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Abstract

The effectiveness and cost of enzyme replacement and 
substrate reduction therapies: a longitudinal cohort study of 
people with lysosomal storage disorders

K Wyatt,1 W Henley,1 L Anderson,1 R Anderson,1 V Nikolaou,1 K Stein,1 
L Klinger,1 D Hughes,2 S Waldek,3 R Lachmann,4 A Mehta,2 A Vellodi5  
and S Logan1*

1Peninsula Medical School, University of Exeter, Exeter, UK
2Department of Haematology, Royal Free Campus, University College, London, UK
3Retired Metabolic Physician, formerly of Salford Royal NHS Foundation Trust, Salford, UK
4University College London Hospitals, London, UK
5Great Ormond Street Hospital for Children NHS Trust, London, UK

*Corresponding author  stuart.logan@pms.ac.uk

Objectives: To determine natural history and estimate effectiveness and cost of enzyme 
replacement therapy (ERT) and substrate reduction therapy (SRT) for patients with Gaucher 
disease, Fabry disease, mucopolysaccharidosis type I (MPS I), mucopolysaccharidosis 
type II (MPS II), Pompe disease and Niemann–Pick type C (NPC) disease.
Design: Cohort study including prospective and retrospective clinical- and patient-reported 
data. Age- and gender-adjusted treatment effects were estimated using generalised linear 
mixed models. Treated patients contributed data before and during treatment. Untreated 
patients contributed natural history data.
Setting: National Specialised Commissioning Group-designated lysosomal storage 
disorder (LSD) treatment centres in England.
Participants: Consenting adults and children with a diagnosis of Gaucher disease (n = 272), 
Fabry disease (n = 499), MPS I (n = 126), MPS II (n = 58), NPC (n = 58) or Pompe disease 
(n = 93) who had attended a treatment centre in England.
Interventions: ERT and SRT.
Main outcome measures: Clinical outcomes chosen by clinicians to reflect disease 
progression for each disorder; patient-reported quality-of-life (QoL) data; cost of treatment 
and patient-reported service-use data; numbers of hospitalisations, outpatient and general 
practitioner appointments; medication use; data pertaining to associated family/carer costs 
and QoL impacts.
Results: Seven hundred and eleven adults and children were recruited. In those with 
Gaucher disease (n = 175) ERT was associated with improved platelet count, haemoglobin, 
liver function and reduced risk of enlarged liver or spleen. No association was found 
between ERT and QoL. In patients with Fabry disease (n = 311) increased time on ERT was 
associated with small decreases in left ventricular mass and improved glomerular filtration 
rate, but not with changes in risk of stroke/transient ischaemic attacks or the need for a 
hearing aid. There was a statistically significant association between duration of ERT use 
and worsening QoL and fatigue scores. We found no statistical difference in estimates of 
treatment effectiveness between the two preparations, agalsidase beta (Fabrazyme®, 
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Genzyme) (n = 127) and agalsidase alpha (Replagal®, Shire HGT) (n = 91), licensed for this 
condition. In Pompe disease (n = 77) our data provide some evidence of a beneficial effect 
on muscle strength and mobility as measured by a 6-minute walk test in adult-onset 
patients; there were insufficient data from infantile-onset Pompe patients to estimate 
associations between ERT and outcome. Among subjects with MPS I (n = 68), 42 of the 43 
patients with the Hurler subtype had undergone a bone marrow transplant. No significant 
associations were found between ERT and any outcome measure for patients with the 
Scheie or Hurler–Scheie subtypes. An association between duration of ERT and growth in 
children was the only statistically significant finding among patients with MPS II (n = 39). 
There were insufficient data for patients with NPC disease to draw any conclusions 
regarding the effectiveness of SRT. The current annual cost to the NHS of the different 
ERTs means that between 3.6 and 17.9 discounted quality-adjusted life-years (QALYs) for 
adult patients and between 2.6 and 10.5 discounted QALYs for child patients would need 
to be generated for each year of being on treatment for ERTs to be considered cost-
effective by conventional criteria.
Conclusions: These data provide further evidence on the effectiveness of ERT in people 
with LSDs. However, the results need to be interpreted in light of the fact that the data are 
observational and the relative lack of power due to the small numbers of patients with MPS 
I, MPS II, Pompe disease and NPC disease. Future work should aim to effectively address 
the unanswered questions and this will require agreement on a common set of outcome 
measures and their consistent collection across all treatment centres.
Funding: This project was funded by the NIHR Health Technology Assessment programme 
and will be published in full in Health Technology Assessment; Vol. 16, No. 39. See the HTA 
programme website for further project information.
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Executive summary

Background

Lysosomal storage disorders (LSDs) are a group of extremely rare, inherited metabolic diseases 
affecting about 1 : 7000 people, each involving a deficiency of specific enzymes required for 
normal metabolism. The consequent accumulation of metabolic substrates results in the clinical 
features. Over the last two decades, treatments that provide exogenous replacement of the 
deficient enzyme have been developed for some disorders. Enzyme replacement therapies (ERTs) 
are licensed in the UK for Gaucher disease, Fabry disease, mucopolysaccharidoses type I (MPS I), 
type II (MPS II) and type VI (MPS VI), and Pompe disease.

The rarity and severity of these conditions has resulted in a paucity of high-quality, long-term, 
randomised controlled trials (RCTs) with clinical outcome measures on which to base estimates 
of the effectiveness and cost-effectiveness of ERTs. In a collaboration between Peninsula College 
of Medicine & Dentistry, the seven designated treatment centres in England and patient support 
groups, we conducted a longitudinal cohort study, collecting data from all consenting adults 
and children with these conditions at designated treatment centres, to estimate treatment 
effectiveness, health service costs and cost-effectiveness.

Objectives

Primary objectives
■■ To compare the natural history of treated and untreated LSDs for disorders where ERTs 

are available.
■■ To estimate the effectiveness of ERT.
■■ To estimate the cost-effectiveness of ERT for LSDs.
■■ To describe the natural history of LSDs where ERT is likely to become available.

Secondary objectives
■■ To compare the effectiveness of agalsidase alpha (Replagal®, Shire HGT) with agalsidase beta 

(Fabrazyme®, Genzyme) in people with Fabry disease.
■■ To estimate the lifetime health-care cost and other economic impacts on people with LSDs 

and their families.
■■ To provide the basis for future research to develop treatment-responsive measures.

Methods

The National Collaborative Study of Lysosomal Storage Disorders was a multicentre, longitudinal, 
observational study in which retrospective and prospective clinical data were collected from 
hospital records. Quality of life (QoL), service-use and cost data were collected using patient-
completed questionnaires, administered locally at the hospital and/or completed by the patient 
at home.

The study was conducted at seven National Specialised Commissioning Group-designated 
centres in England for the treatment of LSDs and included patients being treated with one of the 
six LSDs being investigated.
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Data sources
Data were collected on all consenting patients and entered into condition-specific databases. 
Clinical, QoL and service-use data were collected prospectively and some clinical data were 
collected retrospectively from patients’ notes and from the Hospital Information System (HIS).

Participants
All patients with Gaucher disease, Fabry disease, MPS I, MPS II, Pompe disease or Niemann–
Pick C (NPC) disease attending one of the designated treatment centres were considered for 
inclusion in this study. Patients were deemed ineligible for inclusion if their treating clinician 
felt they would be distressed in any way by being approached to participate. Owing to time 
constraints, and ongoing clinical trials, only conditions for which therapies are already licensed 
were included in this study.

Data extraction
Clinical data collected at the patient’s annual review using a Case Report Form (CRF) were 
entered into a secure, web-based, condition-specific electronic data collection system at each site. 
Retrospective data were extracted from patients’ medical records, and/or HIS, into a CRF and 
entered in the database. The database provided an audit trail of all data entries or amendments 
and allowed discrepancies or queries to be raised by the coordinating centre. Health-related 
quality of life (HRQoL), cost and service-use questionnaires were given to patients (or their 
carer/parent) at their annual clinical appointment and entered into the database; paper copies 
were kept in study folders.

Ten per cent of patients from each centre were randomly selected for source data verification 
against the source documents. Source data included patient medical records, letters held within 
these records and clinical data held on the HIS.

Data analysis
In the core analysis, linear and generalised linear mixed models were developed to study 
individual dynamics for selected outcomes. These models provided the basis for describing 
the natural history of LSDs and assessment of the effectiveness of treatments. Treated patients 
contributed data from the period before they were first treated as well as during treatment. 
Untreated patients contributed natural history data to estimate the effects of age at diagnosis and 
the potential time-related decline since diagnosis. The primary analyses compared the effects 
of time of treatment on outcomes, adjusted for effects of age, gender and, in some cases, other 
key covariates.

For each condition, treatment efficacy was assessed based on the estimated effects of time since 
first infusion from the mixed-effects models described above. Further analysis of natural history 
was conducted by exploring linear growth curve models in a Bayesian framework with patient-
specific random effects.

Questionnaire data were used to estimate lifetime health-care costs according to disorder 
and severity.

Outcome measures
An iterative process was used to decide which outcome measures should be collected for 
each condition. Clinical members of the team were first asked to define the key functions and 
organ systems involved for each condition and suggest which outcome measures would best 
reflect disease progression for each condition. Finally, they were asked to report which of these 
measures were routinely collected for most patients. Where possible, measures were chosen 
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which clinicians reported would be available in hospital notes over previous years to facilitate 
retrospective data collection.

Results

Seven hundred and eleven patients (of an estimated 1106 eligible patients) were recruited. With 
the partial exception of Gaucher disease and Fabry disease, many analyses were hampered by 
a paucity of data. This was a consequence of both small numbers of affected patients being 
recruited and, in the case of a substantial proportion of patients, limited data capture for 
key outcomes.

Gaucher disease
One hundred and seventy-five people with Gaucher disease were recruited. Our data provided 
strong evidence for an association between time on ERT and a clinically significant improvement 
in platelet count and haemoglobin in children and adults, regardless of splenectomy status. There 
was also a strong, statistically significant association between time on ERT and a decrease in the 
likelihood of having an enlarged spleen or liver. For these analyses, the data suggest substantial 
improvements over the first 5–10 years of treatment followed by a plateauing of the effect. Data 
for liver function tests in adults suggested a strong association between time on ERT and reduced 
aspartate transaminase (AST) levels as well as a lower risk of a having an ‘abnormal’ AST level. 
There was some evidence suggesting that a longer duration of ERT may be associated with a 
reduced risk of bone pain in adults and children.

There was no evidence of an association between duration of ERT and QoL or fatigue in adults 
[Short Form questionnaire-36 items (SF-36) and the European Quality of Life-5 Dimensions 
(EQ-5D)]. Although no statistically significant association was found between duration of ERT 
and the total Pediatric Quality of Life Inventory (PedsQL) score in children, we did find an 
association with a worsening in the social functioning subscale with time on ERT.

Fabry disease
Three hundred and eleven patients with Fabry disease were recruited. We found evidence of a 
statistically significant association between time on ERT and a small decrease in left ventricular 
mass index as well as a small increase in the estimated glomerular filtration rate (eGFR) in adults. 
This latter effect appeared to plateau after 5 or 6 years on treatment.

In gender-specific analyses, the association between time on ERT and increase in age-adjusted 
eGFR remained statistically significant for women but not for men. After adjusting for use 
of angiotensin-converting enzyme inhibitors, there was a significant reduction in the risk of 
proteinuria with increased time on ERT in adults. No statistically significant association between 
time on ERT and Pain Severity Scores was found, but there was an association between time 
on ERT and a decrease in the impact of pain on QoL in adults. No association between the risk 
of stroke or transient ischaemic attacks or the risk of needing a hearing aid and the use of ERT 
was found.

A statistically significant association was found between duration of ERT and decrease (i.e. 
worsening) in the SF-36 physical component and mental component scores but not the EQ-5D 
score, although a significant reduction in patient-reported health status was associated with 
time on ERT using the EQ-5D visual analogue scale (VAS). A statistically significant association 
between time on ERT and higher (i.e. worse) fatigue score was also found.
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For each outcome the relative effects in those patients initially treated with agalsidase beta 
compared with those initially treated with agalsidase alpha were examined. No statistically 
significant differences in any of the outcomes for adults or children were found.

Mucopolysaccharidosis type I
Sixty-eight patients with MPS I (43 Hurler, 22 Hurler–Scheie and three Scheie) were recruited. It 
is important to recognise in interpreting our results that ERT is intended for use in people with 
the milder phenotypes; those with the more severe form are generally offered haematopoietic 
stem cell transplantation (HSCT) although a small number receive ERT prior to transplant. 
Among those recruited, all of the 43 MPS I Hurler patients had received a HSCT.

Potential associations between treatment and forced vital capacity (FVC), mobility and 6-minute 
walk test, stature (height and weight), hearing, prevalence of heart valve disease, presence of 
carpal tunnel syndrome (CTS) and QoL, were examined for MPS I patients receiving ERT or who 
had undergone a haematopoietic stem cell transplantation (HSCT). No statistically significant 
relationship between time on ERT and any of these outcomes was found with the exception of an 
improvement in the social functioning subscale of the PedsQL.

No statistically significant associations with time since HSCT were found with the exception of 
an improvement in two of the subscales of the PedsQL.

Mucopolysaccharidosis type II
Thirty-nine patients with MPS II were recruited. Potential associations between treatment and 
FVC, spleen or liver enlargement, mobility and 6-minute walk test, stature (height and weight), 
hearing, the presence/absence of heart valve disease, and the presence of CTS and QoL were 
examined. A statistically significant association between duration of ERT and increasing height 
(z-scores) but not weight (z-scores) was found. A statistically significant association between time 
on ERT and an increase in overall PedsQL score was found in children, but there were insufficient 
SF-36 data to analyse in adults.

No statistically significant relationship between use of ERT and any other outcome was found.

Pompe disease
Seventy-seven patients with Pompe disease were recruited. Only 12 patients with infantile-onset 
Pompe disease were included and all started treatment at diagnosis providing insufficient data to 
reliably estimate associations with ERT.

For patients with adult-onset Pompe disease, there was evidence for an association between time 
on ERT and increased distance walked in the 6-minute walk test, as well as increased muscle 
strength scores. Improvements in these measures are seen over the first 2 years of treatment.

No statistically significant association between time on ERT and the risk of developing restricted 
mobility, on body mass index or on respiratory function as assessed by either FVC or the risk of 
becoming ventilator dependent was found.

No statistically significant associations between fatigue scores or either the physical or mental 
component scale scores of the SF-36, or the EQ-5D and duration of treatment with ERT 
were found.

Niemann–Pick disease type C
Thirty-seven patients with NPC disease were recruited. Potential associations between treatment 
[substrate reduction therapy (SRT) as no ERT is licensed for NPC] and stature (height and 
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weight) and several central nervous system (CNS) measures as well as QoL and the carer burden 
were examined. No statistically significant association was found between SRT and height or 
weight. There were no statistically significant relationships between any of the CNS measures and 
SRT, apart from an apparent increase in the number of cataplexic episodes.

A small improvement in the mental component scale score of the SF-36 was found with time on 
SRT. However, we found no statistically significant association between SRT and any other QoL 
measure or with the Carer Strain Index.

Cost data
Based on self-reported health- and social-care service use, and excluding the cost of ERT or SRT, 
the annual cost of caring for people with LSDs varies from just over £3000 to nearly £12,000 
for adults and from £1300 to £18,600 for children (2010 prices). While the care for Gaucher, 
Fabry and NPC patients costs ≤ £4000 per year, care costs are > £10,000 for adults with MPS 
II and children with Pompe, and > £18,000 for children with MPS I. For all LSDs, on average, 
hospital care accounted for a higher proportion of care costs for children than for adults. The 
annual per patient cost of ERT for adults varied from £108,000 (for Fabry patients on agalsidase 
beta) to £538,000 (for MPS II patients on idursulfase), and for children from £79,000 (for Fabry 
child patients on agalsidase beta) to £314,000 (for MPS II child patients on idursulfase) (2011 
prices). No cost-effectiveness analyses were undertaken owing to the paucity of clear evidence of 
effectiveness based on clinical or HRQoL outcomes.

Conclusions

These data provide further evidence on the effectiveness of ERT in people with LSDs. The 
confidence with which conclusions can be drawn inevitably hinges primarily on the numbers of 
patients with a particular condition.

For both Gaucher disease and Fabry disease these data provide some evidence for a beneficial 
effect of treatment with ERT across a number of domains. We did not find an association with 
improvements in QoL measures for either condition, and indeed in people with Fabry disease 
there was a statistically significant association between duration of ERT use and decline in QoL 
scores and worsening of fatigue scores. These data on fatigue and QoL should be interpreted with 
some caution as, unlike with the clinical data, we have scores only from prospective data points 
and, because almost all participants are currently taking ERT, the comparisons are primarily 
based across different durations of ERT.

In Fabry disease we found no statistically significant differences in estimates of treatment 
effectiveness between the two different preparations licensed for this condition.

In patients with Pompe disease these data provide some evidence of a beneficial effect on muscle 
strength and on mobility as measured by the 6-minute walk test.

In MPS I we found no statistically significant associations between ERT and any 
outcome measure.

In MPS II the data suggest a beneficial effect of ERT on growth in children. No other statistically 
significant associations were found in these data.

There were insufficient data for patients with NPC to draw any conclusions regarding the 
effectiveness of SRT.
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In interpreting all of these conclusions it is important to take account both of the inevitable 
limitations of longitudinal observational data and of the relative lack of power owing to small 
numbers, particularly for conditions other than Gaucher and Fabry diseases.

The cost data make clear that, in addition to the high costs to the NHS, burden on patients with 
these conditions and their carers is substantial.

We have shown that it is feasible to use longitudinal data from records to estimate effectiveness 
but the analyses have been hampered by problems with recruitment and poor collection and 
recording of key outcome measures.

Recommendations for research

If future research is to more effectively address the unanswered question regarding effectiveness 
and cost-effectiveness the following steps will be required:

1.	 Agreement regarding appropriate outcome measures that can be used to assess disease 
progression for each condition.

2.	 Agreement between designated UK treatment centres to collect these measures in a common 
data set for all patients with these conditions receiving ERT or SRT.

3.	 For the less common conditions, to attempt to extend this approach to include centres in 
other countries.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the 
National Institute for Health Research.
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Chapter 1  

Background

Lysosomal storage disorders

Lysosomal storage disorders (LSDs) are a heterogeneous group of inherited metabolic 
disorders characterised by the accumulation of undigested macromolecules owing to lysosomal 
dysfunction. There are more than 70 LSDs, whose common feature is an error in the metabolism 
of lipids, glycoproteins or glycosaminoglycans (GAGs), usually due to a deficiency of a lysosomal 
enzyme or transport protein. Most of these disorders are autosomal recessively inherited while 
three, Fabry disease, Hunter disease [mucopolysaccharidosis type II (MPS II)] and Dannon 
disease, are X-linked.

As the function of the lysosomal enzymes is to remove unwanted material such as GAGs 
and sphingolipids from the cell, a deficit in any of these enzymes will result in progressive 
accumulation of material in affected organs and tissues. This results in an increase in the size and 
number of these organelles and ultimately in cellular dysfunction and organ failure.1 Some forms 
of storage disorders are associated with defects of membrane proteins, errors in enzyme targeting 
or defective function of enzyme activators.2 In others, such as Pompe disease, the accumulation 
in lysosomes and within cells has ‘downstream’ effects including a disturbance in autophagy.3,4

The majority of these disorders are characterised by substantial neurological involvement, with 
developmental regression, seizures and learning difficulties being relatively common features. 
There is a wide variety of clinical manifestations, depending on the particular disorder. Most 
affected individuals have a reduced life expectancy and suffer considerable morbidity.

Individually, most LSDs occur with a birth prevalence of less than 1 : 100,000, with the estimated 
combined prevalence of approximately 1 in every 7000 to 8000 births.5,6 Higher prevalence of 
specific lysosomal storage diseases is encountered in some populations, for example Gaucher 
disease and Tay–Sachs disease among Ashkenazi Jews and aspartylglucosaminuria, Salla disease 
and infantile neuronal ceroid lipofuscinosis in Finland.6,7

The clinical picture of most LSDs is heterogeneous with age at onset and type and progression of 
symptoms varying substantially among individual patients suffering from the same disorder. The 
clinical course of these disorders is not easily predictable in an individual, especially in the later-
onset disorders.8 However, although there is some correlation between the specific mutation and 
the severity of the problems experienced by an individual, the genotype/phenotype relationship 
is variable.1 There are a great number of mutations responsible for most LSDs and, although these 
have been largely elucidated, the molecular pathways through which the storage material causes 
cellular and organ pathology are still largely unknown, making phenotype prediction difficult.

In general, a correlation exists between residual enzyme activity and severity of disease 
manifestation. This correlation is loose, however, and does not allow prediction of the clinical 
course on an individual basis. In some LSDs external genetic or environmental factors have a 
marked influence on the flux through the defective pathway and therefore also have a major 
impact on disease manifestation.9 The likelihood that a particular cell type is involved in storage 
accumulation is determined by the flux of the substrate (the metabolic demand) and the residual 
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capacity of that cell type to carry out the catabolic reaction. Mutations causing a complete loss 
of enzyme activity result mostly in a severe phenotype of early onset. In contrast, alleles that still 
allow the expression of low amounts of residual enzyme activity are frequently associated with 
attenuated forms of disease. For patients with a missense mutation in a lysosomal enzyme gene, 
and therefore showing a relatively high residual enzyme activity, storage is likely to occur in fewer 
tissue types. Accumulation of storage compounds also depends critically on the origin of the 
substrate; it is difficult to predict which cell may be affected just from the enzyme activity. For 
example, some Fabry missense mutations affect the kidney whereas others affect the heart.

It is the heterogeneity in individuals’ residual degradative capacity that accounts for some LSDs 
manifesting as relatively benign non-neuropathic variants and others as devastating neuropathic 
variants. In the latter case storage is not restricted to cells in visceral tissues but also involves 
cells inside the brain. Many LSDs have traditionally been classified into subtypes, although it is 
increasingly recognised that most LSDs have a broad continuum of clinical severity and age at 
presentation5 rather than falling into clinically discrete forms.

The symptoms arising from these disorders are generally progressive and clinical diagnosis 
becomes easier with time for the severe forms,10 but attenuated forms can be undiagnosed until 
late adulthood. For the most part, diagnosis relies on observation of clinical features which raises 
clinical suspicion and can be confirmed by formal testing.

Summary of available treatments for lysosomal storage disorders
No definitive, curative treatment is yet available for any LSD. For most of the disorders, 
symptomatic management for specific problems is currently the only therapeutic option. 
For some LSDs it is possible to either augment the deficient enzyme, for example by enzyme 
replacement therapy (ERT), bone marrow transplantation (BMT), or enzyme enhancement 
therapy, or partially inhibit synthesis of the parent substrates by substrate reduction therapy 
(SRT). Treatment options are summarised in Table 1.

Enzyme replacement therapy
Enzyme replacement therapy provides exogenous, recombinant enzymes to replace defective 
lysosomal enzymes. Patients receive the therapy via intravenous infusions either weekly or 
biweekly, and often in their own home.

In the mid-1960s de Duve11 and Brady and colleagues12 speculated that injection of exogenously 
purified enzyme into an affected person might provide therapeutic benefit. The first reported 
clinical investigation of ERT was the intravenous injection of hexosaminidase A that had 
been isolated from human urine, into an infant with Sandhoff disease, the O-variant form of 
Tay–Sachs disease.13 A significant reduction in globoside occurred in the circulation shortly 
after infusing the enzyme, but none of the injected enzyme reached the brain and the patient 
experienced pyrexia following infusion. The authors reported that there was no change in the 
patient’s clinical condition.

The first administration of lysosomal enzyme in two patients with Fabry disease consisted 
of a single intravenous injection that caused brief, but significant, reductions in the 
globotriaosylceramide (Gb3) substrate in the blood.14 The level of Gb3 in the circulation fell 
rapidly, but within 48–72 hours it had returned to the pre-infusion value in both patients. Further 
investigations of ERT for Fabry disease were delayed for many years until improved procedures 
were developed for the production and purification of larger quantities of α-galactosidase A 
(α-Gal A).15
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The first large-scale attempt at ERT occurred in patients with Gaucher disease, in the 1980s, using 
modified human enzyme purified from human placentas. Alglucerase (Ceredase®, Genzyme 
Corporation) was subsequently approved by the Food and Drug Administration (FDA) for 
the treatment of patients with Gaucher disease type 1 (GD1) in 1991 and subsequently by 
the European Medicines Agency (EMA) in 1994. Owing to supply issues and safety concerns 
around using human tissue, Genzyme Corporation then developed an alternative, recombinant 
form of the enzyme in Chinese hamster ovary (CHO) cells called imiglucerase (Cerezyme®, 
Genzyme Corporation).16,17

During the last two decades, recombinant DNA techniques for manufacturing highly purified 
therapeutic enzymes have led to the practical application of ERT to other disorders that do not 
primarily affect the central nervous system (CNS). There are currently nine licensed ERTs in the 
UK for six LSDs:

■■ Alglucerase (licensed in 1994), imiglucerase (licensed in 1997) and velaglucerase alpha 
(VPRIV®, Shire HGT Inc.; licensed in 2010) for non-neuropathic Gaucher disease (GD1).

■■ Agalsidase beta (Fabrazyme®, Genzyme Corporation; licensed in 2001) and agalsidase alpha 
(Replagal®, Shire HGT Inc.; licensed in 2001) for Fabry disease.

■■ Laronidase (Aldurazyme®, Genzyme Corporation; licensed in 2003) for 
mucopolysaccharidosis type I (MPS I).

■■ Idursulfase (Elaprase®, Shire HGT Inc.; licensed in 2007) for MPS II.
■■ Galsulfase (Naglazyme®, Genzyme Corporation; licensed in 2006) for mucopolysaccharidosis 

type VI (MPS VI).
■■ Alglucosidase alpha (Myozyme®, Genzyme Corporation; licensed in 2006) for 

Pompe disease.

Enzyme replacement therapies for Niemann–Pick types A and B, alpha-mannosidosis, 
mucopolysaccharidosis IVA (Morquio A disease) and Wolman’s disease (cholesterol ester storage 
disease), as well as an alternative ERT for Pompe disease, are currently being developed and 
undergoing clinical trials.

In 2005, the HTA commissioned an examination of the evidence for the effectiveness and cost-
effectiveness of ERTs for Gaucher disease, Fabry disease and MPS I. For all three conditions the 
reports suggested, on the basis of the limited data available, that there may be beneficial effects 
of ERT on symptom-related markers.18,19 However, even assuming that ERT restores people with 
Gaucher disease to full health for their remaining lives, the incremental cost-effectiveness of ERT 
was calculated at more than 10 times above the usually accepted threshold of £20,000–30,000 for 
what constitutes ‘good value for money’ when using NHS resources to improve health.20

Shortage of enzyme replacement therapies
In 2009, Genzyme Corporation became aware of problems in the bioreactors used to produce 
ERTs imiglucerase and agalsidase beta at their production site in Allston Landing in the USA. 
The bioreactors were contaminated with a calicivirus that is not known to cause disease in 
humans, but can attack the cells used to produce these medicines. The contamination had an 
impact on cell growth, affecting the quantity of the enzymes produced by the cells.

In June 2009 the company stopped production of new batches of imiglucerase and agalsidase 
beta for an extended period of time in order to sanitise the production facilities and conduct 
an investigation to prevent the contamination from recurring. A shortage of both medicines 
followed, and the company, in agreement with the EMA, recommended some temporary changes 
to the way imiglucerase and agalsidase beta were prescribed and used in Europe. A paper 
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TABLE 1  Conditions where ERT and/or SRT is available 

Disease
Approximate prevalence 
(Australian data5) ERT SRT

Median age at 
diagnosis (range)

Gaucher 
disease

1 : 57,000 Alglucerase

Ceredase®

Genzyme Corporation

Licensed

	 USA 1991

	 EU 1994

Miglustat

Zavesca®

Actelion 
Pharmaceuticals

Licensed

	 USA 2003

	 EU 2003

Dose: 100 mg t.i.d. 
orally

For patients in 
whom ERT is not 
appropriate

9.5 (0–73.2) years

Imiglucerase

Cerezyme®

Genzyme Corporation

Licensed

	 USA 1994

	 EU 1997

Dose: i.v.; varies according to disease severity

Velaglucerase alpha

VPRIV®

Shire licensed

	 USA 2010

	 EU 2010

Dose: 60 U/kg i.v. every 2 weeks

Fabry 
disease

1 : 117,000 Agalsidase beta

Fabrazyme®

Genzyme Corporation

Licensed

	 USA 2003

	 EU 2001

Dose: 1 mg/kg i.v.

28.6 (0–55.7) years

Agalsidase alpha

Replagal®

Shire Human Genetic Therapies Inc.

Licensed

	 EU 2001

Dose: 0.2 mg/kg i.v.

MPS IH/
MPS IHS/
MPS IS

1 : 88,000 Laronidase

Aldurazyme®

Genzyme Corporation

Licensed

	 USA 2003

	 EU 2003

Dose: 0.58 mg/kg i.v. weekly

Prescribed for Hurler and Hurler–Scheie forms of 
MPS I and for people with the Scheie form who 
have moderate to severe symptoms. Risks and 
benefits of treating mildly affected patients with 
the Scheie form have not been established

1.0 (0.3–29.1) years
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supporting these temporary guidelines was subsequently written by a European multidisciplinary 
expert panel.21

The following recommendations were made:

■■ For imiglucerase, patients at greatest need of treatment were recommended to receive 
this medicine but at a reduced dosage or at a reduced infusion frequency. Priority was 
given to infants, children and adolescents, and adults with severe, life-threatening disease 

Disease
Approximate prevalence 
(Australian data5) ERT SRT

Median age at 
diagnosis (range)

MPS II 
Hunter 
disease

1 : 136,000 Idursulfase

Elaprase®

Shire Human Genetic Therapies Inc.

Licensed

	 USA 2006

	 EU 2007

Dose: 0.5 mg/kg i.v. weekly 

2.8 (0.0–22.0) years

MPS VI 
Maroteaux-
Lamy 
disease

1 : 235,000 Galsulfase

Naglazyme®

Genzyme Corporation

Licensed

	 USA 2005

	 EU 2006

Dose: 1 mg/kg i.v. weekly

1.4 (0–43.4) years

Pompe 
disease 
(early and 
late onset)

1 : 146,000 Alglucosidase alpha

Myozyme®

Genzyme Corporation

Licensed

	 USA 2006

	 EU 2006

Dose: 20 mg/kg i.v. every 2 weeks

0.5 (0.1–55.0) years

NPC 1 : 211,000 Miglustat

Zavesca®

Actelion 
Pharmaceuticals

Licensed

	 EU 2009

Dose: 200 mg t.i.d. 
orally

9.3 (0.1–37.7) years

Late onset 1 : 201,000 SRT shows some promise in mouse models Miglustat

Zavesca®

Actelion 
Pharmaceuticals

Currently unlicensed 
– used in clinical 
trials

27.0 years

Tay–Sachs 
disease/
Sandhoff 
disease

1 : 384,000

i.v., intravenous(ly); MPS IHS, mucopolysaccharidosis type I subtype Hurler–Scheie syndrome; MPS IS, mucopolysaccharidosis type I subtype 
Scheie disease; t.i.d., three times daily.

TABLE 1  Conditions where ERT and/or SRT is available (continued)
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progression. It was recommended that no patient should be treated at a dose less than 15 
units per kilogram body weight every 2 weeks, or alternative treatment should be considered.

■■ For agalsidase beta, priority was given to children and adolescents, and adult male patients, 
who were recommended to continue to receive agalsidase beta as one infusion every 2 weeks. 
Adult female patients, in whom the disease is less severe, would receive agalsidase beta at a 
reduced dose.

In reality, in the UK, some less severely affected patients had their imiglucerase treatment stopped 
during this period. After some time, and with permission from the EMA, velaglucerase alpha was 
prescribed for these patients in replacement of imiglucerase. In the UK, it was agreed that some 
centres would reduce use of agalsidase beta to help ease the situation. Patients with the more 
severe disease were maintained on agalsidase beta at full dose, although others were changed to 
agalsidase alpha. All patients were closely monitored while they received reduced or altered doses 
of imiglucerase or agalsidase beta, and reporting of side effects continued as normal.

In August 2010, Genzyme Corporation announced that there was insufficient agalsidase beta to 
meet the needs of the nearly 600 Fabry disease patients receiving the treatment in Europe, and 
the EMA recommended the use of alternate Fabry disease treatments, such as agalsidase alpha.

Finally, in February 2011, Genzyme Corporation announced the end of the imiglucerase 
shortage, but the company conceded that supplies of agalsidase beta are not likely to be restored 
until a new production facility in the USA gains FDA approval. At the time of writing, there 
continues to be a shortage of agalsidase beta.

Treatment and the blood brain barrier
Although there is evidence of the efficacy of ERT to treat non-neurological symptoms of LSDs, 
treatment of the neurological aspects of many LSDs requires the delivery of therapeutic proteins 
across the blood–brain barrier (BBB). Although substrate reduction therapies do appear to 
cross the BBB in small amounts (approximately 10%), the large recombinant enzymes used for 
treatment of LSDs do not appear to cross the BBB in sufficient amounts to be effective, thus 
limiting their use for treating disorders with neurological symptoms.22

The BBB maintains a homeostatic environment in the CNS.23 Attempts have been made to use 
proteins capable of being transported across the BBB as carriers. When such carrier proteins or 
peptides are joined to a therapeutic protein (such as ERT), they may ferry the attached protein 
cargo across the BBB.24–26

Other options for bypassing the BBB are being explored, including the direct infusion of enzymes 
via an intrathecal route.27,28

Substrate reduction therapy
Substrate reduction therapy attempts to address the failure of the lysosomal metabolic 
pathway by reducing the level of the substrate to a point where residual degradative activity 
is sufficient to prevent substrate accumulation in the lysosomes. At present, miglustat 
(N-butyldeoxynojirimycin, Zavesca®, Actelion Pharmaceuticals Ltd) is the only licensed SRT 
in the UK. Miglustat is an orally administered drug that inhibits ceramide glucosyltransferase, 
the enzyme that synthesises glucosylceramide. Glucosylceramide is the storage compound 
in Gaucher disease, and is also the first step in the synthesis of most glycosphingolipids that 
accumulate in Niemann–Pick disease.29 Miglustat is currently a treatment option for mild to 
moderate GD1 and Niemann–Pick disease type C (NPC).
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The efficacy and safety of miglustat has also been evaluated in other disorders. Miglustat therapy 
concomitant with ERT was evaluated in a randomised controlled trial (RCT) in patients with 
Gaucher disease type 3 (GD3), but there were no significant benefits on the neurological primary 
end points of vertical saccadic eye movement velocity.30 Similarly, miglustat treatment did not 
lead to any measurable benefits in a cohort of patients with late-onset Tay–Sachs disease in a 
randomised, open-label, 12-month study with a 24-month extension.31 More recently, evaluation 
of miglustat treatment in patients with mucopolysaccharidosis type III (MPS III) was conducted 
in a randomised, double-blind, placebo-controlled study. Again, miglustat treatment was 
not associated with any improvement or stabilisation in behaviour problems in patients with 
MPS III.32

Many other potential substrate inhibitors have been identified, and some are currently being 
considered for their possible use as therapeutic options for Gaucher disease33,34 and MPS.35–37

Haematopoietic stem cell transplantation
Allogenic BMTs and, more recently, transplantation of stem cells sourced from umbilical cord 
blood have been used as therapy for many LSDs that have significant brain involvement, although 
therapeutic efficacy has been variable. The principle of haematopoietic stem cell transplantation 
(HSCT) is the replacement of multipotent haematopoietic stem cell or blood with that of a donor. 
Following successful transplantation the donor-derived stem cells populate the bone marrow 
and provide a continuous endogenous source of the deficient enzyme. Haematopoietic cells, 
including activated lymphocytes, monocytes and precursors of microglia, have the potential to 
cross the BBB.38,39 Because a proportion of lysosomal enzymes synthesised intracellularly are 
secreted and then internalised and directed to lysosomes, cross-correction of neighbouring 
cells lacking a normal lysosomal enzyme is possible. The release of enzymes into plasma, with 
subsequent uptake by enzyme-deficient cells throughout the body, may also occur, following a 
BMT.40 There are, however, some major limitations, including the development of graft-versus-
host disease, graft rejection and high mortality and morbidity rates owing to infection or regimen 
associated toxicity.

The first BMTs were done on patients with mucopolysaccharidosis type I subtype Hurler disease 
(MPS IH) and reported in the early 1980s41 and stem cell transplantation has since been carried 
out for at least 20 different LSDs.23 Although transplantation has been relatively successful in 
some LSDs such as MPS I, other disorders, including MPS II (Hunter disease) and MPS III 
(Sanfilippo disease), have not responded well to such treatment. Results in other LSDs have been 
extremely variable and despite initial promising results in people with Gaucher disease, HSCT is 
no longer recommended in this disease because of the high associated mortality and morbidity 
and the effectiveness of ERT in treating this condition.

In general terms, tissues least susceptible to correction by a BMT are brain and bone. For 
conditions that do not primarily affect the CNS, transplantation can influence the natural history 
of the disorder.42 In those disorders that primarily affect the CNS, such as infantile Tay–Sachs 
disease, Sandhoff disease or MPS III (Sanfilippo disease), transplantation does not appear to be 
effective in slowing down the progression of the disease. When carried out in individuals with 
some neurological involvement, BMT is reported to be least effective in addressing the skeletal 
component and best at addressing the neurological component of these disorders. Similarly, 
where there is significant skeletal impact on the disorder, such as in MPS IV (Morquio disease), 
stem cell transplantation does not lead to an improvement in growth or other skeletal features.8,43

In MPS I, a transplant performed early enough in the disease process, generally before the age of 
2 years, before extensive cerebral damage has occurred, can lead to improvement or stabilisation 
in neurocognitive development for most children, preventing progressive mental deterioration. 
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In MPS IH, however, transplantation after the onset of significant neurological signs does not 
lead to an improvement of neurological function, and in most patients a steady loss of skills 
continues.8 Furthermore, some clinical manifestations appear to be irreversible or continue 
to progress despite successful stem cell transplantation, causing residual disease burden in 
long-term survivors.

Pharmacological chaperone therapy
Some missense mutations and small in-frame deletions may lead to a misfolded protein without 
significantly affecting the active site. Mutations that affect accurate folding of the lysosomal 
enzymes prevent these proteins from reaching their final destination, directing them instead to 
the endoplasmic reticulum where they undergo degradation.

Pharmacological chaperone therapy is designed to enhance innate enzyme activity by stabilising 
the misfolded lysosomal enzyme, allowing it to pass through the Golgi apparatus onto the 
lysosomes.22 Once appropriately folded, the enzymes can leave the endoplasmic reticulum and 
go to the Golgi apparatus, where they undergo further maturation before trafficking to the 
lysosomes. Once the mature enzymes reach the lysosomes, the chaperones dissociate and full 
or partial catalytic activity is restored. Phase I trials have reported elevation of plasma alpha 
galactosidase levels in healthy volunteers.44 Phase III trials are now in progress in males and 
females with Fabry disease with a pharmacological chaperone (1-deoxygalactonojirimycin; 
DGJ; AmigalTM, Amicus Therapeutics). DGJ has been demonstrated to enhance trafficking of 
mutant α-Gal A to lysosomes of fibroblasts derived from persons with Fabry disease and increase 
enzyme activity while reducing Gb3 substrate in tissues of a transgenic/knockout animal model of 
Fabry disease.

Unfortunately, the use of chaperone therapy is restricted to patients with missense mutations who 
are shown to be responsive to the drug. For Pompe disease, such mutations are believed to occur 
in only 10–15% of the patient population.45 These patients would, in theory, be candidates for a 
chaperone approach.

Chaperones are still in the early stages of clinical development, but have shown promising results 
in cell culture and animal models for a number of lysosomal disorders, including Gaucher 
disease, Fabry disease, Pompe disease, and MPS I36,46–49 and MPS III.50

Gene therapy
Lysosomal storage disorders should be excellent candidates for therapy by gene transfer as they 
are generally well characterised, single-gene disorders that are not subject to complex regulation 
mechanisms. In addition, it has been demonstrated that restoration of enzyme activity to just 
15–20% of the normal level provides restored clinical efficiency.51 Moreover, because lysosomal 
enzymes are secreted and internalised by mannose-6-phosphate (M6P)-mediated endocytosis, 
any corrected cells should be able to have an effect on neighbouring tissue. Some progress has 
been made in developing gene therapy methods for treating CNS disease. A gene can be delivered 
into an organism via one of two ways – using the in vivo or the ex vivo techniques. The in vivo 
approach inserts genetically altered genes directly into the patient, while the ex vivo approach 
removes tissue from the patient, extracts the cells in question and genetically alters them before 
returning them to the patient.

Both in vivo and ex vivo gene therapy have been carried out successfully in many animal 
models.52–54 However, although gene therapy studies performed in animal models are rather 
promising, many important issues regarding safety and efficacy of these strategies need to be 
addressed before large-scale clinical trials using viral vectors can be undertaken. Although gene 
therapy may allow constant delivery of a therapeutic protein to targeted organs and thus be able 
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to overcome some of the problems seen in ERT, there is still a long way to go until gene therapy 
becomes a realistic therapeutic option for LSD patients. Clinical trials are currently underway for 
gene therapy in Pompe disease and metachromatic leucodystrophy.

Future prospects for lysosomal storage disorder therapy
Each therapeutic modality described above targets only one aspect of the complex 
pathophysiology of a LSD, and each has inherent strengths and weaknesses. It has been 
suggested, therefore, that the future of successful LSD therapy may lie in the combining of 
different types of treatment.55 Potential strategies include the enhancement of enzyme activity 
by ex vivo gene therapy prior to cell transplantation, simultaneous use of stem cells and small 
molecule substrate inhibitors or HSCT, or ERT combined with agents that have the potential to 
transport across the BBB.

Summary of lysosomal storage disorders investigated in this study

Gaucher disease
Aetiology
Gaucher disease (OMIM 230800, 230900, 231000) is caused by deficient activity of the 
lysosomal enzyme glucosylceramidase, which is responsible for hydrolysing glucosylceramide 
to glucose and ceramide. The result of this deficiency is the accumulation of its undegraded 
substrate, glucosylceramide, and other glycolipids. The major substrate source is the breakdown 
of senescent blood cells and tissue debris; the incompletely metabolised glucosylceramide 
is subsequently stored in cells of monocyte/macrophage lineage of the reticuloendothelial 
system. In the CNS, glucosylceramide is believed to originate from the turnover of membrane 
gangliosides, although neuronal cell death may be the basis of neuropathic involvement.56

Gaucher disease arises as a result of a mutation in the GBA gene. The abnormal alleles include 
missense and nonsense mutations, splice junction mutations, deletions and insertions of one or 
more nucleotides, and complex alleles resulting from gene conversion or recombination with the 
downstream pseudogene.57,58 At least 200 GBA mutations have been identified.

Clinical features
Gaucher disease comprises a continuum of clinical findings from a perinatal lethal disorder 
to an asymptomatic form. The identification of three major clinical types (1, 2 and 3) and two 
other subtypes (perinatal-lethal and cardiovascular) is useful in determining prognosis and 
management. The major clinical types are delineated by the absence (type 1) or presence (types 2 
and 3) of primary CNS involvement.

Gaucher disease type 1
Gaucher disease type 1 is further characterised by the presence of clinical or radiographic 
evidence of bone disease (osteopenia, focal lytic or sclerotic lesions, and osteonecrosis), 
hepatosplenomegaly, anaemia and thrombocytopenia.

Clinical or radiographic evidence of bone disease occurs in 70–100% of individuals with 
GD1. Bone disease ranges from asymptomatic osteopenia to focal lytic or sclerotic lesions and 
osteonecrosis.59 Bone involvement, which may lead to acute or chronic bone pain, pathological 
fractures and subchondral joint collapse with secondary degenerative arthritis, is often the most 
debilitating aspect of GD1.60 Acute bone pain manifests as ‘bone crises’ or episodes of deep bone 
pain that are usually confined to one extremity or joint61 and are often accompanied by fever 
and leucocytosis. Bone involvement in Gaucher disease may not correlate with the severity of 
haematological or visceral problems.
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Although individuals with GD1 do not have primary neurological disease, neurological 
complications (spinal cord or nerve root compression) may occur secondary to bone disease 
(e.g. severe osteopenia with vertebral compression, emboli following long bone fracture) or 
coagulopathy (e.g. haematomyelia).62

The spleen is enlarged (i.e. 1500–3000 cm3 in size, compared with 50–200 cm3 in the average 
adult) with resultant hypersplenism associated with pancytopenia (i.e. anaemia, leucopenia and 
thrombocytopenia). Infarction of the spleen can result in acute abdominal pain. Rarely, acute 
surgical emergencies may arise because of splenic rupture.63 Liver enlargement is common, 
although cirrhosis and hepatic failure are rare.

Cytopenia is almost universal in untreated Gaucher disease. Anaemia, thrombocytopenia 
and leucopenia may be present simultaneously or independently.64 The pattern of cytopenia 
in Gaucher disease is dependent on spleen status. Low platelet count may result from 
hypersplenism, splenic pooling of platelets or marrow infiltration or infarction. Anaemia may 
result from hypersplenism, haemodilution (e.g. pregnancy), iron deficiency or B12 deficiency and, 
in advanced disease, decreased erythropoiesis as a result of bone marrow failure from Gaucher 
cell infiltration or medullary infarction.

Acquired coagulation factor deficiencies include low-grade disseminated intravascular 
coagulation and specific inherited coagulation factor deficiencies (e.g. factor XI deficiency among 
Ashkenazi Jews). An investigation of Egyptian individuals with GD1 revealed a wide variety of 
coagulation factor abnormalities (fibrinogen, factors II, VII, VIII, X and XII).65

The following pulmonary problems are associated with Gaucher disease:

■■ interstitial lung disease
■■ alveolar/lobar consolidation
■■ pulmonary hypertension; this is well documented in individuals with liver disease and 

presumably the result of inability to detoxify gut-derived factors, which adversely affect the 
pulmonary endothelium with resultant pulmonary hypertension. Pulmonary hypertension 
can also occur in individuals with Gaucher disease without liver disease.66

Gaucher disease types 2 and 3
In the past, Gaucher disease types 2 and 3 (GD2 and GD3) were distinguished by age at onset 
and rate of disease progression, but these distinctions are not absolute. Gaucher disease type 2 is 
classified by onset before age 2 years, limited psychomotor development and a rapidly progressive 
course with death by age 2–4 years. Individuals with GD3 may have onset before age 2 years, but 
often have a more slowly progressive course and may live into their third or fourth decade.

It is increasingly recognised that neuropathic Gaucher disease represents a phenotypic 
continuum, ranging from abnormalities of horizontal ocular saccades at the mild end to hydrops 
fetalis at the severe end.67 Bulbar signs include stridor, squint and swallowing difficulty whereas 
pyramidal signs include opisthotonus, head retroflexion, spasticity and trismus. Oculomotor 
apraxia, saccadic initiation failure and opticokinetic nystagmus are common.68 Oculomotor 
involvement may be found as an isolated sign of neurological disease in individuals with a 
chronic progressive course and severe systemic involvement (e.g. massive hepatosplenomegaly). 
Generalised tonic–clonic seizures and progressive myoclonic epilepsy have been observed in 
some individuals.69,70 Dementia and ataxia have been observed in the later stages of chronic 
neurological disease.
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The perinatal lethal form
The most severe type of Gaucher disease, the perinatal lethal form, causes severe or life-
threatening complications starting before birth or in infancy. Patients may present clinically with 
ichthyosiform or collodion skin abnormalities or hydrops fetalis.71 Other features of this form are 
hepatosplenomegaly, pancytopenia, arthrogryposis and distinctive facial features.72 Most infants 
with this form of Gaucher disease survive for only a few days.

The cardiovascular form
The cardiovascular form occurs in individuals homozygous for the D409H mutation. These 
patients present with an atypical phenotype dominated by cardiovascular disease with 
calcification of the mitral and aortic valves.73 Additional findings include mild splenomegaly, 
corneal opacities and supranuclear ophthalmoplegia.74 Cardiopulmonary complications have 
been described with all the clinical subtypes, although varying in frequency and severity.

Epidemiology
A study from Australia reported a disease frequency of 1 : 57,000 (1.75 per 100,000);5 a similar 
study from the Netherlands reported 1.16 per 100,000.6

Non-neuropathic GD1 is prevalent in the Ashkenazi Jewish population, with a disease prevalence 
of 1 : 855 and an estimated carrier frequency of 1 : 18.75 There is now a very effective screening 
programme for this high-risk group and the actual birth prevalence may be a lot lower.

The prevalence of neuropathic Gaucher disease (GD2 and GD3) varies across ethnic groups, but 
appears to be higher among those who are not of European origin.

Gaucher disease is inherited in an autosomal recessive manner. The variants N370S, 84GG, 
IVS2 + 1G → A and L444P account for 90% of the Gaucher disease-causing alleles in Ashkenazi 
Jewish individuals with GD1 and for 50–60% of mutant alleles in non-Jewish individuals with 
GD1. Non-Jewish individuals with Gaucher disease tend to be compound heterozygotes with one 
common and one ‘rare’ mutation or a unique mutation.

Diagnosis
Gaucher disease is suspected in individuals with characteristic bone lesions, hepatosplenomegaly 
and haematological changes, or signs of CNS involvement.76 Clinical findings alone are not 
diagnostic – diagnosis relies on demonstration of deficient glucosylceramidase enzyme activity in 
peripheral blood leucocytes or other nucleated cells. In affected individuals, glucosylceramidase 
activity is 0–15% of normal activity. Testing for the four common GBA alleles (N370S, L444P, 
84GG, IVS2 + 1) has been included in panels specifically designed for carrier screening in the 
Ashkenazi Jewish population,77 but clearly such screening does not lead to 100% detection.

Affected individuals may first be suspected of having Gaucher disease following bone marrow 
examination for Gaucher disease-related manifestations (e.g. anaemia, thrombocytopenia and/
or splenomegaly).78

Management 
Treatment of manifestations
Partial or total splenectomy for massive splenomegaly and thrombocytopenia was carried out 
on many patients in the pre-ERT era. Although useful in alleviating some of the problems 
in Gaucher disease, splenectomy may increase the likelihood of bone problems and other 
complications and, hence, is now carried out only very rarely. Supportive care for all affected 
individuals may include transfusion of blood products for severe anaemia and bleeding, 
analgesics for bone pain, joint replacement surgery for relief from chronic pain and restoration 
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of function, oral bisphosphonates and calcium for osteopenia, and vitamin D if the patient 
is deficient.

Haematopoietic stem cell transplantation
Individuals with severe Gaucher disease, primarily those with chronic neurological involvement 
(GD3), have been shown to benefit from HSCT.79 Successful engraftment can correct the 
metabolic defect, improve blood counts and reduce increased liver volume. However, the 
availability of ERT and the morbidity and mortality associated with transplantation have limited 
its use in recent years.80

Substrate reduction therapy
Substrate reduction therapy may be indicated in symptomatic individuals with mild to moderate 
GD1 for whom ERT is not a therapeutic option (e.g. because of constraints such as allergy, 
hypersensitivity or poor venous access). SRT aims to restore metabolic homeostasis by limiting 
the amount of substrate precursors synthesised (and eventually subject to catabolism) to a 
level that can be effectively cleared by the mutant enzyme with residual hydrolytic activity.81 
A potential concern regarding the use of SRT is its non-specificity, i.e. the substrate whose 
production is blocked or limited is also a precursor in the formation of other glycosphingolipids 
(ganglio- and lacto-series).

Miglustat, an imino sugar that reversibly inhibits glucosylceramide synthase and reduces 
intracellular storage of glucosylceramide, is the first oral agent for the treatment of individuals 
with Gaucher disease.

In a 1-year, open-label study, 28 adults with GD1 (seven with previous splenectomies) from 
four international clinics, who were unable or unwilling to receive ERT, received 100–300 mg 
oral N-butyldeoxynojirimycin (miglustat) three times daily (t.i.d.) for 12 months.82 The authors 
reported reduced organomegaly and small haematological improvements after 12 months’ 
therapy.

In an extension of the above open-label study,82 18 patients from four centres who had completed 
12 months of treatment with miglustat continued on treatment for a further 2 years.83 After 
36 months on treatment, statistically significant improvements were reported in all the major 
efficacy end points (organ volume, haematological parameters), and no new cases of peripheral 
neuropathy were reported. Diarrhoea and weight loss, which were frequently reported during 
the initial 12-month study, decreased in magnitude and prevalence during the second and 
third years.

In a non-comparative, open-label study in adult patients with GD1 who were unwilling or unable 
to receive ERT, or who had discontinued ERT for at least 3 months, 10 patients (seven men and 
three women, mean age 46.3 years) received miglustat (100 mg t.i.d.) for 12 months, with the 
option of continuing treatment for a further 12 months.84 The authors reported that in the seven 
patients who completed 24 months of treatment with miglustat, there was a significant decrease 
in liver and spleen volume at 6 and 18 months, with clinical improvement noted at 24 months. 
Bone involvement and platelet and haemoglobin (Hb) values remained stable, with no significant 
changes noted during the observation period. This study reports that adverse effects such as 
diarrhoea, abdominal pain, distension, weight loss, tremors and paraesthesiae decreased over the 
course of the trial.

In a separate study by Elstein and colleagues,85 36 clinically stable patients on ERT were enrolled 
in an initial 6-month, open-label trial that compared the effects of combined enzyme and 
miglustat therapy with miglustat therapy alone. Following the open-label trial, patients were 
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given the choice of receiving either miglustat alone or in combination with ERT for a further 
18 months. In practice, all patients received miglustat monotherapy. At the end of the extension 
period, all clinical end points indicated disease stabilisation.

Pastores and colleagues86 evaluated the effects of miglustat on bone manifestations and bone 
mineral density (BMD). They recruited 72 patients with GD1 who had previously participated in 
three multinational, open-label, clinical trials of miglustat. The data were collected over 2 years. 
Although 63% of patients reported bone pain when entering the study, 83% of patients reported 
no bone pain at 6, 12 and 24 months. The authors suggested the beneficial effect of miglustat 
on bone symptoms might be explained by its wide tissue distribution and by a direct effect on 
bone cells.

Giraldo and colleagues87 reported the results of an open-label 12-month study in which 25 
patients with mild to moderate GD1 were treated with miglustat. Ten patients were therapy naive, 
whereas 15 had previously been treated with ERT. At 6 months, the previously untreated group 
showed improvements in Hb, platelet counts and chitotriosidase levels that were comparable with 
those in the ERT-treated group.

A more recent study evaluated the efficacy and safety of miglustat, concomitant with ERT, in 
patients with type GD3.30 In the 24-month, Phase II, open-label, clinical trial, 30 patients were 
enrolled and were randomised 2 : 1 to receive miglustat or ‘no miglustat treatment’ for 12 months. 
The randomised phase was followed by an optional 12-month extension phase in which all 
patients received miglustat. All patients received ERT for the duration of the study. The primary 
efficacy end point was change from baseline in vertical saccadic eye movement velocity, and 
secondary end points included changes in neurological and neuropsychological assessments, 
pulmonary function, liver and spleen volumes, haematological and clinical assessments. 
No significant between-group differences in any of the neurological or neuropsychological 
evaluations were observed, but improvement in pulmonary function and a decrease in 
chitotriosidase levels were observed with miglustat plus ERT compared with ERT alone.

Enzyme replacement therapy
There are currently three licensed ERTs in the UK for non-neuropathic Gaucher disease (GD1) 
– alglucerase, imiglucerase and velaglucerase alpha. Imiglucerase is a modified form of human 
acid β-glucosidase and is produced by recombinant DNA technology using a mammalian CHO 
cell culture. Dosage is usually between 15 U/kg and 60 U/kg of body weight once every 2 weeks, 
but is individualised for each patient based on evaluation of all clinical manifestations of the 
disease.88 Velaglucerase alpha is produced in a human fibroblast cell line by recombinant DNA 
technology, and the recommended dose is 60 U/kg administered every other week.89 Imiglucerase 
was approved for use by the US FDA in 1994 and by the European Agency for Evaluation of 
Medicinal Products in 1997. Velaglucerase alpha was approved in both the USA and Europe 
in 2010.

There is a lack of good-quality randomised trials demonstrating the effectiveness of ERT in 
Gaucher disease. Individuals with GD1 report improved health-related quality of life (HRQoL) of 
life after 24–48 months of ERT.90–92 After prolonged treatment, ERT reduces the rate of bone loss 
in a dose-dependent manner,93 improves bone pain and reduces bone crises.94,95

Individuals with GD2 disease and pyramidal tract signs are not likely to respond to ERT, 
perhaps because the underlying neuropathology is cell death rather than lysosomal storage of 
glucosylceramide.96 It has been suggested that people with GD2 and those with hydrops fetalis are 
not appropriate candidates for a BMT, ERT or SRT.97,98
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There is evidence suggesting that individuals with GD3 disease appear to derive some benefit 
from ERT, although long-term prognosis remains to be defined for this heterogeneous group.99 
Onset of progressive myoclonic seizures while on ERT appears to indicate a poor prognosis.70 
Brain stem auditory evoked responses have been reported to deteriorate in individuals with GD3 
disease on ERT.97

A Health Technology Assessment (HTA)-commissioned systematic review of the clinical 
effectiveness and cost-effectiveness of ERT for Gaucher disease18 identified 63 studies that 
fulfilled their inclusion criteria. Of these, only two were RCTs.100,101 Grabowski and colleagues100 
compared the effectiveness of the placental enzyme alglucerase with the recombinant enzyme 
imiglucerase, whereas the study by Schiffmann and colleagues101 was the only study identified 
that compared ERT with a concurrent, randomised control arm with no ERT.

Grabowski and colleagues100 conducted a double-blind, parallel-group randomised trial of 30 
patients with GD1, randomised to receive alglucerase or imiglucerase, infused every 2 weeks for 
9 months, both at a dose of 60 U/kg. Hb levels, platelet counts,and serum acid phosphatase and 
angiotensin-converting enzyme activities were monitored routinely, and liver and spleen volumes 
were assessed at baseline and after 6 and 9 months on treatment. No significant differences were 
found in the rate or extent of improvement in outcome measures in either treatment group, and 
no major immunological adverse events (AEs) occurred in either group.

Schiffmann and colleagues101 randomised 29 splenectomised Gaucher patients into three groups 
receiving vitamin D analogue (calcitriol), ERT (alglucerase or imiglucerase) or calcitriol plus ERT 
for 6 months.101 All patients received alglucerase/imiglucerase for a further 18 months, such that 
the cumulative dose at 24 months was the same in each arm. The primary outcome measure was 
BMD of the lumbar spine measured by single-energy quantitative computerised tomography; 
the group hypothesised that ERT would increase bone density and that calcitriol might further 
enhance the skeletal response to this therapy. Other outcomes measured included bone marrow 
fat fraction, liver volume and Hb and platelet levels. The group reported that bone density 
declined in all groups with no significant difference between the groups. Conversely, Hb, platelet 
counts and liver volume significantly improved in all groups.

All the other studies identified by Connock and colleagues18 were considered to be of moderate 
quality at best and none had reliable comparator data. Although data were suggestive of benefit 
from ERT, the overall conclusion was that there was a paucity of high-quality evidence and that 
it was therefore difficult to reliably estimate whether or not any reported effects translated into 
improved patient well-being and survival, or an altered need for health services. The studies 
reported improvements in haematological parameters and in hepatomegaly and splenomegaly, 
with most parameters tending to return towards normal ranges in the majority of patients 
after a year or more of treatment. For organomegaly and Hb, the rates and extent of response 
were reported to have been greater the more severe the pre-ERT condition. Platelet levels 
were reported to have improved more slowly. For most people liver size was reduced to near 
1.2 times that expected and the spleen was reduced by 5- to 10-fold. ERT was also reported 
to have a beneficial effect on bone crises and fracture rate, as well as on pain, although the 
quantitative evidence for these benefits was described by the authors of the HTA report as being 
‘extremely weak’.

An analysis by Weinreb and colleagues,102 of physician-reported data from 1028 patients on 
the International Collaborative Gaucher Group Gaucher Registry, attempted to overcome 
the problems associated with small numbers of patients in previously reported studies. The 
authors describe the effects of 2–5 years of treatment with alglucerase or imiglucerase on 
specific manifestations of GD1, and reported short-term efficacy of this treatment. Among 
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anaemic patients, Hb concentration was reported to increase to normal or near normal within 
6–12 months, with a sustained response through to 5 years. In thrombocytopenic patients 
with intact spleens, the most rapid response occurred during the first 2 years, with slower 
improvement thereafter. The likelihood of achieving a normal platelet count decreased with 
increasing severity of baseline thrombocytopenia. In patients who had undergone splenectomy, 
platelet counts returned to normal within 6–12 months. In non-splenectomised patients, 
splenomegaly decreased 50–60%, but rarely to volumes below five times normal size, while 
hepatomegaly decreased by 30–40% during follow-up. In patients with pre-treatment bone pain 
or bone crises, 52% (67/128) were pain free after 2 years and 94% (48/51) reported no additional 
crises. The authors argued that ERT prevents progressive manifestations of Gaucher disease, and 
ameliorates Gaucher disease-associated anaemia, thrombocytopenia, organomegaly, bone pain 
and bone crises.

A similar analysis of data from 884 children with GD1 on the Gaucher Registry sought to 
determine the effects of long-term ERT with alglucerase or imiglucerase on haematological and 
visceral manifestations, linear growth and skeletal disease.103 The authors reported that within 
8 years of ERT, most clinical parameters studied became normal or nearly normal.

A 9-month, Phase I/II, open-label, single-centre trial and ongoing extension study was conducted 
to evaluate safety and efficacy of velaglucerase alpha.104–106 Twelve symptomatic adult GD1 
patients with intact spleens received velaglucerase alpha (60 U/kg) every other week for a total of 
20 doses. An extension study was offered to patients completing the trial where step-wise dose 
reduction to 30 U/kg per infusion was instituted. Statistically significant improvements were 
reported in mean percentage change from baseline to 9 months and baseline to 48 months, for 
Hb, platelet counts, normalised liver volume and normalised spleen volume.104 The effects of 
velaglucerase alpha on BMD were reported separately106 and indicated statistically significant 
improvements in lumbar spine and femoral neck BMD. No drug-related serious AEs and no 
antibodies were observed.

Safety  Regular intravenous infusions of the recombinant enzyme have been demonstrated to be 
safe and effective in reversing those features resulting from haematological and visceral (liver/
spleen) involvement.102,104 It is likely that end-stage histological changes (e.g. fibrosis, infarction) 
influence the response to ERT. Thrombocytopenia may persist in individuals with residual 
spleneomegaly and/or the presence of splenic nodules.107 ERT appears to be well tolerated. 
Approximately 10–15% of individuals develop antibodies to infused imiglucerase, whereas 
antibody formation has been reported in 1% of persons receiving velaglucerase. In most cases 
these individuals remain asymptomatic.108,109 Adverse effects (e.g. pruritus, hives) are relatively 
well controlled with premedication using antihistamines.

Cost-effectiveness  The only cost-effectiveness analysis performed to date is by Connock 
and colleagues,18 who conducted a cost-effectiveness analysis based on UK costs in 2006. In 
this analysis, even assuming that ERT restores people with Gaucher disease to full health for 
their remaining lives, the incremental cost-effectiveness of ERT is more than 10 times above 
the usually accepted threshold for what constitutes ‘good value for money’ when using NHS 
resources to improve health. The authors emphasise that owing to the weak research evidence 
base, extreme uncertainty surrounds these cost-effectiveness estimates. However, even with 
the most favourable possible assumptions their analysis concluded that the incremental cost-
effectiveness of ERT appears prohibitive given current drug costs.

A summary of the main evidence from RCTs and other studies on the efficacy and safety of ERT 
and SRT for Gaucher disease is provided in Tables 2 and 3, respectively. 
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Fabry disease
Aetiology
Fabry disease (also known as Anderson–Fabry disease; OMIM 301500) results from absolute or 
partial deficiency of the enzyme α-Gal A and the subsequent progressive accumulation of Gb3 
[also known as ceramide trihexoside (CTH)] in the lysosomes of cells in almost all organs of the 
body,110 particularly the heart, kidneys and nerve tissue. The exact mechanisms by which Gb3 
storage leads to clinical features including organ dysfunction are unknown.

Clinical features
Clinical presentation of Fabry disease can be broadly divided into a classical form (occurring in 
males with less than 1% α-Gal A enzyme activity) a later-onset variant in males with greater than 
1% α-Gal A activity, and heterozygous females.

Classical males
The classical form usually has its onset in childhood or adolescence with crises of severe pain 
in the extremities (acroparaesthesias), vascular cutaneous lesions (angiokeratomas), sweating 
abnormalities (hypohidrosis or anhidrosis), characteristic corneal and lenticular opacities, 
abdominal pain and proteinuria. Gradual deterioration of renal function to end-stage renal 
disease (ESRD) usually occurs in men in the third to fifth decade of life. In middle age, most 
males successfully treated for ESRD develop cardiovascular and/or cerebrovascular disease.

Angiokeratomas appear as clusters of individual punctate, dark red to blue-black angiectases in 
the superficial layers of the skin, present especially around the mouth, genitals and umbilicus.111

Pain (acroparaesthesias) occurring as episodic crises of agonising, burning pain in the distal 
extremities most often begins in childhood or early adolescence and signal clinical onset of 
the disease. These crises are of variable length and are usually triggered by exercise, fatigue, 
emotional stress or rapid changes in temperature and humidity.

Anhidrosis, or hypohidrosis, is an early and almost constant finding. Hyperhidrosis may 
also occur.112

Ocular involvement can include the cornea, lens, conjunctiva and retina. A characteristic 
corneal opacity, termed cornea verticillata and observed only by slit-lamp microscopy, is found 
in affected males and most heterozygous females. Aneurysmal dilatation and tortuosity of 
conjuctival and retinal vessels also occur.113

Cardiovascular disease is present in most males with the classic phenotype by middle age. Left 
ventricular hypertrophy, valvular involvement and conduction abnormalities are early symptoms. 
Arrhythmias are common and range from a short PR interval through heart block to atrial 
fibrillation, supraventricular and ventricular tachycardias. Echocardiography demonstrates 
an increased thickness of the interventricular septum and the left ventricular posterior wall.114 
Angina, palpitations/arrhythmia and exertional dyspnoea have been found in 23–27% of males 
and 22–25% of females.115 Hypertension, angina pectoris, myocardial ischaemia and infarction, 
congestive heart failure and severe mitral regurgitation are late signs.

Cerebrovascular manifestations result from multifocal small vessel involvement and can include 
thrombosis, transient ischaemic attacks (TIAs), basilar artery ischaemia and aneurysm, seizures, 
hemiplegia, hemianesthesia, aphasia, labyrinthine disorders or frank cerebral haemorrhage.116 
Rolfs and colleagues117 reported that in Germany, a GLA mutation was identified in 21 of 432 
males (4.9%) and 7 of 289 females (2.4%) aged 18–55 years suffering cryptogenic stroke, while 
others have challenged this figure.118
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Gradual deterioration of renal function usually occurs in the third to fifth decade of life, although 
ESRD has been reported in the second decade. Glycosphingolipid deposition in intestinal 
small vessels and in the autonomic ganglia of the bowel may cause episodic diarrhoea, nausea, 
vomiting, bloating, cramping abdominal pain and/or intestinal malabsorption.119

Other common clinical manifestations include high-frequency hearing loss, tinnitus and 
dizziness as a result of cranial nerve VIII involvement.120 Progressive glycosphingolipid 
deposition in the lymphatic vessels and lymph nodes results in irreversible lymphoedema 
requiring treatment with compression hosiery, whereas several affected individuals have had 
pulmonary involvement, manifesting clinically as chronic bronchitis, wheezing or dyspnoea.121 
Depression, anxiety, severe fatigue and other psychosocial manifestations lead to decreased 
quality of life (QoL) in many affected individuals.122

Late-onset Fabry disease
Individuals who present at a later age often lack the characteristic skin lesions and 
acroparaesthesias, but may have ESRD or cardiac manifestations, and are at risk of neurological 
complications such as stroke/TIA. Two organ-specific variants have been described where one 
organ is predominantly affected and there is mild involvement in other organs.

Cardiac variant males with cardiac disease are asymptomatic during most of their lives and 
present in the sixth to eighth decade of life with left ventricular hypertrophy, mitral insufficiency 
and/or cardiomyopathy, and mild to moderate proteinuria with normal renal function for age. 
Many have been diagnosed as a result of having hypertrophic cardiomyopathy (HCM). Screening 
of males with ‘late-onset’ HCM found that 6.3% who were diagnosed at or after 40 years of age 
and 1.4% of males who were diagnosed before 40 years of age had low α-Gal A enzyme activity 
and GLA gene mutations.123 Cardiac variants may thus be underdiagnosed among affected 
individuals with cardiomyopathies.

Renal variants were identified among Japanese individuals on chronic haemodialysis in whom 
ESRD had been misdiagnosed as chronic glomerulonephritis.124 The early symptoms of classic 
Fabry disease may not occur in individuals with the renal variant who develop renal insufficiency.

Heterozygous females
Heterozygous females typically have milder symptoms and a later age at onset than males. 
Severity may range from relatively asymptomatic throughout a normal lifespan to symptoms 
as severe as those observed in males with the classic phenotype. Manifestations include the 
characteristic cornea verticillata (70–90%) and lenticular opacities that do not impair vision; 
pain/tingling in the extremities (acroparethesias) (50–90%); angiokeratomas (10–50%) that are 
usually isolated or sparse; and hypohidrosis. In addition, females may have chronic abdominal 
pain and diarrhoea (Gupta and colleagues125). With advancing age, females may develop mild 
to moderate enlargement of the left heart (left ventricular hypertrophy) and valvular disease, 
myocardial ischaemia and infarction, cardiac arrhythmias, TIA, strokes and ESRD.126–128 Excessive 
guilt, fatigue, occupational difficulty, suicidal ideation and depression have been noted.129

Epidemiology
The cumulative prevalence of Fabry disease is estimated to be approximately 1 : 50,000 (2 per 
100,000) males.130 Recent reports have estimated population prevalences ranging from 1 : 80,000 
(1.25 per 100,000) to 1 : 117,000 (0.85 per 100,000).5,130 However, milder forms of the disease that 
present later in life and primarily affect the cardiovascular, cerebrovascular or renal system may 
be more common and may be underdiagnosed, suggesting that the true prevalence is likely to 
be higher.
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Fabry disease is found among all ethnic, racial and demographic groups.

Diagnosis
The vast array of symptoms seen in Fabry disease can mean that it is difficult to diagnose. In 
males, the most reliable method for the diagnosis of Fabry disease is the demonstration of 
deficient α-Gal A enzyme activity in plasma, isolated leucocytes and/or cultured cells. However, 
in females, measurement of α-Gal A enzyme activity is unreliable. Although demonstration of 
decreased α-Gal A enzyme activity is diagnostic of the heterozygote state, many females have 
normal α-Gal A enzyme activity. Molecular genetic testing is therefore the most reliable method 
for the diagnosis of carrier females.

Inheritance
Unlike most other LSDs, Fabry disease is inherited in an X-linked manner. A female heterozygote 
has a 50% chance of transmitting the GLA mutation in each pregnancy. An affected male 
transmits his mutation to all of his daughters.

Management
Symptomatic management
Carbamazepine or gabapentin may be used to reduce the pain caused by the acroparaesthesias, 
whereas the addition of angiotensin-converting enzyme (ACE) inhibitors and angiotensin-
receptor blockers is reported to slow the decline of renal function.131

Enzyme replacement therapy
Two enzyme replacement products using recombinant or gene-activated human α-galactosidase 
A enzyme are available: agalsidase alpha and agalsidase beta. Agalsidase alpha is produced using 
a genetically engineered human fibroblast cell line and has a recommended dose of 0.2 mg/kg 
body weight administered once every 2 weeks as an intravenous infusion.132 Agalsidase beta 
is produced using a CHO cell line and has a recommended dose of 1 mg/kg body weight 
administered once every 2 weeks as an intravenous infusion.133 Both therapies were approved 
in 2001 by the European Agency for Evaluation of Medicinal Products and agalsidase beta was 
approved by the FDA for use in the USA in 2003.

A 2006 HTA-commissioned systematic review of effectiveness and cost-effectiveness,19 which 
included studies of both forms of ERT, identified three randomised placebo-controlled trials, 
all described below,134–136 (n = 70; duration 5–6 months) and 11 observational, non-comparative, 
before-and-after studies (n = 493; duration up to 24 months). The three controlled trials134–136 
included a total of 27 patients on agalsidase beta and 21 patients on agalsidase alpha. The 
studies, summarised below,134–136 were small, of short duration and looked at different outcome 
measures, making direct comparisons difficult. There was no convincing evidence for an effect on 
neurological events including the risk of TIA or stroke. The review concluded that overall results 
suggested some beneficial effect of ERT on measures of pain and cardiovascular function and an 
apparent stabilisation of renal function.

Eng and colleagues137 evaluated the safety and effectiveness of agalsidase beta in a multicentre, 
randomised, placebo-controlled, double-blind study. Fifty-eight, predominantly male, patients 
were treated biweekly for 20 weeks with agalsidase beta (11 doses of 1 mg/kg). The primary 
efficacy end point in this study was the percentage of patients in each group who were free of 
microvascular endothelial deposits of Gb3 in renal-biopsy specimens after 20 weeks of treatment. 
This end point was reached by 20 of the 29 patients (69%) in the treatment arm, compared 
with none of the 29 patients in the placebo group (p < 0.001). Individuals in the treated group 
also had decreased microvascular endothelial deposits of Gb3 in the skin (p < 0.001) and heart 
(p < 0.001) compared with those receiving the placebo. Similar results were reported for patients 
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enrolled in the open-label study extension; renal scores were maintained or further decreased 
for 95% of those who received 6 months of open-label treatment. The authors reported that mild 
to moderate infusion reactions (i.e. rigors and fever) were more common in the agalsidase beta 
treated group than in the placebo group.

Another trial using agalsidase beta134 measured the effect of therapy on neuropathic pain in the 
absence of neuropathic pain medications. Twenty-six hemizygous male patients aged ≥ 18 years 
were treated with 0.2 mg/kg biweekly for 6 months (12 doses in total). Mean neuropathic Pain 
Severity Score [measured using question three of the Brief Pain Inventory (BPI)] declined in 
patients treated with agalsidase beta, whereas no significant change was measured in the placebo 
group. The authors also reported a reduction in plasma glycosphingolipid levels, a significant 
improvement in cardiac conduction and a significant increase in body weight in patients treated 
with agalsidase beta.

In a RCT that was published after the publication of the Connock and colleagues review,19 the 
safety and efficacy of ERT on the cardiac manifestations of Fabry disease was assessed. Fifteen 
hemizygous adult male patients (median age 37 years) with Fabry disease were randomised to 
receive placebo (n = 8) or ERT with agalsidase alpha (n = 7).138 Patients in the treatment arm 
were given 0.2 mg/kg every 2 weeks for 6 months and all subjects subsequently received open-
label ERT for an additional 24 months. Left ventricular mass (LVM), as measured by magnetic 
resonance imaging (MRI), was significantly reduced following 6 months of treatment with 
agalsidase alpha compared with placebo (p = 0.041). A mean 20% reduction in myocardial Gb3 
content, as assessed by serial transvenous endomyocardial biopsies, was demonstrated over the 
6 months of ERT compared with a mean 10% increase in patients receiving placebo (p = 0.42).

A separate analysis of the effect of agalsidase alpha on hearing loss in the Fabry disease patients 
enrolled in the above study was conducted135 and was included in the Connock and colleagues 
review.19 The effect of hearing loss was measured by pure-tone audiometry, impedance 
audiometry and otoacoustic emission. In patients who received treatment for a further 
24 months, ERT with agalsidase alpha was reported to reverse the hearing deterioration above 
baseline. This improvement occurred in 15 out of 20 ears and did not appear to be dependent on 
the initial severity of hearing loss.

More recently, a Phase IV, randomised, double-blind, placebo-controlled trial of agalsidase beta 
reported a reduction in clinical progression of the disease in treated patients with respect to renal, 
cardiac and CNS events.139 Eighty-two patients attending 41 referral centres in nine countries 
were randomised 2 : 1 to receive agalsidase beta compared with placebo and the primary end 
point was the time to first clinical event (renal, cardiac or cerebrovascular event, or death). 
Thirteen (42%) of the 31 patients in the placebo group and 14 (27%) of the 51 patients in the 
agalsidase beta group experienced clinical events during the treatment period.

These findings are consistent with studies that have reported that agalsidase beta improves or 
stabilises cardiac function140 and renal function.141

In other uncontrolled studies, treatment with agalsidase alpha has also been reported to stabilise 
renal function, cardiac abnormalities and pain,142 improve QoL,143 reduce abnormal cerebral 
perfusion and resolve abnormally increased cerebrovascular blood flow.144–146

There is little evidence for the efficacy of agalsidase beta or agalsidase alpha in children as there 
are only a few published studies and no RCTs. An open-label study of 14 male and two female 
paediatric patients (aged 8–16 years) treated with agalsidase beta at 1 mg/kg every 2 weeks for 
49 weeks reported a reduction in Gb3 accumulation in dermal endothelium.147 Schiffmann and 
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colleagues148 reported the results of a 4-year prospective, open-label, clinical trial of agalsidase 
alpha in one female and 16 male patients (aged 7.3–18.4 years) with Fabry disease. The authors 
reported improvement of Fabry disease-related features including reduced plasma Gb3 levels, 
improved pain (as assessed by the BPI) and improved heart rate variability.

Agalsidase alpha versus agalsidase beta  The efficacy and tolerability of the two agalsidase 
preparations administered at identical protein dose was compared in a open-label RCT in 
the Netherlands and Norway. Thirty-four Fabry patients aged 24–76 years with severe renal 
impairment proteinuria greater than 1 g/l, treated with either agalsidase alpha or agalsidase beta 
at 0.2 mg/kg biweekly, showed no difference in the reduction of LVM (the primary end point) or 
other disease parameters after 12 or 24 months of either treatment.149 The authors reported that 
treatment failure occurred frequently in both groups and seemed to be related to age and severity 
of disease pre treatment.

Safety  Enzyme replacement therapy appears to be well tolerated by patients with Fabry disease. 
For example, a European study150 indicated that ERT was safe and well tolerated in 15 severely 
affected female heterozygotes that were treated for up to 55 weeks. In addition, the safety of 
both agalsidase alpha and beta in young children has been demonstrated in several open-label, 
clinical trials.147,148,151,152 The development of antibodies to treatment has been reported with both 
preparations, although there is no clear evidence that this affects clinical efficacy.153 Deegan154 
recently published a summary of the immune response of Fabry patients to ERT.

The more common side effects of both agalsidase preparations are infusion reactions including 
headache, flushing (redness), nausea, chills, fever, general pain or discomfort and tiredness. 
Serious anaphylactic and allergic reactions are less common.

Cost-effectiveness  Connock and colleagues19 conducted a cost-effectiveness analysis of ERT 
in Fabry disease. The conclusions were similar to those found in the review of ERT in Gaucher 
disease. The efficacy data were acknowledged to be poor, resulting in considerable uncertainty 
around all estimates. Even where the model was based on the most favourable possible 
assumptions, applying conventional thresholds of societal willingness to pay for health gains for 
the UK NHS [£30,000 per quality-adjusted life-year (QALY)] and current treatment prices, the 
authors concluded that ERT (either agalsidase alpha or agalsidase beta) for Fabry disease was 
highly unlikely to be considered to be cost-effective.

A summary of the main evidence from RCTs and other studies on the efficacy and safety of 
agalsidase alpha and agalsidase beta for Fabry disease is presented in Table 4.

Mucopolysaccharidoses
Aetiology
The mucopolysaccharidoses are a family of disorders caused by inherited defects in the 
catabolism of sulphated components of connective tissue known as GAGs. Different 
mucopolysaccharidoses are caused by different enzyme deficiencies leading to the accumulation 
of biochemically different GAG degradation products.

Clinical features
Seven distinct clinical types and numerous subtypes of the mucopolysaccharidoses have 
been identified and are commonly referred to by the name of the clinician who first 
described the condition. They include MPS IH (Hurler), MPS IS (Scheie), MPS II (Hunter), 
MPS III (Sanfilippo), MPS IV (Morquio), MPS VI (Maroteaux–Lamy), MPS VII (Sly) and 
MPS IX (Natowicz).
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Mucopolysaccharidosis type I: Hurler, Hurler–Scheie and 
Scheie disease
Mucopolysaccharidosis type I is caused by deficient activity of the enzyme α-l-iduronidase 
(IDUA) leading to the accumulation of GAGs, dermatan sulphate (DS) and heparan sulphate 
(HS). The accumulation of GAGs in many tissues including connective tissue, brain, heart and 
liver, in turn leads to skeletal abnormalities, respiratory problems, joint problems, developmental 
delay and other issues such as corneal cloudiness, enlarged liver and spleen, recurrent hernias 
and heart disease.

There are three subtypes of MPS I: type IH (Hurler disease; OMIM 607014) that presents in the 
first year of life, has severe neurological symptoms and a life expectancy of only one decade; 
MPS IHS (Hurler–Scheie disease; OMIM 607015) is an intermediate form with a life expectancy 
of only 2–3 decades; and MPS IS (Scheie; OMIM 607016) is an attenuated form with later 
presentation and longer life expectancy than MPS IH and MPS IHS.

In its severe, classical form, Hurler disease exhibits the full range of features seen in a LSD. 
Infants are usually normal at birth but a spinal gibbus may be noted by the parents during 
the first 6 months of life.5 Umbilical and inguinal herniae are common, as is the early onset 
of recurrent upper respiratory tract infections. Between 6 and 9 months the facial appearance 
changes, commonly described as ‘coarse’, with mid-facial hypoplasia, frontal bossing and 
an enlarged tongue. Airway involvement leads to upper airway obstruction and, with time, 
enlargement of the liver and spleen, cardiac valve disease and dysostosis multiplex lead to a 
very characteristic clinical phenotype. Progressive cognitive impairment occurs and with no 
treatment, most infants die in the first decade of life from cardiorespiratory disease.

Clinical features in patients with MPS IH/S and MPS IS are extremely heterogeneous and there 
is considerable overlap in phenotypes. Generally cognitive impairment is slight or absent and 
the main abnormalities are progressive joint, heart valve, respiratory disease and corneal disease. 
Hepatosplenomegaly and dysostosis multiplex are very variable. Patients with severe MPS IH/S 
die in their second or third decade from cardiac or respiratory disease, while the most attenuated 
MPS IS patients can have a normal life expectancy albeit with significant disability.155

Mucopolysaccharidosis type II: Hunter disease
Mucopolysaccharidosis type II (MPS II or Hunter syndrome; OMIM 309900) is an X-linked 
recessive disease caused by the deficiency of the lysosomal enzyme iduronate-2-sulphatase (I2S), 
resulting in an accumulation of DS and HS. In most parts of the world the disorder is not as 
prevalent as MPS I (1 : 162,0005) but has the same degree of heterogeneity. The mean age at onset 
of symptoms is a little later than in MPS I (1.5 years) and diagnosis is usually made later as well 
(3.5 years156). Although X-linked and primarily affecting boys, a number of affected females have 
been reported.157

Patients with MPS II are usually divided into ‘severe’ or ‘attenuated’ variants depending on the 
presence or absence of cognitive impairment. There is often considerable overlap between these 
two groups. Severe patients with CNS disease have organ involvement similar to MPS IH, but the 
cornea generally remain clear in contrast to the progressive clouding that is a feature of both MPS 
I and MPS VI. Generally the dyostosis is milder and most patients will survive without treatment 
up to their mid-teenage years.

Patients with ‘mild’ or attenuated disease are at risk from progressive cardiac valve disease, 
restrictive respiratory disease and cervical myelopathy due to ligamentous and dural hyperplasia. 
Despite these complications many patients with the attenuated form will survive into middle age 
and a number have gone on to have their own families.
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Epidemiology
The estimated birth prevalence for all types of MPS is around 3.5 in 100,000 live births.158 In the 
UK, Connock and colleagues19 calculated the birth prevalence of MPS I (from data collected 
between 1981 and 2003) as 1.07 per 100,000 births.19 The birth prevalence of MPS II among UK 
males has been reported as approximately 1 in 130,000 (0.8 per 100,000) male live births.159

Diagnosis
A clinical diagnosis of the mucopolysaccharidoses can often be made through examination and 
measurement of urinary GAGs. Enzyme assays must be used to provide a definitive diagnosis. 
Prenatal diagnosis using amniocentesis and chorionic villus sampling can verify if a fetus either 
carries a copy of the defective gene or is affected with the disorder.

Management
All MPS disorders demonstrate significant clinical heterogeneity with severe and attenuated 
phenotypes. Disease-modifying treatments are available for MPS I (both mild and 
attenuated phenotypes), MPS II (non-neurological phenotype) and MPS VI (both severe and 
attenuated phenotypes).

Treatment of mucopolysaccharidosis
Haematopoietic stem cell transplantation
Haematopoietic stem cell transplantation has been tried in all MPS disorders but is currently 
recommended only in MPS IH. Although it has some effect in MPS VI, almost all patients are 
now offered recombinant ERT. For reasons that are not clearly understood the results in MPS 
II have been very disappointing and so in most centres this disorder is no longer considered as 
appropriate for HSCT.

Haematopoietic stem cell transplantation is now regarded as the standard therapy for MPS IH.160 
Patients are commonly given a period of ERT prior to the transplant. Increasingly, umbilical cord 
blood is being used as the source of donor cells. In early-treated patients there is rapid resolution 
of hepatosplenomegaly, decline in urine GAG excretion and improvement in respiratory function 
and cardiomyopathy, while cardiac valve disease often progresses. The coarse hair and facial 
features soften and become more normal. Importantly, HSCT can stabilise neurological decline 
assuming the development quotient (DQ) before transplantation is reasonable (greater than 70). 
However, skeletal disease is resistant to treatment and kyphoscoliosis, hip dysplasia and genu 
valgum deformities often require complex surgery. The role and results of HSCT in MPS IH have 
been reviewed recently.161

Enzyme replacement therapy in mucopolysaccharidosis type I
Recombinant ERT (recombinant human IDUA, laronidase) is used to treat patients with 
attenuated MPS I. Laronidase is licensed for intravenous administration for symptomatic MPS IS 
and MPS HS patients. Approval was granted by both the FDA and the European Agency for the 
Evaluation of Medicinal Products in 2003, with a recommended dose of 0.58 mg/kg body weight 
every week.

There is a paucity of high-quality evidence for the efficacy of ERT in MPS I. The HTA-
commissioned systematic review of effectiveness and cost-effectiveness of ERT in MPS I19 
identified a single placebo-controlled RCT162 and one Phase I/II observational study.163 Both 
studies, described below, reported some evidence suggesting efficacy.

Kakkis and colleagues163 undertook an observational study of 10 patients aged 5–22 years, treated 
with laronidase weekly for 52 weeks. The authors reported decreased hepatosplenogmegaly in all 
patients. They also reported a significant increase in the range of motion of shoulder flexion and 
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elbow extension, and a 61% decrease in the number episodes of apnoea and hypopnoea. In the 
six prepubertal patients, the rate of growth in height and weight increased by a mean of 85% and 
131%, respectively, at 52 weeks of treatment.

Wraith and colleagues160 reported a double-blind, placebo-controlled, randomised clinical 
trial of laronidase in patients (age range 6–43 years) with attenuated MPS I. Twenty-two of 45 
patients were randomised to receive 0.58 mg/kg laronidase intravenously for 26 weeks. The 
efficacy end points compared the median change from baseline to week 26 between groups in 
percentage of predicted normal forced vital capacity (FVC) and in 6-minute walk test distance. 
After 26 weeks of treatment, patients receiving laronidase showed a mean 5.6% increase in the 
per cent of predicted normal FVC compared with the placebo group. The treatment group also 
showed a mean 38.1 m increase in the distance walked in the 6-minute walk test compared with 
the placebo group. In addition, laronidase was reported to reduce urine GAG excretion, reduce 
mean liver volume and, in more severely affected patients, improve sleep apnoea/hypopnoea and 
shoulder flexion.

The 45 patients who completed the 26-week, placebo-controlled trial, described above, were 
subsequently enrolled in a 3.5-year, open-label, extension study.164 The per cent predicted FVC 
remained stable over the course of treatment, and the 6-minute walk distance increased by 
an average of 31.7 m in the first 2 years, with a final gain of 17.1 m. Improvements in the sleep 
apnoea/hypopnoea and shoulder flexion were most rapid during the first 2 years, whereas urinary 
glycosaminoglacan levels declined rapidly (60–70% reduction in most patients) during the first 
12 weeks of treatment and then plateaued thereafter but did not reach normal levels.

Safety  Clarke and colleagues164 reported laronidase to be well tolerated in all but one patient, 
who experienced an anaphylactic reaction. A two-centre study of 17 MPS I patients aged between 
1 and 35 years reported that ERT could be safely given within the patient’s home.165 Serious 
and sometimes fatal allergic reactions have occurred with use of laronidase, and some patients 
experience hives, difficulty breathing and/or swelling of the face, lips, tongue or throat.

Cost-effectiveness  The authors of the HTA-commissioned review19 concluded that the lack of 
data related to natural history, efficacy and the highly heterogeneous nature of the conditions 
meant that it would not be appropriate to attempt a cost-effectiveness analysis. They nonetheless 
argue that the extremely high costs of ERT in this condition mean that it is unlikely that, even 
if the treatment is highly effective, it would meet the current thresholds for cost-effectiveness. 
As with Gaucher disease and Fabry disease, this argument is crucially dependent on current 
drug costs.

A summary of the main evidence from RCTs and other studies on the efficacy and safety of 
laronidase for MPS I is presented in Table 5.

Enzyme replacement therapy in mucopolysaccharidosis type II
Idursulfase is licensed for treatment of patients with MPS II in the USA and the European Union 
(EU), gaining marketing approval by the FDA in 2006 and EMA in 2007. There have been few 
reports of the long-term efficacy of this treatment.

In a randomised, double-blind, placebo-controlled trial, 12 patients were randomised to receive 
idursulfase at 0.15, 0.5 or 1.5 mg/kg infused every other week, or placebo, for 24 weeks, followed 
by an open-label extension.167 The primary end point was a change in urinary excretion of GAGs 
from baseline. Urinary GAGs decreased within 2 weeks of initiating treatment, and further 
decreased by 59% after 48 weeks on treatment. Both liver and spleen volume were decreased at 
24 weeks and 48 weeks. The distance walked in 6 minutes increased an average of 48 metres after 
48 weeks.
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In a multinational, Phase II/III, clinical study of idursulfase in MPS II, Muenzer and colleagues167 
reported a double-blind, placebo-controlled, clinical trial in which 96 patients with MPS II 
were randomised to receive placebo infusions, weekly infusions of idursulfase at 0.5 mg/kg or 
fortnightly infusions of idursulfase at 0.5 mg/kg. The primary end point used was a composite of 
distance walked in 6 minutes and the per cent of predicted FVC based on the sum of the ranks 
of change from baseline. Patients in the weekly and fortnightly idursulfase groups exhibited 
significant improvement in the composite end point compared with placebo after 1 year 
(p < 0.005 and p < 0.05, respectively). The weekly dosing group experienced a 37 m increase in the 
6-minute walk distance, a 2.7% increase in per cent of predicted FVC and a 160 ml increase in the 
absolute FVC compared with placebo group at 53 weeks.

Safety  In the Muenzer and colleagues study,167 treatment with idursulfase was generally well 
tolerated in both groups and most infusion-related complications were mild. Antibodies to the 
infused proteins developed in many patients but these were often transient and their long-term 
impact remains unclear. Some of the more common side effects of idursulfase include anxiety, 
headache, irritability, pain, swelling or redness at the infusion site and stomach upset.

A summary of the main evidence from RCTs and other studies on the efficacy and safety of 
idursulfase is presented in Table 6.

Pompe disease
Aetiology and classification
Pompe disease (otherwise known as glycogen storage disease type II or acid maltase deficiency; 
OMIM 232300) is caused by a deficiency in the lysosomal enzyme acid α-glucosidase. This leads 
to an accumulation of glycogen within the cells, particularly within striated muscle. Although 
lysosomal dysfunction is at the heart of the disease, the exact pathophysiology is as yet unclear. 
The clinical manifestations are believed to be due to secondary effects of lysosomal dysfunction 
such as mitochondrial malfunction and autophagy.171

There is a spectrum of disease severity. Traditionally the disease is classified according to age at 
onset172 and, at present, is generally divided into infantile onset and late onset.173,174 Complete 
deficiency of α-glucosidase causes the progressively lethal infantile Pompe disease whereas 
partial deficiency leads to a milder late-onset phenotype. The latter condition may present 
at any age and is subdivided in non-classical infantile, childhood, juvenile and adult Pompe 
disease.173,175,176 What distinguishes the slower-onset form from the classical infantile form is the 
presence of cardiomyopathy in the infantile form.174

Clinical features
Adult onset
In both juvenile- and adult-onset disease the two main characteristics are respiratory compromise 
and a symmetrical proximal myopathy. These are both progressive but are independent of each 
other, with patients presenting with either or both the respiratory or the skeletal manifestations. 
In addition, some people may have swallowing difficulties, including involvement of the tongue, 
and skeletal deformities such as kyphoscoliosis.

As well as spinal deformities, there is an increased incidence of bone disease in the form of 
reduced bone density and mass.177,178

Although not a mode of presentation, abnormalities of the cerebral circulation have been 
described and these can cause cerebral haemorrhage.179
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44 Background

Infantile onset
Classic infantile onset  The infantile form of Pompe disease represents the severe end of the 
spectrum of enzyme deficiency with an estimated incidence of 1 : 138,000. Infants with the 
classic form of infantile-onset Pompe disease typically experience muscle weakness, hypotonia, 
hepatomegaly, early cardiac enlargement because of HCM, cardiac failure and respiratory 
failure. Infants usually have a slightly enlarged tongue with associated drooling and ‘wood hard’ 
character of lower limb muscles owing to glycogen accumulation. Cardiac involvement includes 
cardiomegaly, cardiomyopathy, left ventricular hypertrophy or electrocardiographic changes.174

Natural history studies suggest median ages of symptom onset at 1.6–2 months, ventilator 
dependency at 4.7 months and, if untreated, death from cardiorespiratory failure at 
6–9 months.174,180

Non-classic infantile onset  The non-classic form of infantile-onset Pompe disease is associated 
with slightly longer survival than classic disease, and usually appears by age 1 year. It is 
characterised by delayed motor skills and progressive muscle weakness. The heart may be 
abnormally large, but affected individuals usually do not experience heart failure. The muscle 
weakness in this disorder leads to serious breathing problems, and most children with non-classic 
infantile-onset Pompe disease live only into early childhood.

Epidemiology
The worldwide incidence of Pompe disease in adults is reported as between 1 in 40,000 (2.5 per 
100,000) and 1 in 60,000 (1.7 per 100,000).181,182 Although the disease seems to occur in all adult 
ethnic groups, the estimated frequency of Pompe disease may vary among different ethnic groups 
and nationalities and reported estimates range from 1 in 14,000 (7.1 per 100,000) to 1 in 300,000 
(0.3 per 100,000).172

The infantile form of this disease is rarer with an incidence of 1 in 138 000 (0.72 per 100,000). 
This disorder has a pan-ethnic distribution. In infants, the disease appears to be more common 
among African Americans and in southern China and Taiwan, whereas the prevalence of adults 
with Pompe disease may be comparatively high in the Netherlands.181

These estimates may actually be underestimates because of misdiagnosis and the presentation of 
some cases very late in life. Newborn screening in Taiwan has reported a prevalence of 1 in 4000 
(25 per 100,000), with many of those probably having the later-onset juvenile or adult forms of 
the disease.183

Diagnosis
Diagnosis of Pompe disease is usually based on natural history, decreased or absent α-glucosidase 
activity in muscle or skin biopsies, histopathology and GAA gene mutation analysis. Measuring 
creatine phosphokinase can be a marker as this is classically elevated in Pompe disease. 
Confirmation of the diagnosis is by measurement of α-glucosidase in leucocytes or, more 
recently, measuring the enzyme activity in blood spots.184 The gene encoding α-glucosidase has 
been identified and confirmation can now be done using gene mutation analysis.

Inheritance and genetics
Pompe disease is inherited as an autosomal recessive trait. The gene is found at 17q25.2–q25.3 
and is 20 exons long. Although over 200 mutations are described, the IVS1 – 3T → G accounts for 
about 50% of adult cases in Caucasians.185

Cross-reactive immunological material (CRIM) status affects treatment outcomes in Pompe 
disease infants.186 The presence of CRIM-negative disease seems to be higher in the infantile 
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population and seems to be associated with greater immunological reaction to ERT and 
poorer outcome.

Management
Symptomatic management
Prior to the development of ERT there was no disease-specific treatment for Pompe disease 
and patients were managed with supportive treatment and palliative care. Although these 
multidisciplinary approaches cannot generally alter the disease course, they may impact on QoL.

Enzyme replacement therapy
Adult Pompe disease
Human recombinant α-glucosidase (alglucosidase alpha) was licensed in Europe in 2006. It is 
administered in a dose of 20 mg/kg body weight intravenously every 2 weeks. In adults there has 
only been one placebo-controlled, clinical trial reporting modest improvement in respiratory 
function and muscle strength in Pompe patients.187 In this multicentre study with eight centres in 
the USA and Europe, 90 patients aged ≥ 8 years were randomly assigned 2 : 1 to receive biweekly 
intravenous alglucosidase alpha at 20 mg/kg body weight or placebo, for 78 weeks. All patients 
were ambulatory and free of invasive ventilation. At 78 weeks, significant differences were 
observed between the alglucosidase alpha and placebo groups in the two primary end points – 
distance walked during a 6-minute walk test and per cent of predicted FVC.

Several case reports and single cohort studies have been published and recently reviewed.188 In 
addition, ERT has been reported to lead to improvements in nutrition and body composition.189 
This is reported to be coupled with significant improvement in gastrointestinal function seen 
after 6 months of ERT.190

Infantile Pompe disease
The outcomes for the infantile forms of this disorder on ERT seem to be affected by age at 
diagnosis, CRIM status and immunological response towards the biological therapy.191

Enzyme replacement therapy for infantile Pompe disease has been reported to improve survival 
as well as cardiac, respiratory and motor functions.192,193 An open trial of 18 patients, aged 
≤ 7 months, with infantile Pompe disease, randomised to receive alglucosidase alpha at either 20 
or 40 mg/kg every other week for 52 weeks, reported an invasive ventilator-free survival of 88.9% 
at 18 months compared with a historical control group of 61 infants who had infantile Pompe 
disease, only one of whom survived to 18 months.192 In an extension of this study, the children 
continued to receive alglucosidase alpha at the original dose for up to 3 years. These children 
continued to exhibit the benefits of ERT at age 36 months, and over the entire study period it 
was reported that ERT reduced the risk of death by 95%, risk of invasive ventilation or death by 
91% and the risk of any type of ventilation or death by 87% compared with historical controls. 
However, the dramatic improvement in ventilator-free survival reported at 52 weeks on ERT 
was not sustained on longer follow-up, with reported ventilator-free survival rates of 66.7% at 
24 months and 49.4% at 36 months.193

A review of the treatment of infantile Pompe disease with alglucosidase alpha in the UK was 
published in 2010.194 At the time of reporting, a total of 20 infants had been treated with ERT 
since 2000. The results of the review suggested that the UK experience for infantile Pompe 
disease is not as good as that reported previously,192 with ventilator-free survival of 35%. The 
authors considered age at clinical presentation rather than age at commencement of treatment to 
be the overriding factor determining outcome in the UK cohort, and implied that ERT does not 
improve the outcome of the most severe cases.



46 Background

Safety
Enzyme replacement therapy is well tolerated in both juveniles and adults, although 
hypersensitivity reactions do occur in 5–8% but are easily managed.187

New therapies
Alternative ERTs are currently under investigation (Biomarin BMN-701: IGF2-GAA). Therapy 
with a small molecule chaperone has also been developed (Amicus therapeutics) and trials are 
underway. There has been a review of pre-clinical work of gene therapy in Pompe disease195 and 
one clinical trial has recently commenced.

A summary of the main evidence from RCTs and other studies on the efficacy and safety of 
alglucosidase alpha for adult and infantile Pompe disease is presented in Table 7.

Niemann–Pick disease type C
Niemann–Pick disease describes a heterogeneous group of lipid storage disorders, with 
common features of hepatosplenomegaly and sphingomyelin storage in reticuloendothelial and 
parenchymal tissues, with or without neurological involvement.196

Today, there are three commonly recognised forms of Niemann–Pick disease: Niemann–Pick 
types A (NPA), B (NPB) and C (NPC) was clinically differentiated from Niemann–Pick A and 
B by Crocker and Mays.197 Brady and colleagues12 subsequently demonstrated that NPA and 
NPB were caused by sphingomyelinase deficiency, whereas this enzyme was not deficient in 
NPC disease.

Aetiology
Niemann–Pick type C disease (OMIM 257220, 607625) is an atypical LSD in that it is caused not 
by an enzyme deficiency, but by problems in intracellular cholesterol transport, which leads to 
too much cholesterol in the liver and spleen and excessive amounts of other lipids in the brain, 
although sphingomyelin accumulation is not prominent.196 In NPC, the brain and other organs 
are affected, leading to progressive intellectual decline, loss of motor skills, seizures and dementia. 
Speech can become slurred and swallowing problems may develop. The rate at which the disease 
progresses varies greatly between patients; children who develop neurological symptoms in 
early childhood are thought to have a more aggressive form of the disease, others may remain 
symptom free for many years. NPC has been reported in all ethnic groups but it is most common 
among Puerto Ricans of Spanish descent.

Niemann–Pick type C disease is caused by mutations of either the NPC1 or NPC2 genes. 
Mutations of the NPC1 gene, which codes for an integral transmembrane protein,198 are 
responsible for about 95% of cases of NPC disease. The NPC2 gene codes for a soluble lysosomal 
protein,199 but there is no evidence to date that this is an acid hydrolase.

In patients with NPC disease, the pattern of accumulating lipids is different in brain and in non-
neural organs. In the liver and spleen, there is a complex pattern of accumulating products, with 
no predominating compound. Studies using cultured skin fibroblasts suggested that NPC disease 
was caused by a defect in esterification and export of cholesterol from the lysosome.200,201 The 
characterisation of the NPC1 and NPC2 genes has since given limited support to this hypothesis, 
and observations on the brains of patients and animal models of NPC disease have shown 
that in nervous tissue, storage of glycosphingolipids is much greater than that of cholesterol. 
The underlying cellular defect appears to be in lipid trafficking, but the precise pathogenic 
mechanisms are not yet fully understood.196
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50 Background

Clinical features
Like many other LSDs, NPC disease shows a spectrum of disease with an age at onset ranging 
from the perinatal period until the seventh decade of life.196 NPC disease tends to be a 
neurovisceral condition, but visceral and neurological manifestations arise at different stages, 
and follow completely independent courses. A small number of patients will die during their 
first 6 months of life, usually from hepatic or respiratory failure, but most patients will develop a 
progressive and fatal neurological disease.

Presenting symptoms are variable, but clumsiness and cognitive decline are common. 
Cerebellar signs and dystonia are common findings and vertical supranuclear gaze palsy is also 
characteristic. A degree of splenomegaly is almost universal even if not clinically detectable, but 
liver disease is not evident outside the neonatal period. The clinical course is progressive with 
both cortical and deep brain structures becoming involved often with seizures developing.202 
Cerebellar involvement is prominent, resulting in ataxia and dysarthria, whereas dysphagia 
often necessitates tube feeding. Dementia is universal but can be early and aggressive or slowly 
progressive, manifesting as psychiatric disease in adults. Patients end up bedbound, mute and 
entirely dependent on 24-hour nursing care. Death is normally due to aspiration pneumonia.

Atypical presentations are seen, particularly in older patients. Some patients first present with 
isolated splenomegaly and it may be many years before neurological disease develops. In general, 
prognosis is related to age at first neurological presentation, with the disease being more indolent 
and slowly progressive the later it manifests.

Epidemiology
Niemann–Pick type C disease is inherited in an autosomal recessive manner. The prevalence of 
NPC disease has been estimated at between 0.66 and 0.83 per 100,000 in Western Europe.201,203 
The true prevalence of NPC disease in early life is probably underestimated, owing to its varied 
clinical presentation and high infant mortality rate. Although it is generally considered that NPC 
disease occurs with similar frequency across the world, it has been reported to be more common 
in some genetic isolates such as the French Arcadian population of Nova Scotia.204

Diagnosis
For many patients, it is only years after birth that the first clinical signs are observed and 
diagnosis is made. A clinical diagnosis of NPC disease requires in-depth screening for 
characteristic neurological and systemic features and must be confirmed by biochemical and/or 
genetic testing. The key diagnostic test for NPC disease is filipin staining of cultured fibroblasts, 
which demonstrates impaired cholesterol esterification.

Management 
Until recently, treatment for NPC disease has been limited to symptomatic therapy for relief of 
specific manifestations of the disease.

Treatment
Miglustat was approved in the EU in 2009 for the treatment of NPC disease and is currently 
prescribed off-label in the USA and is under consideration for approval by the FDA.

Recent advances in understanding the pathogenesis of NPC disease led to trials of SRT. NPC 
disease results from mutations in genes that encode proteins responsible for trafficking of 
unesterified cholesterol between several cell compartments. A defect of one of these genes leads 
to accumulation of cholesterol, sphingosine, sphingomyelin and glycosphingolipids. Although 
the complex mechanisms that lead to the accumulation of these substrates in NPC disease have 
been poorly understood, it is known that miglustat inhibits the synthesis of glucosylceramide, 
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the precursor of glycosphingolipids, and this substance has therefore been considered as a SRT 
option for NPC disease patients.

Observations of ganglioside storage in NPC disease neurons and neuropathological findings 
in NPC disease brains that are common to other ganglioside storage disorders (neuroaxonal 
dystrophy) led Zervas and colleagues to attempt to treat NPC diseased mice with miglustat.205 
In these murine studies, treatment with miglustat led to a delay in the onset of symptoms and 
prolonged lifespan.205

As miglustat was already licensed for the treatment of GD1, after the results of the animal 
studies were published, a number of patients with NPC disease were treated on a named-patient 
basis. The first patient with NPC disease treated with miglustat was reported in 2004.206 In this 
individual, miglustat was reported to reverse lysosomal storage and correct the abnormal lipid 
trafficking seen in peripheral blood lymphocytes. The patient’s clinical condition remained stable, 
and no progression of the disease was observed over the 6-month treatment period.

In 2007, Chien and colleagues207 described two children, aged 9–14 years, with NPC disease 
who were treated with miglustat for 1 year. Improvements in swallowing, mobility and cognitive 
function were reported for both children. Santos and colleagues208 reported an apparently 
remarkable response to miglustat in a 10-year-old girl with significant improvements in ataxia, 
dysarthria, mobility and seizure control, which were maintained for at least 1 year. However, 
Paciorkowski and colleagues209 reported the use of miglustat in a 3-year-old girl whose motor 
and cognitive function continued to decline despite treatment. Galanaud and colleagues210 
treated three adult patients with miglustat and reported that the clinical condition of the patients 
had stabilised or shown slight improvement after 24 months on treatment. Magnetic resonance 
spectroscopy was reported to show a sustained decrease in choline–creatinine ratio in all three 
patients, suggesting that SRT may have a beneficial effect on the brain over time in patients with 
NPC. The same effect was observed in a patient with 22 years of symptomatic disease as that 
seen in two other patients with 4 years of symptomatic disease, suggesting that even in advanced 
stages of disease, some brain dysfunction may still be reversible.

Fecarotta and colleagues211 treated three children with significant dysphagia with miglustat for 
3 years and reported sustained improvements in swallowing based on videofluoroscopy.

Patterson and colleagues212 reported a trial of 29 patients with NPC aged ≥ 12 years, randomised 
in a 2 : 1 ratio to miglustat or standard care. The primary end point was measurement of the 
velocity of visual saccades at 12 months, which increased in the standard care group and 
decreased in the treated group over 12 months. This difference was statistically significant, but 
only when the six patients taking benzodiazepines (which are known to slow saccades) were 
excluded. Clinically and statistically significant improvements were also seen in swallowing 
and ambulation. The non-controlled, open-label extension reported that the majority of adult 
and paediatric patients showed stabilisation of symptoms, based on assessments of horizontal 
saccadic eye movements, swallowing and ambulation.213,214

In Spain, Pineda and colleagues215 have reported long-term follow-up data on a cohort of 16 
children with NPC disease who have been treated with miglustat. They report that in patients 
who had symptom onset in childhood, there was a stabilisation of disease, but that patients with 
the more severe infantile-onset forms did not respond to therapy.

Safety
Miglustat is well tolerated in NPC patients in clinical practice, although the incidence of 
diarrhoea, flatulence and weight loss is quite high. The safety and tolerability of miglustat at 
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200 mg t.i.d. in study participants was found to be consistent with previous trials in GD1 in 
which half this dose was used, and the safety and tolerability in children has been found to be 
comparable with that observed in adults and juveniles.213 Although changes to diet, involving 
the exclusion of sucrose and similar sugars, may help some individuals with gastrointestinal side 
effects, there are still significant numbers of patients who have to stop taking miglustat because of 
these side effects.

A summary of the main evidence from RCTs and other prospective studies on the efficacy and 
safety of miglustat for NPC is presented in Table 8.

Patterns of treatment in England

Treatment centres
Services for patients with LSDs, including treatments such as ERT and SRT, are overseen by the 
National Specialised Commissioning Group (NSCG) [formerly the National Commissioning 
Group (NCG)], an arm of the Department of Health, which plans and funds the provision of care 
for very rare conditions (www.ncg.nhs.uk/).

When this study commenced in 2006, six hospitals in England had been nationally designated 
and funded by the NSCG, to provide a service for patients with LSDs.

Centres for children
■■ Central Manchester and Manchester Children’s University Hospitals NHS Trust.
■■ Great Ormond Street Hospital for Children NHS Trust.

Centres for adults
■■ Salford Royal NHS Foundation Trust.
■■ Royal Free Hampstead NHS Trust.
■■ University College London Hospitals NHS Foundation Trust, National Hospital for Nervous 

Diseases, Queen Square.

Centres for adults and children
■■ Addenbrooke’s NHS Trust.

Birmingham Children’s Hospital NHS Foundation Trust received NSCG-designated status 
shortly afterwards in 2007.

It was estimated that the total number of patients with a LSD known to these centres was 1455 in 
2006. As would be expected from prevalence data, the most common LSDs are Gaucher disease 
and Fabry disease in adults and the mucoploysaccharidosis disorders (in particular MPS I and 
MPS III) in children.

At present, Wales, Scotland and Northern Ireland have separate prescribing arrangements and 
there are no precise data as to the numbers of patients with LSDs living in these regions, although 
some do receive care at the designated centres.

Rationale for the cohort study

Most people who have LSDs suffer substantial morbidity and most have a reduced lifespan. All 
of these conditions are extremely rare. It has proved difficult to conduct large-scale clinical trials, 
and current evidence of efficacy of ERT is based primarily on small, relatively short duration 
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trials, often with surrogate outcomes and open-label studies. All of the recombinant enzymes 
marketed thus far are extremely expensive.

Currently, there are several lysosomal condition-specific databases that are held by the 
pharmaceutical companies which manufacture the ERTs and the SRT currently licensed in the 
UK. This has led to the development of two registries for Fabry disease, which do not appear 
to be compatible with each other, hindering comparisons of treatment efficacy. The Society for 
Mucopolysaccharide Diseases (UK) also has a registry of all UK people diagnosed with an MPS 
disorder since 1981.

It was felt necessary to establish this UK cohort study independent of the pharmaceutical 
industry, not least because the intention was to collect data on some LSDs for which treatments 
are not yet available. In addition, given that there are currently three pharmaceutical companies 
that manufacture these treatments, to conduct the study with any one of the companies might 
have led to potential conflicts of interest.

It has been argued18,19 that there is currently little point in conducting further studies of 
effectiveness or cost-effectiveness of ERT in Gaucher disease, Fabry disease or MPS I. This is 
based on the argument that the costs of the drugs are currently so high that however effective 
these treatments are there is no possibility that they can cross currently accepted thresholds for 
willingness to pay. The authors of these reviews argue that, if society has decided that because of 
the particular rarity and severity of these conditions it is willing to pay for therapy, then further 
information is not required, whereas if society is to apply the thresholds generally used to make 
such decisions, no amount of information will move the decision across this threshold.

In our view this stance, although arguable, is mistaken. Better estimates of the effectiveness of 
the interventions, of the relative effectiveness of treatment depending on when in the course of 
the condition treatment begins and of different treatment regimens are important for patients 
and their families as well as for clinicians. The costs of the drugs may well change substantially in 
the future with changes in technology and the possible entry into the market of other providers. 
In these circumstances evidence of effectiveness will be needed to underpin decisions on cost-
effectiveness. This study aimed to provide at least partial answers to these questions in addition to 
providing better data on NHS costs to inform future estimates of cost-effectiveness.

Background and objectives

The National Collaborative Study (NCS) LSD study is a longitudinal, cohort study of adults and 
children with LSDs, who are treated within the seven NSCG (formerly the NCG)-designated 
treatment centres in England. The study aimed to determine the natural history of the LSDs 
under investigation, and to estimate effectiveness and cost-effectiveness of treatment strategies.

Lysosomal storage disorders represent a group of less than 40 genetically distinct diseases. This 
study included patients with six of these conditions for which ERT or SRT is currently available 
or is being developed:

■■ Gaucher disease
■■ Fabry disease
■■ MPS I
■■ MPS II
■■ Pompe disease
■■ NPC.
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The limitations of an observational cohort study design are acknowledged. A prospective RCT 
of the appropriate treatment in each condition with clinical end points and long-term follow-up 
would clearly provide the highest quality evidence of effectiveness. Such trials are currently 
lacking and it is believed that recruitment is unlikely to be feasible, particularly for therapies 
already in widespread use and given the relatively small number of people with these conditions.

Primary objectives
■■ To compare the natural history of treated and untreated LSDs for those disorders where a 

specific therapy is currently available.
■■ To estimate the effectiveness of ERT and SRT.
■■ To estimate the cost-effectiveness of specific therapies for LSDs.
■■ To describe the natural history of LSDs where ERT is likely to become available.

Secondary objective
■■ To compare the effectiveness of agalsidase alpha with agalsidase beta in children and adults 

with Fabry disease.
■■ To estimate the lifetime health-care cost and other economic impacts on people with LSDs 

and their families.
■■ To provide the basis for future research to develop treatment–responsive measures in adults 

and children.
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Chapter 2  

Methods

Study procedures

Local collaborators
Clinical consultants at each of the seven study sites acted as local principal investigators for 
the study. A formal participation agreement was signed for each centre between the local 
principal investigators, the participating NHS Trust Research and Development Directors and 
the Peninsula College of Medicine & Dentistry (PCMD). Where possible, a research nurse was 
employed to recruit patients into the study, collect patient clinical, QoL and service-use data, 
according to the study protocol. Where it was not possible to recruit a nurse into this role, a 
researcher was employed. The research nurse or researcher was responsible for all aspects of the 
study conduct at their site, and for ensuring that the study was run ethically, and in accordance 
with good clinical practice. The number of hours each nurse or researcher was employed to work 
on the study was based on the number of LSD patients treated at their clinic.

At the outset, regular meetings and teleconferences were held with the management team 
in order to design and agree processes and systems. Following the commencement of data 
collection, both nurse/researcher meetings and management meetings were held every 6 months. 
In addition, monthly teleconference meetings were held with the nurses and researchers.

Study Steering Committee
The running of the project was under the supervision of a Study Steering Committee, chaired 
by Professor Richard Hobbs (Professor and Head of the Department of Primary Health Care, 
University of Oxford). The study Steering Committee met on four occasions during the project 
and provided advice throughout the course of the study (see Appendix 4).

Ethics and research governance
Overall ethical approval for this study was obtained from the South West Multicentre Research 
Ethics Committee (MREC) in February 2007 (REC reference 06/MRE06/70). In addition to 
the overall MREC approval, each local centre obtained their Local Research Ethics Committee 
(LREC) site-specific approval and local NHS Trust Research and Development approval prior to 
starting the study.

Subsequent approvals for amendments to the protocol were sought and obtained from the 
MREC. Details of these amendments are provided in Changes to original protocol.

Patient and public involvement
From the outset, several of the LSD patient advocate groups in the UK were invited to be part 
of this observational study and to co-write the original funding bid. The Gauchers Association 
accepted this invitation and agreed to assist in the initial proposal for funding, as a representative 
organisation for all UK LSD support groups. The management team arranged regular meetings 
with the support groups (collectively and at their individual meetings) and a representative from 
these groups was always invited to attend each of the management group meetings.
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The support groups advised the research team on all aspects of study design. In particular, 
they reviewed the content of materials such as the Patient Information Sheet (PIS) and Patient 
Consent Form, and made recommendations regarding the choice of outcome measures and 
on ethical and feasibility questions. They also provided invaluable support in assisting with the 
process of sending a final set of questionnaires to the participants, and wrote a letter to their 
support group members urging them to participate.

Participant identification and consent
The process of identification and consent for patients is summarised in Figures 1 and 2.

Inclusion/exclusion criteria
All patients with Gaucher disease, Fabry disease, MPS I, MPS II, Pompe disease or NPC, living in 
the UK and attending one of the designated treatment centres, were considered for inclusion in 
this study.

Patients were deemed ineligible for inclusion if their treating clinician felt they would be 
distressed in any way by being approached or by participating in this study.

Identification
Identification of eligible patients was aided by the way in which LSD patients are cared for in the 
UK. The majority of people with LSDs are under the care of one of the NSCG specialist centres, 
regardless of whether or not there is a therapy available. Only these centres are able to prescribe 
ERT or SRT, and therefore most patients diagnosed with these conditions are referred to one of 
these centres.

The research nurse or researcher identified all eligible patients from the hospital department 
database or department patient lists. The patient’s initials and date of birth were entered into 
a condition-specific recruitment spreadsheet and a study ID was assigned to each patient. The 
LSD consultant was asked to confirm the patient’s eligibility to participate in the study as per 
the inclusion/exclusion criteria. Eligibility status was entered into the spreadsheet and eligible 
patients and/or their carers were sent a letter introducing the study (see Appendix 6).

Invitation letters and PISs (see Appendix 8, Patient Information Sheet for participants and Patient 
Information Sheet for carer) were sent to patients and/or their carers at least 1 month before 
they were due for their clinical review appointment. This ensured the patient had sufficient time 
to read and absorb the information, and also have the opportunity to discuss the study with 
relatives, general practitioners (GPs), research staff, etc.

Some patients were missed and hence not recruited by the researcher and/or the LSD consultant 
at their first clinical review appointment after receiving their invitation to participate in the study. 
This might have been due to patients not attending, or conflicting researcher and/or consultant 
commitments on the day of their attendance. In such cases a second invitation letter and PIS was 
sent 1 month before the next clinical review appointment (see Appendices 7 and 8).

Explanation of the study
The LSD consultant or research nurse explained the study to the patient and/or their carers at 
their hospital visit, using the appropriate PIS. The QoL, fatigue and service-use questionnaires 
were explained to the patient and/or their carer allowing sufficient time for each patient and/or 
their carer to ask questions and have them answered to their satisfaction.

Consent
The LSD consultant or research nurse sought written, informed consent to participate in the 
study from each participant [see Appendix 9, Consent form for participants and Consent form for 
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participants (notes only)], parent or carer [for children aged < 16 years, see Appendix 9, Consent 
form for parents/carers and Consent for parents/carer (notes only)].

Two-tier consent: full versus ‘notes only’ consent
The study operated a two-tier consent process whereby if a patient (or his or her parent/carer) 
did not wish to complete the QoL, fatigue or resource use questionnaires, they were asked if they 
agreed to their data being extracted from their medical notes for the purposes of the study [see 
Appendix 9, Consent form for participants (notes only) and Consent form for parents/carers (notes 
only)] – this was referred to as a ‘notes only’ consent.

Consenting patients who lack capacity
Following consultation with the MREC and in accordance with the Mental Capacity Act 2005, 
the research team made an initial assumption that each patient had the capacity to give informed 
consent and, as such, every effort was made to support patients to make their own decision 
regarding participation in the study. Information about the study was provided to each individual 

Possible participants identified from
hospital records at the treatment centres

Initial letter sent informing patient and/or
carer about the study (Appendix 6a, 6c or 6d)

Routine clinical
appointment  

Research nurse/consultant explains study to potential participant and their
parent/carer and gains written informed consent if appropriate

Further letter (Appendix 7a, 7b, 7c or 7d) and patient
information sheet (Appendix 8a or 8b) sent to potential

participants. Appendix 8c sent to consultees

Is the person deemed capable of
giving informed consent? 

Yes 

No 

Patient to complete:
•    Quality-of-life questionnaires (SF-36, EQ-5D
      and PedsQL)
•    Service-use questionnaire (Appendix 13a)
•    Fatigue Severity Scale (Appendix 14)
Carer to complete (if applicable):
•    Carer Strain Index (Appendix 12)
•    Service-use questionnaire (Appendix 13a) 

Patient to complete
consent form for
medical notes only
(Appendix 9b) 

Patient to complete consent form
(Appendix 9a) 

Consent given?

Yes 

Consent given to complete HRQoL and service-use
questionnaires?

Yes 

No
further
action 

No
further
action 

No 

No 

FIGURE 1  Flow diagram for identification and consent for adults with LSDs.
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in a way that was deemed most appropriate to help them understand the study and make their 
own decision.

If the treating clinician or another member of the health-care team believed, on the balance 
of probabilities, that the individual lacked capacity to give informed consent, then steps were 
taken in order to identify someone to consult (and thereby consent on behalf of the patient – a 
‘personal consultee’) before the patient could be included in the study. It was essential that 
the consultee was involved in the patient’s care, interested in their welfare and willing to help. 
In accordance with the Mental Capacity Act, this person could not be a professional or paid 
care worker.

Possible participants identified from
hospital records at the treatment centres

Second reminder letter and PIS (Appendix 8b) sent to:
          •    parent/carer (Appendix 7c) and
          •    young person aged > 12 years (Appendix 7b) 
                if appropriate

Routine
clinical
appointment

Research nurse/consultant explains study to
potential participant and their parent/carer and
gains written informed consent if appropriate 

Participant to complete:
•     PedsQL (age appropriate)

Parent/carer to complete:
•     PedsQL (carer version)
•     Carer Strain Index
      (Appendix 12)
•     Service-use questionnaire
      (Appendix 13b) 

Initial letter explaining study sent to:
          •    parent/carer (Appendix 6c) and
          •    young person aged > 12 years (Appendix 6b)
              if appropriate

If child aged 5–12 years

Participant to complete:
•     PedsQL (age appropriate)
•     EQ-5D

Parent/carer to complete:
•     PedsQL (carer version)
•     Carer Strain Index
      (Appendix 12)
•     Service-use questionnaire
      (Appendix 13b)

If child aged ≥ 13 years

Consent given to complete HRQoL and service-
use questionnaires? 

No
further
action

Parent/carer to complete:
•     PedsQL aged 2–4 years
•     Carer Strain Index
       (Appendix 12)
•     Service-use
      questionnaire
      (Appendix 13b)

If child aged < 5 years

No

Yes
Consent given?

Parent to
complete consent
form for medical
notes only
(Appendix 9e) 

No

Parent to complete consent form (Appendix 9d)

Yes

FIGURE 2  Flow diagram for identification and consent for children aged < 16 years with LSDs.
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Where there was no willing ‘personal consultee’, the researcher/LSD consultant nominated 
a person to be the consultee. The nominated person must have had no connection with the 
research project.

The consultee was given information about the research project and asked:

■■ for advice about whether or not the person who lacked capacity should take part in the 
study; and

■■ what they thought the person’s feelings and wishes would be if they had the capacity to 
decide whether or not to take part.

Once a willing consultee had been identified, they were asked to provide written, informed 
consent on behalf of the patient [see Consent for consultees or Consent form for consultees 
(notes only)].

Reconsenting 16-year-olds
When a study participant reached 16 years of age, and the LSD consultant confirmed their 
continued eligibility to take part in the study, they were approached for reconsenting using adult 
(self-) consent forms.

In situations where the parent/carer had not consented to their child’s participation in the study, 
it was agreed with the MREC that the nurse or LSD consultant was free to approach the patient 
directly for consent when the patient turned 16 years old.

Similarly, when the parent/carer had given ‘notes only’ consent for their child’s participation 
in the study, it was agreed with the MREC that the researcher was free to approach the patient 
directly for full consent when the patient turned 16 years old.

Informing the patient’s general practitioner of participation in study
Once consent had been obtained from the patient or carer, a PIS and letter notifying them 
of the patient’s involvement in the study was sent to the patient’s GP (see Appendix 8, Patient 
Information Sheet for participants and Appendix 10).

Data collection
Data were collected on all consenting patients and entered onto the condition-specific database 
by research nurses at each centre. Each database followed the same structure with (a) a standard 
set of data fields common to all conditions and (b) condition-specific data fields. Clinical, QoL 
and service-use data were collected prospectively and clinical data were collected retrospectively. 
Historical, retrospective data were ascertained from patients’ notes and from Hospital 
Information Systems (HISs). Patient data were entered anonymously, using the patient’s study ID.

Following a tendering process, macro electronic data capture from MACRO™ Electronic Data 
Capture, version 3 (InferMed, London, UK) was chosen as the platform to build the database for 
this study. The secure, web-based electronic data collection (EDC) system allowed each site to 
enter data remotely, while data were held on a server within the PCMD at Plymouth University. 
A condition-specific database, with a common front-end, was designed for each condition by 
the study co-ordinator and database manager. The database allowed an unlimited number of 
prospective and retrospective data points to be collected, provided an audit trail of all data entries 
or amendments and allowed discrepancies or queries to be raised by the co-ordinating centre.
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Identification of outcome measures
Our aim was to identify for each condition a limited set of outcome measures that would capture 
key areas of function and symptoms. Although we were able to ask patients to provide some data 
during the course of the study (e.g. QoL scales) we were not in a position to add new clinical 
investigations, and where possible we wished to be able to collect equivalent historical clinical 
data from hospital records. Criteria for selection of measures therefore included the clinical 
significance of the target area of function, reliability of the specific test suggested, ability of the 
measure to reflect change and clinical co-applicants’ views of likely availability of data across 
the sites.

Selection of clinical outcome data
Clinical data fields were agreed within the management team prior to the commencement of the 
study. The choice of outcomes was guided by the principle that only data which would clearly 
contribute to determining the extent of disease severity and progression would be collected. The 
process of identifying the clinical data fields was initially piloted with Gaucher disease.

Working within disease-specific groups, the clinicians from the seven sites identified the key 
organ(s) or system(s) or area(s) of function affected by each disorder. They were then asked to 
identify what measures they believed would most reliably assess each aspect of the condition, 
reflect disease progression and were likely to be assessed for most patients as part of routine 
clinical appointments. They were also asked to consider whether common or equivalent 
approaches to assessment of each measure were carried out at the seven participating centres, and 
whether or not the assessments were different for children and adults.

For each condition, the agreed data fields included biochemical and clinical investigations 
that are routinely collected at the treating centres, as recommended in relevant UK National 
Guidelines.217–221 These condition-specific guidelines are written by a multidisciplinary group of 
clinical experts, a non-clinical expert chairman and patient representatives, at the invitation of 
the NCG of the UK.

The final process of refining the final data set for each condition was hampered by a difference 
of opinions between the clinical co-applicants. Although all UK treating centres practise in 
accordance with the National Guidelines, it became apparent that the exact series of tests and 
investigations carried out differs from centre to centre. Further communications within the 
working groups via email, teleconference and face-to-face meetings eventually generated a 
data set to be collected for each disorder. It was recognised at this stage, however, that the data 
sets contained some tests and investigations that were not conducted at all sites. Nonetheless, 
it was accepted that such fields should remain in the database and data would be captured 
where available.

A series of Case Report Forms (CRFs) was then created for each condition with each page 
pertaining to a specific organ, system or function (see Appendix 11). Where appropriate, forms 
were adapted to capture data from children. These CRFs were subsequently used to model 
the electronic CRFs (eCRFs) of the database. The final analysis focused on key fields that were 
identified by the clinical co-applicants after data collection was complete. These fields are 
discussed in the condition-specific results chapters.

Retrospective data fields
Although it was evident that it would not be possible to obtain the historical data for all 
clinical fields for every patient, it was agreed that all data fields should remain ‘active’ in the 
retrospective databases and that nurses and researchers at each site would endeavour to collect all 
information available.
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Clearly, retrospective QoL and service-use data were not available as these had not been 
routinely collected.

Patient-reported outcomes
As with clinical data, the aim of including patient-reported outcomes was to ensure the 
assessment of the key impacts these disorders have on patients and their families and carers. Our 
choice of measures was based on consultation both with clinicians involved in the care of patients 
with LSDs (including members of our external steering group) and with the relevant patient 
support groups and associations. We based our initial ideas about possible measures to include 
on existing research evidence. These were summarised in a ‘non-clinical data collection plan’ that 
formed the basis for discussion and agreement with all co-investigators and the patient support 
groups involved.

Those consulted were asked firstly to consider what the most important impacts of the conditions 
were and secondly what measures might be employed to assess these aspects. They were also 
asked to keep in mind the need to limit the burden of data collection on patients and carers.

Quality of life in adults
We aimed to assess the HRQoL of LSD patients. The two best-established generic HRQoL 
measures are the Short Form questionnaire-36 items (SF-36) and the European Quality of Life-5 
Dimensions (EQ-5D or EuroQol instrument).221 Both have associated preference-based scoring 
systems that allow the calculation of ‘social preference weights’ (utilities) for each defined health 
state, and such weights are available from valuations by the UK general population. For the SF-36, 
this is done via the Short Form questionnaire-6 Dimensions (SF-6D) health state classification 
system.222 The EQ-5D and SF-36 are also the preferred sources of utility estimates for health 
technology assessments conducted for the National Institute for Health and Clinical Excellence 
(NICE).223 We chose to use both the SF-36 and the EQ-5D because there is ongoing debate about 
the validity, reliability and responsiveness of the two instruments in different disease areas, and 
also because the additional respondent burden of completing the EQ-5D is small.224

Quality of life in children
We considered three candidate questionnaire-based instruments for measuring HRQoL in 
children that were available in mid-2007 – the Pediatric Quality of Life Inventory (PedsQL™), 
the Child Health Questionnaire and the KIDSCREEN instrument. Both the PedsQL and 
Child Health Questionnaire are recommended by the 2001 HTA monograph on Quality-of-life 
Measures in Chronic Diseases of Childhood.225

After examining the research literature and consultation with the patient support groups, it was 
decided that the PedsQL instrument was the most appropriate for this study. The PedsQL was 
originally developed for assessing the QoL of children with cancer, but has now been used and 
validated in a wide number of disease areas.226 The PedsQL’s 15 questions cover the three main 
domains of physical functioning, psychological functioning and social functioning. Importantly, 
it includes both child- and parent-reported QoL in all versions except for the youngest children.

Fatigue
Patient support groups were concerned that the chosen generic measures of HRQoL might fail to 
capture fatigue, which they regard as a prominent feature of many LSDs. In addition, anecdotally, 
reduced fatigue and improved vitality were reported by some patients to be one of the perceived 
benefits of being on treatment. This led us to include the Fatigue Severity Scale227 among the suite 
of instruments that adult patients were asked to complete (see Appendix 14).
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The FSS is a nine-item self-report questionnaire, in which patients are asked to respond using 
a seven-point Likert scale. Responses are added together and averaged to determine the overall 
score. Scores > 4 are considered to be indicative of significant fatigue.228,229 

Assessment of impact on carers
The health, cost and other impacts on the parents or carers of people with chronic and serious 
conditions is well documented and increasingly recognised as an important aspect of economic 
evaluations.230 We initially considered assessing the QoL of parents/carers and the partners of 
adult patients as part of this study, but after consultation these measures were omitted on the 
basis of the burden and complexity of data collection. Instead, we elected to include a well-
established measure for assessing the impact of patients on their main carers, the Carer Strain 
Index (CSI)231 (see Appendix 12).

Cost data collection methods
The funded research protocol included a cost–utility analysis and, therefore, required the 
collection of cost data as part of its aim to describe the potential economic and non-clinical 
outcomes of ERT and SRT.

Discussion with the clinician co-investigators suggested that hospital clinical records would only 
reliably collect information about those treatments, appointments or tests that took place in their 
hospital or unit. Furthermore, each specialist treatment centre has different arrangements for 
‘shared care’, further complicating the possibility of collating NHS patient records for the LSD 
study patients. We therefore concluded that our primary mode of data collection for NHS and 
other costs should be to directly ask people with a LSD, or their parents or carers, about their 
level of use of health care and other services. This questionnaire-based data collection took place 
at their annual review appointment at the specialist LSD units.

Service-use and costs questionnaire
The Client Services Receipt Inventory (CSRI) is a comprehensive set of questions that has become 
used in many large UK-based cost and cost-effectiveness studies since the early 1990s, especially 
where the client group’s needs typically span both health services and social care (e.g. older 
people or people with mental health problems).232,233 The questions cover use of hospital services 
(whether inpatient, outpatient, day care or accident and emergency), general practice and 
primary care, as well as a wide range of other community-based health- and social-care services 
or professionals from whom people may receive care or other help. As the names and types of 
available services have changed over time, and because of variation in the purpose of different 
costing studies, the actual detailed content of the questionnaire is not highly standardised.

An up-to-date version of the CSRI was kindly supplied by one of its developers (Professor Martin 
Knapp, Personal Social Services Research Unit, London School of Economics). In consultation 
with both clinicians and the patient and family support associations, we piloted and adapted the 
questionnaire in a number of ways. In particular we:

■■ removed a question about contact with police and judicial services
■■ included a new question on the out-of-pocket costs incurred by patients or their families
■■ amended the list of other services outside of hospital that people might have used
■■ included a question on the number of short-term absences from work (or school) owing to 

health problems, and the number of days involved in these
■■ adapted the question to assess the amount of help (in hours per week) ‘from friends or 

relatives as a consequence of your health problems’ (e.g. for child care, personal care, help 
around the house, help outside the home, transport).
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Following a suggestion from the patients/family associations, we also asked an open question 
about any ways in which people felt their LSD ‘has or may have constrained your career (such 
as, missing a promotion; having to choose a less stressful job; having to cut your usual number 
of hours)’. There were two versions of the final questionnaire, one for self-completion by adult 
patients and the other for proxy completion by the carers or parents of children or adults unable 
to complete the questionnaires themselves. The final resource and service-use questionnaires 
(known as Service Use and Costs Questionnaires) are shown in Appendix 13.

Summary of health-related quality of life and carer impact 
measures used
Table 9 shows the full range of QoL and carer impact questionnaires that were used, and the ages 
of patients to whom they were given.

Data collection time points
Prospective data
The Department of Health has issued UK National Guidelines for each condition under 
investigation.216–220 These guidelines advise a follow-up assessment protocol for each condition. 
Although clinical practice differs at each of the seven treatment centres, it was evident that 
most patients are invited to attend their clinic for an annual review when they would undergo 
a set of routine clinical investigations. It was agreed that patients should be invited to consent 
to participate in the study at their annual appointment, at which time clinical data would be 
captured from the hospital records of consenting patients.

Follow-up data were collected at each subsequent annual visit. Each patient was asked to 
complete the relevant pack of QoL and service-use questionnaires at study entry and at each 
subsequent annual review.

Retrospective data
For patients on ERT or SRT, we aimed to capture clinical data from the following retrospective 
time points:

■■ at diagnosis (in some situations this would coincide with the start of treatment)
■■ 12 months before the start of treatment.
■■ at the start of treatment.

TABLE 9  Summary of HRQoL questionnaires used for different LSD patients

Instrument Version Age of patients (years)

SF-36 Version 1.0 ≥ 16

EQ-5D UK/Eire ≥ 13

PedsQL Version 4.0 – UK English

PedsQL 2–4 2–4

PedsQL 5–7 5–7

PedsQL 8–12 8–12

PedsQL 13–16 13–16

Age-relevant child- and parent-completed questionnaires

NCS-LSD Service Use and Costs 
Questionnaire 

Child proxy 0–16

Adult ≥ 16

CSI (if applicable) All ages

FSS ≥ 16
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In addition, for people who have been on treatment for several years, data were collected at:

■■ 1 year post commencement of treatment
■■ 2 years post commencement of treatment
■■ 4 years post commencement of treatment
■■ every 2 years thereafter until start of prospective data collection.

For patients not on ERT or SRT we aimed to record yearly data points going as far back 
as possible.

It was recognised that these were ideal scenarios and it was not always possible to collect data 
at these exact time points. The research nurses and researchers were asked to use reasonable 
judgement in determining the most useful time point at which to extract data.

Data collection

Clinical data
The research nurses and researchers extracted the required clinical data from the patient’s 
medical records and/or the HIS and entered it into a CRF. For each time point (see Retrospective 
data), results from the most recent test carried out in the previous 12 months were used.

For both prospective and retrospective data collection, the date of each test was entered into the 
database. If the exact date of the test was unknown, the ‘15th’ of the month was entered. If the 
month was unknown, then ‘June’ was entered.

Quality-of-life and service-use data
Questionnaires were given to patients (or their carer/parent) who had consented to have the 
additional questionnaires at their annual check-up appointment with their clinician (see Two-
tier consent). They were also asked to complete additional questionnaires at any additional 
monitoring appointment they attended. The patient had the right to refuse to complete the 
questionnaires at all times.

Although it was intended that these should be completed by patients (or their parents/main 
carer) during their clinic visits, in practice many people were unable to complete them during 
this time. The research nurse or researcher at each centre therefore put systems in place that 
enabled patients to take home some or all of their questionnaires and return them by post. 
In certain circumstances, for instance if there was a problem with the provision of ERT, and 
where it would assist in our understanding of the effectiveness of these treatments, additional 
questionnaires were posted to patients who were attending clinic less often. Similarly, in 
circumstances in which study patients attended for routine clinical follow-up but were not seen 
for study purposes, follow-up questionnaires were posted to them. In all such situations it was 
made clear in an accompanying letter that patients were under no obligation to complete these or 
to remain in the study.

The patient ID was always written on the top of each sheet in the pack either before or after 
completion. This was done before the questionnaires were removed from the treating centre if 
they were taken home by the patient.

Where questionnaires were not completed during the clinic visit we contacted the patient or their 
carer up to a maximum of two times at 2-week intervals. Each time a patient or their carer was 
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contacted by the research nurse or researcher, a dated record of the conversation or message left 
was entered in the database.

Data entry
Data collected at the patient’s annual review were entered into a CRF and then entered into 
the database by the research nurse or researcher. Similarly, retrospective data extracted from 
patients’ notes and/or HIS were collected into a CRF and entered as a retrospective time point in 
the database.

Once returned, the QoL and service-use questionnaire answers were entered into the database 
and the paper copies kept in study folders.

Collection of additional data owing to shortage of enzyme 
replacement therapies

For reasons explained in Chapter 1, there was a worldwide shortage of imiglucerase and 
agalsidase beta during the study period and, as a result, some Fabry disease and Gaucher disease 
patients had their treatment regimen altered during this time. The clinical experts agreed 
that additional clinical data should be captured during this period in order to assess disease 
progression on reduced or altered treatment. It was anticipated that patients on altered regimen 
would be monitored more closely during this period, and would visit their clinicians on a more 
regular basis than usual. Clinical data were entered on the study database each time patients 
visited their LSD clinic. In addition, approval was gained from the South West MREC to ask these 
patients to complete additional QoL and service-use data questionnaires each time they attended 
their clinic.

However, in reality, patients receiving home infusions did not visit their clinic for additional 
monitoring visits unless they experienced additional complications. Therefore, while some 
additional data were received from patients on altered regimen, this was not as many as was 
initially anticipated.

Data quality assurance
In order to minimise the level of risk of data errors, data checks such as valid ranges, filter checks 
and logical checks were built into the eCRFs within the database. At least 10% of all data were 
checked using source data verification (SDV).

Monitoring visits and source data verification
Each site received a monitoring visit approximately 1 year following commencement of data 
collection, with additional visits arranged where there was a change in personnel or if there 
was any concern over the conduct of the study for any reason. The study site file was checked 
for completeness at these visits and consent forms of all participating patients were checked 
for conformity.

Using an online random number generator, approximately 10% of patients at each site were 
randomly selected to be verified against source data at the monitoring visits. Source data included 
patient medical records, any letters held within these records and any clinical data held on the 
HIS. For QoL and service-use data, the database entry was checked against the paper copy of 
the questionnaire completed by the patient and/or their carer. Some site monitoring visits were 
carried out in-house by the study co-ordinators, whereas others were subcontracted to a Clinical 
Research Organisation. 
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Methods used in analysis

Effectiveness of treatment
Mixed-effects models
The database contains longitudinal individual-level patient data for all consenting patients 
attending the participating treatment centres. In the core analysis, linear and generalised linear 
mixed models were developed to study individual dynamics for the selected continuous and 
binary outcomes, respectively.234 Separate models were fitted for each condition owing to the 
heterogeneity in age at diagnosis, clinical presentation and rate of disease progression for the 
six LSDs. Each model related the relevant outcome (or suitable transformation of the outcome) 
to a linear combination of the patient’s age at the time the outcome was measured, their gender 
and the time from commencing treatment on ERT or SRT, to the current visit. Treated patients 
contributed data (where available) from the period before they were first treated as well as 
during treatment, providing aspects of a before-and-after design. Untreated patients contributed 
natural history data of relevance to estimating the effect of age at the time of the measurement. 
All analyses were based on complete records without imputation of missing data. This approach 
provides valid estimates of treatment effects under the assumption that the missing data 
mechanism is ‘missing at random’.235

In the base models, it was assumed that the temporal components had independent additive 
linear effects on outcomes. Non-linear effects of time on treatment were explored by categorising 
time on ERT or SRT for Gaucher disease, Fabry disease and Pompe disease and by fitting 
generalised additive mixed models with smoothing splines.236 Patient heterogeneity in disease 
severity at diagnosis and the rate of disease progression was addressed by fitting random intercept 
and random slope models. Likelihood ratio tests were used to compare the random intercept and 
random slope models. Separate models were fitted for adults and children where appropriate.

For each condition, there are differences in the demographic profile and underlying severity of 
patients seen by each of the centres, and clearly for many of the outcomes there is significant 
variability in the way these are assessed by individual observers across the centres. Clustering 
of patients within centres was explored by fitting hierarchical models with a random centre 
effect. Choice of a random effect for centre made it possible to assess the relative contribution 
to variance of centre- and individual-level effects. A sensitivity analysis was conducted in which 
all longitudinal models were fitted with a fixed-centre effect. The results for the effect of time on 
ERT were very similar (please contact the authors for a full tabulation of the results of modelling 
centre as a fixed effect).

For each condition, treatment efficacy was assessed based on the estimated effects of time since 
first infusion from the mixed-effects models described above. Where data were not available for 
significant numbers of untreated patients, model estimation of treatment efficacy takes advantage 
of the fact that the age and stage of their condition at which patients have begun taking ERT was 
dependent on the time when the treatment first became available. Historical data are available 
for many of these patients on their clinical condition at the time of beginning treatment while for 
others we have data only on their current clinical situation.

Potential sources of confounding bias were addressed through adjustment of the regression 
models for age and sex, and, where appropriate, through stratification (e.g. fitting separate 
models for splenectomised and non-splenectomised patients when assessing the effect of ERT on 
platelet counts in Fabry disease). Issues with data quality and low sample size made it impractical 
to consider more comprehensive adjustment for potential confounding factors. We prioritised 
the development of Bayesian predictive models for Fabry disease and Gaucher disease, as these 
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conditions had sufficient data to compare the effects of starting ERT at different points in the 
disease process. Given space limitations in the report, we only presented illustrative results for 
outcomes which showed evidence of a beneficial effect of ERT in frequentist analyses.

Cox regression models
Kaplan–Meier survival curves were estimated to illustrate differences in the age at first recorded 
occurrence of binary events that could be considered progressive (e.g. restricted mobility or 
hearing loss). Treatment group differences in survival function were tested using Cox regression 
models (ERT compared with not on ERT). Individual patients entered the risk set on recruitment 
to the study and could contribute intervals of time at risk to more than one of the treatment 
categories; patients for whom there was outcome data prior to starting treatment contributed 
time at risk to both the ERT and untreated curves.

Bayesian longitudinal models
Given the rare nature of these disorders and the corresponding modest sample sizes, 
conventional analyses may not have the power to detect or exclude clinically worthwhile 
treatment benefits. Consequently, additional assessments of treatment efficacy were conducted 
in a Bayesian framework for selected outcomes to supplement analyses using classical methods. 
Although definitive answers are not always possible, taking a Bayesian approach can provide a 
clearer guide by quantifying the probabilities that clinical effects lie in a particular range.237 These 
probabilities, calculated by combining study data with a prior distribution, apply directly to 
future patients and can be used explicitly in formal decision analysis.

Bayesian versions of the mixed-effects models were also used to make predictions about the 
expected trajectories for patients starting ERT at different ages. This was achieved by specifying 
the effect of time on ERT as a quadratic function, with parameters specific to the age interval 
during which patients started on ERT. Means of the posterior predictive distribution were plotted 
against age to illustrate the model findings. Non-informative priors were chosen for the fixed and 
random effects in each model.

Natural history
The mixed-effects models described above provided the basis for characterising the natural 
history of treated and untreated LSDs for individual outcome measures. The estimated age 
effects summarise the expected age-related change in outcome for untreated patients. Given 
the constraints on the overall sample size and the number of untreated data points per patient, 
the mean outcome trajectory for each condition was approximated by a linear function of age. 
Further analysis of natural history was conducted by exploring dynamic linear growth curve 
models in a Bayesian framework with patient-specific random effects, and non-informative priors 
for the mean and slope parameters.238

Non-linear effects of age were considered by adding a quadratic age term to the Bayesian models. 
Models with linear age effects are presented except where strong evidence for non-linearity 
was identified.

Comparison of the effectiveness of agalsidase alpha and agalsidase beta in 
Fabry disease

Both agalsidase alpha and agalsidase beta are licensed for use in the UK for the treatment of 
Fabry disease. Both treatments received their licence in 2002. There is a fivefold difference in the 
licensed dosing regimen, although costs per patient are broadly similar. It appears that, although 
all centres use both drugs, there has been tendency for each centre to use one or other as their 
initial drug of choice. This appears to have been determined mainly by historical reasons, based 
partly on which drugs trials the centres were initially involved in. Some patients subsequently 
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switch to the alternative treatment, for clinical reasons, and it has been suggested that more 
recently there may be more variety in initial drug choice. There are National Guidelines216–220 for 
the initiation of therapy to which all centres adhere that suggest that the populations receiving 
either treatment are likely to be broadly similar.

We compared the outcome of treatment depending on which of the two drugs patients were 
initially assigned (the equivalent of an intention-to-treat analysis) in a multivariate model 
allowing for potential confounding variables. The model partitioned the effect of time on ERT 
into two components: a common effect of being treated with an ERT (either agalsidase alpha 
or agalsidase beta) and a separate component for the incremental effect of receiving agalsidase 
beta rather than agalsidase alpha. To simplify the comparisons, the effect of time on ERT was 
considered as a linear function in all models (for both components). In addition, we compared 
recorded side effects and frequency of switching treatments.

Key for longitudinal model outputs

Models for the continuous outcomes have two outputs: (1) a table of estimated effects of gender, 
age at the time the outcome was measured and time on ERT on outcome (Table 10); and (2) 
a graph showing the shape of the estimated relationship between outcome and time on ERT 
(Figure 3). For selected models, we have also fitted a Bayesian version of the model to make 
predictions about how starting ERT at different ages impacts on age-related outcomes. More 
details of the generic templates used for the model outputs are given below. Throughout the 
remainder of the report, we use the term ‘age’ to refer to the age at measurement of the outcome 
unless specified otherwise.

Figure 3 illustrates the shape of the relationship between outcome and time on ERT after 
adjustment for age and gender. The vertical axis measures the expected change in outcome 
as patients accumulate time spent on ERT, relative to the point at which patients start on 
ERT (expressed as an absolute difference). The solid line provides estimates of mean change 
in outcome and the dashed lines provide a 95% confidence interval (CI) around the model 
estimates. For example, Figure 3 suggests that treatment with ERT for 5 years is associated with 
a change in outcome of approximately 0.4 units. This effect is incremental to the underlying 
age-related change in outcome.

The extent to which the estimated relationship departs from linearity can be assessed by 
considering the estimated degrees of freedom (labelled in the text as ‘edf ’). Values of the edf close 
to 1 indicate that the relationship is linear or close to linear.

The rug plot provides a visual representation of the frequency distribution for time on ERT. 
Each individual data point is represented by a single tick mark at the appropriate location on the 
chosen time scale (years).

Cost data analysis methods

Cost-effectiveness of enzyme replacement therapy
Because of the mixed and weak evidence of the effectiveness of ERT, and because any significant 
effects relate to biological markers of disease severity, we have decided that the planned model-
based cost-effectiveness analysis would not be worthwhile. Instead, we have conducted a cost of 
illness analysis for each LSD to assess comprehensively the financial burden of each disorder on 
the NHS, social care and other publicly funded care and support services.
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Cost of illness analysis methods
The self-reported or parent-reported retrospective data on health service and social care use were 
collated in a single database for all six disorders. For hospital-care usage, the reference (recall) 
period was the last 12 months, and recorded:

■■ the number of days in hospital and reasons for inpatient stays
■■ the number of and reasons for outpatient attendances, day hospital admissions and accident 

and emergency attendances.

For services and care professionals used outside of hospital, the data for 20 different types of 
service provider (GP, district nurse, occupational therapist, social worker, etc.) were recorded: 
whether or not that service/professional was used in the past 12 months (yes/no); the number 

TABLE 10  Example table of longitudinal model estimates

NData
a Estimate of change in outcomeb Standard errorc 95% CId p-valuee

Gender

Male 413 0.00

Female 563 –1.77 0.16 –2.08 to –1.45 < 0.001

Age 

Linear effect/year 0.01 0.005 0.001 to 0.02 0.04

Time on ERTf < 0.001

Not on ERT 41 0.00

< 12 months 68 0.86 0.18 0.51 to 1.21 < 0.001

12–36 months 155 1.11 0.15 0.81 to 1.40 < 0.001

> 36 months 712 1.18 0.15 0.88 to 1.47 < 0.001

Varianceg components

Individual 1.08

Centre 0.12

Residual 0.66

CI, confidence interval.
a	 N

Data
 refers to the number of data points contributing to the model after exclusion of missing values. Note that individual patients may 

contribute multiple data points to the model.
b	 The model estimates give an indication of the effect size for each variable. The interpretation depends on whether the variable concerned is 

being considered as a categorical or continuous measure. For example, the estimate of –1.77 for females shown above indicates that the 
expected outcome for women is 1.77 units lower than the outcome for men. Considering age as a continuous variable, the estimate of 0.01 
shown above indicates that the expected outcome increases by 0.01 units for each 1-year increase in age.

c	 The standard error measures the uncertainty in the model estimates. More specifically, the standard error is the standard deviation of the 
sampling distribution for each model estimate. For example, the standard deviation for the linear age effect is 0.005.

d	 The 95% CI is a range within which we are 95% certain that the true population effect lies.
e	 The p-value is the probability that the observed effect might have arisen by chance if no association was present. A significance level of 5% 

has been used as the cut-off for statistical significance in all analyses.
f	 The incremental effect of time on ERT on age-adjusted outcome was categorised in the longitudinal models for Pompe disease, Gaucher 

disease and Fabry disease. In the above example, not being on ERT was taken as the reference category. The estimate of 0.86 for the 
category < 12 months indicates that patients on ERT for < 12 months have an expected outcome of 0.86 units more than patients not on ERT. 
Owing to sample size constraints, the models for NPC, MPS I and MPS II assumed a simple linear relationship between age-adjusted outcome 
and time on ERT.

g	 The variance components quantify the variation in outcome attributable to different levels of the model, after adjustment for age, gender and 
time on ERT (Centre = differences due to treatment centre, Individual = differences between individuals, Residual = variation between visits for 
individual patients). In the above example, the largest source of variation is due to differences between individuals (i.e. patient heterogeneity). 
The estimated centre variance component of 0.12 suggests that there are some differences in the outcome between centres that are not 
explained by age, gender or length of time on ERT. We note that the variance components are expressed as variances rather than standard 
deviations throughout the report. This facilitates direct comparison of the relative contribution to variance of the different components.
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of contacts; the typical length of each contact (in minutes); whether or not the visit/care was 
provided at home; and, if the service was paid for privately, the amount paid per attendance/use. 
It is important to note that, although ERT infusion sessions were reported in the questionnaire 
data, and are costed in the analyses, these costs do not include the actual ERT drug acquisition 
costs that are borne by the National Specialised Commissioning Team (NSCT) (and the NHS). 
The per patient annual costs of providing ERT are calculated and shown separately in each 
section based on data supplied by the NSCT.

Total costs for each service type were calculated by multiplying the number of episodes of each 
type of service use (e.g. inpatient stay days, outpatient appointments or GP visits) either by the 
NHS reference cost for that type of episode of care or by the mean number of contact hours 
reported per episode and the hourly cost to the public sector for the different types of health- and 
social-care professional. The unit costs used for each type of health- or social-care service or 
professional and the sources of the unit costs are shown for each condition. The main source of 
unit costs for hospital care was the NHS reference costs 2009–2010239 (for primary care trusts and 
NHS trusts combined), and the main source of the cost per hour of client/patient contact time for 
carers and other support workers normally based outside hospitals was the Unit Costs of Health 
and Social Care 2010.240 Therefore the base year for the analysis is 2010. Table 11 shows the unit 
costs used to calculate the total NHS and social-care costs per LSD patient.

To test for linear or non-linear associations between costs and time on ERT we also fitted 
regression models (generalised estimated equations with a gamma distribution and a log-link 
function) to total costs, hospital costs and community costs. The use of such gamma models 
allows for covariates to be estimated in terms of their multiplicative effect, allowing the 
expression of findings as a percentage reduction or increase in mean costs.241 For these analyses 
we used the same demographic covariates as those used for analysing the potential impact of ERT 
on continuous measures of clinical effectiveness.

The cost and resource use data were analysed using PASW® Statistics 18 (SPSS Inc., Chicago, IL, 
USA). To avoid impressions of spurious accuracy, all mean and median costs are reported to the 
nearest £100 if > £1000, to the nearest £10 if < £1000 and to the nearest £1 if < £100.

edf = 7.5, p < 0.001
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FIGURE 3  Example graph of estimated relationship between age- and gender-adjusted outcome and time on ERT.
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TABLE 11  Unit costs for NHS or social-care services or contact time with different support providers

Question 
number Resource type and unit Unit cost (£) Source

2a Inpatient stays – elective 940 per day NSRC2009–10 (sheet TPCTEI)

2a Inpatient stays – non-elective short-
stay (1 day/night)

535 per day NSRC2009–10 (sheet TPCTNEI_S)

2a Inpatient stays – non-elective long-
stay (> 1 day/night)

403 per day NSRC2009–10 (sheet TPCTNEI_L)

2b, 2c or 3 *ERT Infusions in hospital 297 per episode NSRC2009–10 (sheet: TPCTCHEMTHPY_DEL_oth code 
SB14Z = deliver complex chemotherapy, including prolonged infusional 
treatment at first attendance)

2b or 3 *LSD annual/6-monthly check-up 470 per episode NSRC2009–10 (sheet: TPCCLFUSFF consultant-led face to face 
outpatients 261 = paediatric metabolic disease)

Various *Kidney dialysis 157 episode 
session

NSRC2009–10 renal dialysis outpatient (sheet: TPCTRENAL_OP)

2b Hospital outpatient clinics

Unless were for * (above)

99 per 
appointment

NSRC 2009–10 face to face outpatient appointments (weighted 
average, consultant and non-consultant-led, first attendance and 
follow-ups)

2c Day hospital stays

Unless were for * (above)

668 per 
admission

NSRC2009–10 (sheet: TPCTDC)

2d A&E attendances 103 per 
attendance

NSRC2009–10 A&E services not leading to admitted (Sheet: 
TPCTAandEMSNA)

2b Hospital outpatient clinics 99 per 
appointment

NSRC2009–10 face-to-face outpatient appointments (weighted 
average, consultant and non-consultant led, first attendance and 
follow-ups)

1 Visit to GP 163 UC2010 Section 10.8b (per hour of patient contact)a

1 GP home visit 270 UC2010 Section 10.8b (home visit at £4.50 per minute)a

2 GP practice nurse consultation 10 UC2010 Section 10.6 (GP practice nurse, per consultation)

3 District nurse 64 UC2010 (community nurse, per hour with patient)

4 Community mental health nurse 48 UC2010 (mental health nurse, per hour with patient)

5 Other nurse or health visitor 88 UC2010 Section 10.3 (health visitor, per hour with patient)

6 Counsellor 44 UC2010 Section 2.14 (counselling services in primary medical care, 
per hour with patient or per contact hour)

7 Other therapist – physiotherapistb 37 (at home 39) UC2010 Section 9.1 (physiotherapist, per hour with patient)

7 Other therapist – occupational 
therapistb

38 (at home 39) UC2010 Section 9.2 (NHS occupational therapist, per hour with 
patient)

7 Other therapist – speech/languageb 37 (at home 39) UC2010 Section 9.3 (community speech and language therapist)

7 Other therapist – chiropodist/
podiatristb

22 UC2010 Section 9.4 (community chiropodist/podiatrist)

8 ‘Alternative’ medicine or therapyb 0 Note: highly unlikely to be NHS or publicly-funded or subsidised

9 Psychologist 81 UC2010 Section 9.5 (clinical psychologist, per hour with patient)

10 Psychiatrist 283 UC2010 Section 15.7 (consultant: psychiatric, per hour with patient)

11 Other community-based doctorb As GP if not 
clearly stated

See GP above

12 Occupational therapist 38 (at home 39) UC2010 Section 9.2 (NHS occupational therapist, per hour with 
patient). Note: local authority occupational therapists more costly per 
hour of client contact: £77

13 Social worker – children 147 UC2010 Section 11.3 [social worker (children), per hour with client]

13 Social worker – adult 158 UC2010 Section 11.2 [social worker (adult), per hour with client]

14 Home help/home care worker 25 UC2010 Section 11.6 (local authority home care worker, per hour 
face-to-face weekday contact)

15 Care attendant 25 Assumed same as above

16 Community support worker 25 Assumed same as above

17 Housing worker 25 Assumed same as above

continued
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Changes to original protocol

Changes to the original aims
The original aim of the NCS-LSD study was to collect data on all LSDs for which ERT is currently 
available or being developed, with the intention of including all children and adults diagnosed 
with other LSDs (for which there is currently no treatment) at a later date.

However, the LSDs represent a group of > 70 genetically distinct diseases, and it became apparent 
early on that it would not be possible to include all conditions in this study. The initial choice of 
disorders to be investigated was consequently based on the availability of drug therapies, and it 
was agreed to collect data on the following conditions, for which therapies were already licensed 
or under development:

■■ Gaucher disease
■■ Fabry disease
■■ MPS types I, II, IV and VI
■■ Pompe disease
■■ NPB and NPC
■■ mannosidosis.

However, it emerged that an industry-funded, multicentre, clinical trial of ERT in MPS IV 
patients was commencing, and the ensuing confidentiality clause with the drug manufacturer 
would preclude the collection of clinical data from a large cohort of MPS IV patients until March 
2011. For this reason it was decided not include MPS IV in this study.

Meanwhile, the prevalence of mannosidosis, NPB and MPS VI is known to be very low within 
the UK – the worldwide incidence of alpha-mannosidosis is in the range of 1 per 500,000242 to 
1 per 1,000,000; the incidence of NPB in the UK is estimated to be in the order of 1 : 10,000,000 
(Niemann–Pick Disease Group UK website243), while the worldwide estimates for MPS VI vary 
from 1 : 248,0005 to 1 : 1,300,000,244 or 1100 patients currently worldwide. The study steering 
committee therefore recommended that the cost and time implications for creating a condition-
specific database for each of these diseases were unjustified, and that investigation of more than 
six LSDs would be beyond the scope of the study.

Finally, it was agreed that data would be collected for the following conditions:

■■ Gaucher disease
■■ Fabry disease

Question 
number Resource type and unit Unit cost (£) Source

18 Voluntary workerb 0 Voluntary – unpaid (no cost to NHS or public sector)

19 Day centre/drop-in/social clubb 0 If publicly funded/subsidised, zero marginal cost of modest changes in 
usage by a numerically small patient group20 Self-help groupb 0

A&E, accident and emergency; NSRC2009–10, NHS reference sosts 2009–2010239; UC2010, Unit Costs of Health and Social Care 2010.240

a	 Per hour of client or patent contact including direct care staff costs, but excluding qualification/training costs.
b	 For these services or providers respondents could specify what specific type of carer, professional or group provided the service.

TABLE 11  Unit costs for NHS or social-care services or contact time with different support providers (continued)



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Wyatt et al. under the terms of a commissioning contract issued by the Secretary of State for Health. This 
issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that suitable 
acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

77� Health Technology Assessment 2012; Vol. 16: No. 39DOI: 10.3310/hta16390

■■ MPS I
■■ MPS II
■■ Pompe disease
■■ NPC.

Our decision to limit our data collection to these conditions meant that it was not possible to 
fulfil our fourth primary objective, i.e. to describe the natural history of LSDs where ERT is 
likely to become available.

Amendments to the protocol
Approvals for amendments to the study protocol and documentation sought and obtained from 
the South West MREC (Table 12).

TABLE 12  Amendments approved by the MREC

Amendment number/
date Reason for amendment

Substantial amendment 1

Approved 29 April 2008

The protocol and initial documentation were amended in response to MREC request

Substantial amendment 2

Approved 10 December 
2008

The protocol was amended to meet the requirements of the Mental Capacity Act and address the process of 
consenting adults who lack understanding into the study. Two additional consent forms for people who lacked capacity 
were created

Substantial amendment 3

Approved 7 August 2009

The protocol was revised to allow the follow-up letter and PIS to be resent to patients who were missed at their annual 
appointment

Substantial amendment 4

Approved 25 September 
2009

The protocol was amended to allow the collection of additional QoL and service-use information from patients who 
were on reduced or altered treatment regimen owing to a world shortage in their ERT drugs

Substantial amendment 5

Approved 28 October 
2009

The protocol was amended to include the FSS in the suite of questionnaires that were given to participants

Letters were approved to explain to patients with MPS IV and MPS VI that data collection had been deferred for these 
conditions

Substantial amendment 6

Approved 8 December 
2009

The protocol was amended to post additional sets of questionnaires to patients who are on an altered treatment 
regime owing to a world shortage in their ERT

Substantial amendment 7

Approved 22 April 2010

The protocol was amended to allow patients who were previously incorrectly consented to be reconsented into the 
study

Substantial amendment 8

Approved 29 April 2010

The protocol was amended to allow follow-up QoL questionnaires to be posted to patients missed at their annual 
appointment

Substantial amendment 9

Approved 10 September 
2010

The protocol was amended to allow a final set of follow-up QoL questionnaires to be posted to patients who had not 
completed such questionnaires during the previous 4 months





© Queen’s Printer and Controller of HMSO 2012. This work was produced by Wyatt et al. under the terms of a commissioning contract issued by the Secretary of State for Health. This 
issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that suitable 
acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

79� Health Technology Assessment 2012; Vol. 16: No. 39DOI: 10.3310/hta16390

Chapter 3  

Results – Gaucher disease

Patient characteristics

At the start of the study, 272 patients were identified by the treating centres as having Gaucher 
disease. Of these, 223 were deemed eligible for inclusion and 185 patients (83% of those deemed 
eligible) were approached in clinic and invited to participate. One hundred and seventy-five 
patients (95% of those approached), comprising 75 males and 100 females, agreed to participate 
in the study. Patient demographic characteristics are presented in Tables 13 and 14.

Twenty-five of the participants were children and 150 were adults, with the average age of 
patients with Gaucher disease at recruitment being 46.4 (range 16.8–83.1) years for adults and 
9.74 (range 1.14–15.6) years for children.

Owing to the world shortage of some ERTs (as discussed in Chapter 1), patients with Gaucher 
disease attended their treating clinic more regularly during the later period of data collection, 
and clinical data were collected at each visit. We collected data from 156 patients at a second data 
point, and from 74 patients at a third data point. For six patients, we had five prospective data 
points. The number of retrospective data points per patient ranged from 1 to 15.

At recruitment to the study, 155 patients were on ERT (131 adults and 24 children), with the 
average time on ERT being 10.8 (range 0–17.8) years for adults and 6.27 (range 0–13.7) years for 
children. Of those on ERT, 142 patients (120 adults and 22 children) were recorded as receiving 
imiglucerase, one adult was receiving alglucerase, one adult was receiving taliglucerase alpha and 
10 patients (eight adults and two children) received velaglucerase. The type of ERT for one adult 
patient at recruitment remained unknown. A further nine patients (eight adults and one child) 
received SRT (miglustat), whereas 11 adults were not on ERT or SRT. Of the 142 patients on 
imiglucerase at recruitment, 14 patients stopped treatment owing to shortage of this therapy.

The sample was stratified by age [≥ 16 years (adult) compared with < 16 years (child)] and 
by splenectomy status for modelling of platelet counts and bone pain. Once patients began 
receiving SRT their data were excluded from further analyses. With the exception of neurological 
measures, the patients with GD1 and GD3 disease were included together in all the models.
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TABLE 13  Patient demography characteristics – adults

Patient characteristic

Gender

	 Male, n 65

	 Female, n 85

Age at recruitment (years)

	 Mean (SD), n 46.4 (14.7)

	 Median (min.–max.) 46.6 (16.8–83.1)

Age at diagnosis (years)

	 Mean (SD), n 24.8 (16.8)

	 Median (min.–max.) 21.9 (0–72.2)

Type of Gaucher disease

	 GD1, n 145

	 GD3, n 5

Splenectomised

	 Yes, n 48

	 No, n 102

Initial treatment

	 Not on ERT, n 11

	 ERT, n 135

	 Clinical triala, n 4

Initial type of ERT

	 Imiglucerase, n 78

	 Alglucerase, n 55

	 Velaglucerase alpha, n 2

Treatment at recruitment

	 Not on ERT, n 11

	 ERT, n 131

	 SRT, n 8

Type of ERT at recruitment

	 Imiglucerase, n 120

	 Alglucerase, n 1

	 Taliglucerase alpha, n 1

	 Velaglucerase alpha, n 8

	 Unknown, n 1

Age at first infusion (years)

	 Mean (SD) 35.2 (15.2)

	 Median (range) 35.9 (1.68–80.5)

Time on ERT (years) at recruitment 

	 Mean (SD) 10.8 (4.7)

	 Median (min.–max.) 11.7 (0–17.8)

max., maximum; min., minimum; SD, standard deviation.
a	 Patients were initially part of a RCT of ERT.
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TABLE 14  Patient demography characteristics – children

Patient characteristic

Gender

	 Male, n 10

	 Female, n 15

Age at recruitment (years)

	 Mean (SD) 9.74 (4.1)

	 Median (min.–max.) 9.98 (1.14–15.6)

Age at diagnosis (years)

	 Mean (SD) 3.25 (2.8)

	 Median (min.–max.) 2.17 (0–11.1)

Type of Gaucher disease

	 GD1, n 14

	 GD3, n 11

Splenectomised

	 Yes, n 2

	 No, n 23

Initial treatment

	 Not on ERT, n 0

	 ERT, n 25

	 Clinical triala, n 0

Initial type of ERT

	 Imiglucerase, n 22

	 Alglucerase, n 2

	 Missing, n 1

Treatment at recruitment

	 Not on ERT, n 0

	 ERT, n 24

	 SRT, n 1

Type of ERT at recruitment

	 Imiglucerase, n 22

	 Alglucerase, n 0

	 Taliglucerase alpha, n 0

	 Velaglucerase alpha, n 2

Age at first infusion (years)

	 Mean (SD) 3.49 (2.8)

	 Median (range) 2.57 (0.24–11.4)

Time on ERT (years) at recruitment 

	 Mean (SD) 6.27 (4.3)

	 Median (min.–max.) 5.57 (0–13.7)

max., maximum; min., minimum; SD, standard deviation.
a	 Patients were initially part of a RCT of ERT.



82 Results – Gaucher disease

Key markers of Gaucher disease progression

The following measures were identified as key markers of disease progression:

■■ platelet count
■■ Hb
■■ absence/presence of bone pain
■■ spleen volume/size
■■ liver volume/size
■■ liver function tests.

In addition, adults completed the SF-36, the EQ-5D, the FSS and the Service Use and 
Costs Questionnaire, while children or their carers completed the age-appropriate PedsQL 
questionnaire. Carers of children or adults were asked to complete the Service Use and Costs 
Questionnaire and the CSI.

Longitudinal models were fitted to assess relationships between continuous measures of function 
and length of time on ERT, after adjustment for age and clustering by centre. In the base models, 
the effect of time on ERT was categorised as (1) not on ERT; (2) < 12 months on ERT; (3) 
12–36 months on ERT; and (4) > 36 months on ERT. Further analysis was conducted to explore 
the possibility that time spent on ERT would have a non-linear effect on function. Patients 
contributed data points to the model both before and after starting ERT. A Bayesian version of 
the model was used for generating expected trajectories to illustrate model predictions about the 
effect of starting ERT treatment at different ages.

Summary of Gaucher disease results

These data provide strong evidence for an association between time on ERT and a clinically 
significant improvement in platelet count and Hb in adults, irrespective of whether or not they 
have undergone splenectomy, and in children. There is also a strong, statistically significant 
association between time on ERT and a clinically important decrease in the likelihood of having 
an enlarged spleen or liver based on estimated spleen volumes from scans or on palpation. In all 
of these analyses the data appear to suggest very substantial improvements over the first years 
of treatment (lasting perhaps 5–10 years) and then a plateauing of the effect. The shape of these 
relationships needs to be interpreted with caution owing to the wider CIs around the effect size 
associated with longer periods on ERT.

Data for liver function tests were difficult to interpret because of differences in methods of 
analysis and normal ranges across centres. When considering aspartate transaminase (AST) 
results in adults, we found a strong association between time on ERT and reduced AST levels, as 
well as a lower risk of a having an ‘abnormal’ AST level. No association was found in children, 
possibly as a result of sparse data.

The data provide some evidence that a longer duration of ERT may be associated with a reduced 
risk of bone pain in adults and children.

The data provide no evidence of an association between duration of ERT and either subscale 
of the SF-36, or either the EQ-5D or visual analogue scale (VAS) score or the FSS. Similarly, no 
association was seen between duration of ERT and the total PedsQL score, although a significant 
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reduction was seen in the social functioning score with time on ERT. No evidence was found for 
a relationship between the time on ERT and the burden of carers, as assessed by the CSI.

Platelet count

Adults
We have platelet counts for 138 adult patients. A total of 925 measurements for platelet count 
were recorded for these patients across all time points. Platelet counts ranged from 11 × 109/l 
to 798 × 109/l. A linear mixed model for platelet count in adults (not shown) confirmed that 
there was a significant relationship between splenectomy status and estimated platelet count, 
with the model suggesting that splenectomised patients had a mean platelet count 81.7 × 109/l 
higher than non-splenectomised patients (95% CI 61.3 to 102.1 × 109/l; p < 0.001). In order to 
examine the differences in treatment effects in the two groups of patients, the data for platelet 
count were stratified by splenectomy status. Five patients were splenectomised after their first 
recorded data point and therefore their data contributed to the analyses for splenectomised and 
non-splenectomised patients.

Splenectomised patients
We have platelet counts for 47 splenectomised adult patients. A total of 375 measurements for 
platelet count were recorded for these patients across all time points. Platelet counts ranged from 
28 × 109/l to 798 × 109/l.

The results presented in Table 15 show a statistically significant association between age and a 
decline in platelet count (p < 0.001) in splenectomised adults with Gaucher disease. There is a 
statistically significant association between platelet count and time on ERT (p = 0.002) with the 
model suggesting a platelet count 68.2 × 109/l higher in those treated for ≥ 3 years compared with 
the untreated (95% CI 31.1 to 105.2 × 109/l). In this initial analysis, we considered the response 
to treatment with all patients on ERT for > 36 months considered in a single group despite the 
considerable within-group heterogeneity in time on ERT.

TABLE 15  The association between time on ERT and platelet count (× 109/l) in splenectomised adults with Gaucher 
disease (linear mixed-effects model)

NData

Estimate of change in 
platelet count (× 109/l) Standard error 95% CI p-value

Gender

	 Male 127 0.00

	 Female 248 –0.32 25.4 –50.1 to 49.5 0.99

Age 

	 Linear effect/year –4.40 0.98 –6.32 to –2.48 < 0.001

Time on ERT

	 Not on ERT 14 0.0 0.002

	 < 12 months 26 38.0 20.8 –2.76 to 78.7 0.06

	 12–36 months 58 57.5 18.5 21.2 to 93.7 0.002

	 > 36 months 277 68.2 18.9 31.1 to 105.2 < 0.001

Variance components

	 Individual 15,462

	 Centre 611

	 Residual 3099



84 Results – Gaucher disease

Further analysis was conducted to explore the overall shape of the relationship between platelet 
count and time on ERT (considering actual time of ERT rather than categorising into four groups 
as in the previous analysis). Figure 4 illustrates the significant non-linear effect of time on ERT 
(edf = 2.33; p = 0.01). This graph appears to suggest that the effect of ERT peaks at around 7 years 
after commencement of ERT. The apparent decline seen in the graph should be viewed with 
caution, as demonstrated by the wide CIs around the line.

Non-splenectomised patients
A total of 550 measurements for platelet count were recorded for the 96 non-splenectomised 
adult patients across all time points. The measurements range from 11 × 109/l to 670 × 109/l.

The results presented in Table 16 show a statistically significant association between age and a 
decline in platelet count (p = 0.008). There is a statistically significant association between platelet 
count and time on ERT (p < 0.001) with the model suggesting a platelet count 74.3 × 109/l higher 
in those treated for ≥ 3 years compared with the untreated (95% CI 59.2 to 89.4 × 109/l). In this 
initial analysis, we considered the response to treatment with all patients on ERT for > 36 months 
considered in a single group despite the considerable within-group heterogeneity in time on ERT.

Further analysis was conducted to explore the overall shape of the relationship between platelet 
count and time on ERT (considering actual time of ERT rather than categorising into four groups 
as in the previous analysis). Figure 5 illustrates the significant non-linear effect of time on ERT 
(edf = 2.92; p < 0.001). This graph appears to suggest that the effect of ERT plateaus at around 
8 years after commencement of ERT. The exact shape of the line in the later years should be 
viewed with caution as demonstrated by the wide CIs around the line.
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FIGURE 4  The age-adjusted association between time on ERT and platelet count in splenectomised adults with 
Gaucher disease (time on ERT treated as a continuous variable).
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Bayesian projections
As an aid to illustrating the findings of the longitudinal model for platelet counts, we used a 
Bayesian version of the model to make predictions about the outcomes for untreated patients 
and the expected trajectories for patients starting ERT at different ages (Figure 6). Three different 
treatment scenarios were considered: (1) the patient remains untreated through adulthood; (2) 
the patient starts ERT at the age of 18 years (close to the mean age at diagnosis); and (3) the 
patient commences ERT at the age of 45 years. It should be noted that these are mean trajectories 
and in the interest of clarity the credible intervals around these trajectories are not shown.

TABLE 16  The association between time on ERT and platelet count (× 109/l) in non-splenectomised adults with Gaucher 
disease (linear mixed-effects model)

NData

Estimate of change in platelet 
count (× 109/l) Standard error 95% CI p-value

Gender

	 Male 260 0.00

	 Female 290 15.6 12.8 –9.48 to 40.7 0.22

Age 

	 Linear effect/year –0.90 0.34 –1.56 to –0.23 0.008

Time on ERT

	 Not on ERT 21 0.00 < 0.001

	 < 12 months 35 24.1 8.1 8.22 to 39.9 0.003

	 12–36 months 81 47.7 7.26 33.5 to 61.9 < 0.001

	 > 36 months 413 74.3 7.69 59.2 to 89.4 < 0.001

Variance components

	 Individual 8069.2

	 Centre 0.00

	 Residual 632
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FIGURE 5  The age-adjusted association between time on ERT and platelet count in non-splenectomised adults with 
Gaucher disease (time on ERT treated as a continuous variable).
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The model suggests that, in the absence of treatment, platelet counts in non-splenectomised 
patients decline at a rate of approximately 1 × 109/l/year through adulthood. Figure 6 suggests 
that for patients who commence treatment at 18 years of age, platelet counts recover to levels 
approaching the normal range (150 × 109/l) after approximately 5 years of being on ERT. For 
patients starting treatment aged 45 years, although the trajectory of their platelet count is of 
greater magnitude, they are unable to attain the same platelet count, because their pre-treatment 
count was greatly reduced.

We specified the Bayesian model to allow the shape of the post-treatment trajectories to depend 
on the age at which ERT is started, to explore the possibility that capacity to respond depends 
on the age at which treatment is commenced or that patients observed in late middle age or old 
age have less aggressive forms of the disease and so may respond more successfully to treatment. 
Although the graph does appear to suggest that patients diagnosed and treated later in life 
respond more quickly, this observation should be interpreted with caution. Estimates from 
the Bayesian model indicate that there is a 55% probability that first infusion at age 45 years 
will result in greater increases in platelet count after 10 years on ERT than first infusion at age 
18 years. This is not far removed from the 50% probability that would result if age at starting ERT 
had no impact on response to treatment. Our data suggest that, even in patients diagnosed later, 
treatment with ERT can achieve a clinically relevant improvement in platelet count and that there 
is little evidence that age of commencement of treatment affects the patient’s likelihood of benefit.

FIGURE 6  Platelet counts in non-splenectomised adults in different treatment scenarios.
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Children
Splenectomised
We have platelet counts for only two of the splenectomised children; there are insufficient data to 
perform an analysis.

Non-splenectomised
A total of 119 measurements for platelet count were recorded for the 23 non-splenectomised 
children across all time points. The range of these measurements was 14 to 462 × 109/l.

The results presented in Table 17 show no statistically significant association between age and 
platelet count (p = 0.73). There is a statistically significant association between platelet count and 
time on ERT (p < 0.001) with the model suggesting a platelet count 94.2 × 109/l higher in those 
treated for ≥ 3 years compared with the untreated (95% CI 50.3 to 138.1 × 109/l). In this initial 
analysis, we considered the response to treatment with all patients on ERT for > 36 months 
considered in a single group despite the considerable within-group heterogeneity in time on ERT.

Further analysis was conducted to explore the overall shape of the relationship between platelet 
count and time on ERT (considering actual time of ERT rather than categorising into four 
groups as in the previous analysis). Figure 7 illustrates the significant non-linear effect of time 
on ERT (edf = 2.44; p < 0.001). This graph appears to suggest that the effect of ERT plateaus at 
around 5 years after commencement of ERT. The exact shape of the line in the later years should 
be viewed with caution as this is based on sparse data, as demonstrated by the wide CIs around 
the line.

TABLE 17  The association between time on ERT and platelet count (× 109/l) in non-splenectomised children with 
Gaucher disease (linear mixed-effects model)

NData

Estimate of change in platelet 
count (× 109/l) Standard error 95% CI p-value

Gender

	 Male 55 0.00

	 Female 64 9.11 15.2 –20.7 to 38.9 0.55

Age 

	 Linear effect/year 0.78 2.3 –3.73 to 5.28 0.73

Time on ERT

	 Not on ERT 12 0.0 < 0.001

	 < 12 months 24 46.1 21.5 3.91 to 88.2 0.03

	 12–36 months 35 83.4 19.0 46.2 to 120.6 < 0.001

	 > 36 months 48 94.2 22.4 50.3 to 138.1 < 0.001

Variance components

	 Individual 3660

	 Centre 0

	 Residual 2730
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FIGURE 7  The age-adjusted association between time on ERT and platelet counts in non-splenectomised children with 
Gaucher disease (time on ERT treated as a continuous variable).

Haemoglobin

We have Hb values for 146 patients (127 adults and 19 children). A total of 955 measurements for 
Hb were recorded for the 127 adult patients across all time points. The Hb values range from 9 to 
17 g/dl. As Hb levels are primarily determined by bone marrow and not the spleen, data were not 
stratified by spleen status.

Adults
The results presented in Table 18 show there is no significant association between age and 
increase in Hb (p = 0.20). There is a statistically significant association between increasing Hb 
levels and time on ERT (p < 0.001) with the model suggesting a Hb 1.19 g/dl higher in those 
treated for ≥ 3 years compared with the untreated (95% CI 0.87 to 1.50 g/dl). In this initial 
analysis, we considered the response to treatment with all patients on ERT for > 36 months 
considered in a single group despite the considerable within-group heterogeneity in time on ERT.

Further analysis was conducted to explore the overall shape of the relationship between Hb 
and time on ERT (considering actual time on ERT rather than categorising into four groups 
as in the previous analysis). Figure 8 illustrates the significant non-linear effect of time on ERT 
(edf = 2.14; p < 0.001). This graph appears to suggest that ERT continues to have an incremental 
effect for the first 20 years of treatment, although the magnitude of the effect decreases after 
about 7 years. The exact shape of the line in the later years should be viewed with caution, as 
demonstrated by the wide CIs around the line.
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TABLE 18  The association between time on ERT and for Hb (g/dl) in adults with Gaucher disease (linear 
mixed-effects model)

NData Estimate of change in Hb (g/dl) Standard error 95% CI p-value

Gender

	 Male 407 0.00

	 Female 548 –1.78 0.16 –2.09 to –1.46 < 0.001

Age 

	 Linear effect/year 0.007 0.005 –0.003 to 0.02 0.20

Time on ERT

	 Not on ERT 39 0.00 < 0.001

	 < 12 months 61 0.89 0.18 0.54 to 1.24 < 0.001

	 12–36 months 147 1.12 0.16 0.81 to 1.43 < 0.001

	 > 36 months 708 1.19 0.16 0.87 to 1.50 < 0.001

Variance components

	 Individual 0.96

	 Centre 0.09

	 Residual 0.66
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FIGURE 8  The age-adjusted association between time on ERT and Hb in adults with Gaucher disease (time on ERT 
treated as a continuous variable).
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Bayesian projections
Again, the longitudinal model for Hb levels was fitted in a Bayesian framework and used to 
make predictions about how starting ERT at different ages impacts on age-related Hb levels 
(Figure 9). Three different treatment scenarios were considered: (1) the patient remains untreated; 
(2) the patient starts ERT at the age of 18 years; and (3) the patient commences ERT at the age 
of 45 years. It should be noted that these are mean trajectories and in the interest of clarity the 
credible intervals around these trajectories are not shown.

This model provides no strong evidence that the age at commencing ERT affects the degree of 
increase in Hb achieved. The Bayesian probability that first infusion at age 45 years will result in 
greater increases in Hb after 10 years on ERT than first infusion at age 18 years = 52%.

Children
A total of 145 measurements for Hb were recorded for the 19 children across all time points. The 
measurements for Hb in children ranged from 7 to 15 g/dl.

The results presented in Table 19 show a statistically significant association between age and 
increase in Hb (p < 0.001). There is a statistically significant association between increasing Hb 
levels and time on ERT (p < 0.001) with the model suggesting a Hb 1.14 g/dl higher in those 
treated for ≥ 3 years compared with the untreated (95% CI 0.47 to 1.80 g/dl). In this initial 
analysis, we considered the response to treatment with all patients on ERT for > 36 months 
considered in a single group despite the considerable within-group heterogeneity in time on ERT.

Further analysis was conducted to explore the overall shape of the relationship between Hb and 
time on ERT (considering actual time on ERT rather than categorising into four groups as in the 
previous analysis). Figure 10 illustrates a non-linear statistically significant effect of time on ERT 
with increased Hb levels (edf = 2.36; p = 0.02) with the effect appearing to peak at approximately 
4 years. However, the shape of the line should be viewed with caution, as demonstrated by the 
wide CIs around the line.

FIGURE 9  Haemoglobin levels in adults with different treatment scenarios.
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Bone pain

Adults
Reports of bone pain in the previous 12 months were recorded. As splenectomised patients have 
been reported to be at increased risk of skeletal complications,245,246 we have adjusted for this in 
the model. We have bone pain data on 175 patients (150 adults and 25 children) and a total of 636 
recordings for bone pain (pain or no pain) were obtained for the 150 adults across all time points.

The data in Table 20 suggest there was no significant association between bone pain and age 
(p = 0.14) or gender (p = 0.75).

TABLE 19  The association between time on ERT and Hb (g/dl) in children with Gaucher disease (linear 
mixed-effects model)

NData Estimate of change in Hb (g/dl) Standard error 95% CI p-value

Gender

	 Male 58 0.00

	 Female 87 –0.32 0.24 –0.79 to 0.15 0.17

Age 

	 Linear effect/year 0.14 0.03 0.08 to 0.19 < 0.001

Time on ERT

	 Not on ERT 13 0.00 < 0.001

	 < 12 months 26 1.07 0.34 0.40 to 1.74 0.002

	 12–36 months 42 1.41 0.30 0.82 to 1.99 < 0.001

	 > 36 months 64 1.14 0.34 0.47 to 1.80 0.001

Variance 
components

	 Individual 0.26

	 Centre 0.41

	 Residual 0.82
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FIGURE 10  The age-adjusted association between time on ERT and Hb levels in children with Gaucher disease (time 
on ERT treated as a continuous variable).
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Splenectomised adults had significantly higher odds of bone pain than non-splenectomised 
adults [odds ratio (OR) 3.45, 95% CI 1.52 to 7.82; p = 0.003]. After adjusting for splenectomy 
status, the risk of having bone pain is reduced with time since starting on ERT, although the 
relationship is not statistically significant in this model where time on ERT is categorised into 
four groups (p = 0.35).

Further analysis was conducted to explore the overall shape of the relationship between bone 
pain and time on ERT, treating time as a continuous variable. Figure 11 shows this relationship 
to be highly significant (edf = 1; p = 0.001). The latter formulation of the model is able to take 
account of the shape of the relationship within the large heterogeneous group of patients who 

TABLE 20  The association between time on ERT and bone pain in adults with Gaucher disease (linear 
mixed-effects model)

NPain NNo pain OR 95% CI p-value

Gender

	 Male 148 109 1.00

	 Female 240 139 1.13 0.53 to 2.37 0.75

Splenectomy

	 No 199 197 1.00

	 Yes 189 51 3.45 1.52 to 7.82 0.003

Age 

	 Linear effect/year 1.02 0.99 to 1.04 0.14

Time on ERT

	 Not on ERT 18 5 1.00 0.35

	 < 12 months 24 15 0.42 0.09 to 1.89 0.26

1	2–36 months 65 36 0.44 0.11 to 1.70 0.23

	 > 36 months 281 192 0.33 0.09 to 1.20 0.09

OR, odds ratio.
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FIGURE 11  The age-adjusted association between time on ERT and bone pain in adults with Gaucher disease (time on 
ERT treated as a continuous variable).
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have been on ERT for > 36 months. This suggests a strong statistically significant relationship 
between time on ERT and reduced risk of bone pain.

Children
A total of 108 recordings for bone pain (pain or no pain) were obtained for the 25 children across 
all time points (Table 21).

As with adults, splenectomised children had higher odds of bone pain (OR 46.5, 95% CI 1.98 
to 1091.8; p = 0.02) than non-splenectomised children, although we only had data on two 
splenectomised children. Overall, the risk of bone pain increased significantly with each year of 
age (OR 1.26, 95% CI 1.04 to 1.54; p = 0.02).

As with adults, after adjusting for splenectomy status and age, the risk of having bone pain is 
reduced with time since starting on ERT, although, again, this does not reach conventional 
levels of statistical significance in this model where time on ERT is categorised into four groups 
(p = 0.09).

Again, further analysis was conducted to explore the overall shape of the relationship between 
bone pain and time on ERT, treating time as a continuous variable. Figure 12 suggests a 
statistically significant linear relationship between time on ERT and reduced risk of bone pain in 
children (edf = 1; p = 0.02).

TABLE 21  The association between time on ERT and bone pain in children with Gaucher disease (linear 
mixed-effects model) 

NPain NNo pain OR 95% CI p-value

Gender

	 Male 12 38 1.00

	 Female 21 37 0.57 0.11 to 2.90 0.49

Splenectomy

	 No 22 74 1.00

	 Yes 11 1 46.5 1.98 to 1091.8 0.02

Age 

	 Linear effect/year 1.26 1.04 to 1.54 0.02

Time on ERT

	 Not on ERT 4 8 1.00 0.09

	 < 12 months 3 13 0.06 0.005 to 0.88 0.04

	 12–36 months 10 19 0.33 0.04 to 2.71 0.31

	 > 36 months 16 35 0.08 0.007 to 0.98 0.05
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Spleen volume

Adults
We have spleen volume from 63 adult patients, with 298 measurements across all time points. 
The range of spleen volumes was 113–3170 ml (Table 22).

There was no association between spleen volume and age (p = 0.83). We found a statistically 
significant association between time on ERT and decrease in spleen volume in adults (p < 0.001).

TABLE 22  The association between time on ERT and spleen volume in adults with Gaucher disease (linear 
mixed-effects model)

NData

Estimate of change in spleen 
volume (ml) Standard error 95% CI p-value

Gender

	 Male 133 0.00

	 Female 165 –172.6 50.8 –272.2 to –73.03 < 0.001

Age 

	 Linear effect/year –0.36 1.65 –3.59 to 2.87 0.83

Time on ERT

	 Not on ERT 8 0.00 < 0.001

	 < 12 months 21 –500.8 91.2 –679.5 to –322.05 < 0.001

	 12–36 months 44 –734.7 87.8 –906.7 to –562.6 < 0.001

	 > 36 months 225 –972.2 91.6 –1151.7 to –792.6 < 0.001

Variance components

	 Individual 276,920

	 Centre 2678

	 Residual 29,286
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FIGURE 12  The age-adjusted association between time on ERT and bone pain in children with Gaucher disease (time 
on ERT treated as a continuous variable).
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Figure 13 shows the statistically significant non-linear association between spleen volume and 
time on ERT (edf = 2.9; p < 0.001). This analysis suggests a rapid decrease in spleen volume 
following the start of treatment with ERT, with the maximum effect obtained by about 8 years, 
before an apparent plateauing of effect.

Bayesian projections
Again, the longitudinal model for spleen volume was fitted in a Bayesian framework and used 
to make predictions about how starting ERT at different ages impacts on age-related spleen 
volume (Figure 14). Three different treatment scenarios were considered: (1) the patient remains 
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FIGURE 13  The age-adjusted association between time on ERT and spleen volume in adults with Gaucher disease 
(time on ERT treated as a continuous variable).
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FIGURE 14  Spleen volumes in patients with different treatment scenarios.
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untreated; (2) the patient starts ERT at the age of 18 years; and (3) the patient commences ERT at 
the age of 45 years. It should be noted that these are mean trajectories and in the interest of clarity 
the credible intervals around these trajectories are not shown.

Patients who are not on ERT had a mean spleen volume of about 1500 ml, approximately three 
to four times the normal spleen volume in a healthy adult. The data suggest that spleen volume 
remains essentially unchanged over time in untreated adults. This, however, is likely to reflect, 
at least in part, bias owing to an increased likelihood of splenectomy (and hence removal from 
the model) of those patients with substantially enlarged spleens, as well as the heterogeneity of 
disease severity in the older patient population. The model predicts that patients who went on 
ERT at the ages of 18 and 45 years show a similar trajectory, with an initial reduction in spleen 
volume for 7 years, followed by a plateauing off of treatment effect. Estimates from the Bayesian 
model indicate that there is a 83% probability that first infusion at age 45 years will result in a 
greater reduction in spleen volume after 10 years on ERT than first infusion at age 18 years. A 
possible explanation for this finding is that the patients observed in late middle age have less 
aggressive forms of the disease and so may respond more successfully to treatment.

Clinical enlargement of spleen (adults)

Enlargement of the spleen was determined either from a scan or from palpation, with a palpable 
spleen at rest or on inspiration indicating organ enlargement. In this section, for patients for 
whom no palpation data are available, we have included data from their scan volumes, and 
categorised patients whose volume is > 250 ml as ‘enlarged’ (Table 23).

There was no significant association between the risk of an enlarged spleen and age (p = 0.84). 
There was a strong statistically significant association between time on ERT and a reduced risk 
of having an enlarged spleen (p < 0.001) with the model suggesting that the OR for having an 
enlarged spleen after ≥ 3 years of treatment compared with no treatment was 0.02 (95% CI 0.001 
to 0.34). In this initial analysis, we considered the response to treatment with all patients on ERT 
for > 36 months in a single group despite the considerable within-group heterogeneity in time 
on ERT.

TABLE 23  The association between time on ERT and the odds of having an enlarged spleen in adults with Gaucher 
disease (linear mixed-effects model)

NEnlarged NNormal OR 95% CI p-value

Gender

	 Male 131 38 1.00

	 Female 138 56 0.67 0.22 to 2.03 0.48

Age 

	 Linear effect/year 0.99 0.96 to 1.03 0.84

Time on ERT

	 Not on ERT 15 1 1.0 < 0.001

	 < 12 months 26 3 0.24 0.009 to 6.26 0.39

	 12–36 months 47 10 0.08 0.004 to 1.43 0.09

	 > 36 months 181 80 0.02 0.001 to 0.34 0.007
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Further analysis was conducted to explore the overall shape of the relationship between time on 
ERT (considering actual time on ERT rather than categorising into four groups as in the previous 
analysis) and the log-odds of having an enlarged spleen. Figure 15 illustrates an apparently linear 
association between the log-odds of enlarged spleen and time on ERT in people with Gaucher 
disease (edf = 1; p < 0.001).

Liver size

We have liver volume data for 67 adult patients, and a total of 529 measurements for liver volume 
were recorded for these patients across all time points. The range of these measurements was 
204–4500 ml (Table 24).

There was a significant association between age and reduced liver volume (p < 0.001). There was a 
statistically significant association between time on ERT and decline in liver volume (p < 0.001). 
It is likely that the apparent decrease in the volume with age reflects, at least in part, differences in 
severity by age at diagnosis in our data set.

Further analysis was conducted to explore the overall shape of the relationship between liver 
volume and time on ERT (considering actual time on ERT rather than categorising into four 
groups as in the previous analysis). Figure 16 illustrates a statistically significant non-linear effect 
of time on ERT (edf = 2.92; p < 0.001). This suggests a rapid effect of ERT over the first 5 years of 
treatment followed by an apparent plateauing of the effect.
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FIGURE 15  The age-adjusted association between time on ERT and the risk of having an enlarged spleen in adults with 
Gaucher disease (time on ERT treated as a continuous variable).
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Liver from scan and palpation

As for the spleen, enlargement of the liver was determined either from a scan or from palpation, 
with a palpable liver at rest or on inhalation indicating organ enlargement. In this section, 
for patients for whom no palpation data are available, we have included data from their scan 
volumes, and categorised patients whose liver volume is > 1660 ml as ‘enlarged’ (Table 25).

There was a significant reduction in the odds of enlarged liver with age (p = 0.008). There was a 
strong, statistically significant, association between time on ERT and a reduced risk of having 
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FIGURE 16  The age-adjusted association between time on ERT and liver volume in adults with Gaucher disease (time 
on ERT treated as a continuous variable).

TABLE 24  The association between time on ERT and liver volume in adults with Gaucher disease (linear 
mixed-effects model) 

NData

Estimate of change in liver 
volume (ml) Standard error 95% CI p-value

Gender

	 Male 204 0.0

	 Female 325 –222.1 76.2 –371.4 to –72.7 0.03

Age 

	 Linear effect/year –10.4 2.52 –15.3 to –5.46 < 0.001

Time on ERT

	 Not on ERT 15 0.0 < 0.001

	 < 12 months 31 –392.0 74.3 –537.6 to –246.4 < 0.001

	 12–36 months 82 –658.7 66.4 –788.8 to –528.5 < 0.001

	 > 36 months 401 –801.9 69.2 –937.5 to –666.3 < 0.001

Variance components

	 Individual 323,911

	 Centre 11,203

	 Residual 37,862
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an enlarged liver (p < 0.001), with the model suggesting that the OR for having an enlarged 
liver after ≥ 3 years of treatment compared with no treatment was 0.06 (95% CI 0.01 to 0.25; 
p < 0.001). In this initial analysis, we considered the response to treatment of all patients on ERT 
for > 36 months in a single group despite the considerable within-group heterogeneity in time 
on ERT.

Further analysis was conducted to explore the overall shape of the relationship between time on 
ERT (considering actual time on ERT rather than categorising into four groups as in the previous 
analysis) and the log-odds of having an enlarged liver. Figure 17 illustrates the relationship 
between liver size and time on ERT. The risk of liver enlargement appears to decrease during the 
first 10 years of treatment and then plateau (edf = 2.7; p < 0.001) although again interpretation 
of the shape of the relationship over time needs to take account of the wide confidence limits, 
particularly with longer duration of treatment, when the data become more sparse.

TABLE 25  The association between time on ERT and the odds of having an enlarged liver in adults with Gaucher 
disease (linear mixed-effects model) 

NEnlargd NNormal OR 95% CI p-value

Gender

	 Male 143 88 1.00

	 Female 179 180 0.58 0.25 to 1.35 0.21

Age 

	 Linear effect/year 0.96 0.94 to 0.98 0.008

Time on ERT

	 Not on ERT 21 4 1.0 < 0.001

	 < 12 months 33 9 0.51 0.09 to 2.67 0.42

	 12–36 months 59 32 0.17 0.04 to 0.78 0.02

	 > 36 months 209 223 0.06 0.01 to 0.25 < 0.001
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FIGURE 17  The age-adjusted association between time on ERT and the risk of having an enlarged liver in adults with 
Gaucher disease (time on ERT treated as a continuous variable).
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Bayesian projections
The longitudinal model for liver volume was fitted in a Bayesian framework and used to make 
predictions about how starting ERT at different ages impacts on age-related liver volume 
(Figure 18). Three different treatment scenarios were considered: (1) the patient remains 
untreated; (2) the patient starts ERT at the age of 18 years; and (3) the patient commences ERT at 
the age of 45 years. It should be noted that these are mean trajectories and in the interest of clarity 
the credible intervals around these trajectories are not shown.

The model predicts that patients who are not on ERT had a mean liver volume of > 2500 ml, 
approximately 125% that of the normal liver volume in a healthy adult. Initiation of treatment 
with ERT results in a reduction in liver volume for the first 10 years of treatment followed by 
a plateau. Estimates from the Bayesian model indicate that there is a 48% probability that first 
infusion at age 45 years will result in a greater reduction in liver volume after 10 years on ERT 
than first infusion at age 18 years.

Liver function tests

Alanine transaminase
Although data were collected on alanine transaminase (ALT) levels there was substantial 
variation between sites in the methods used and ‘normal’ ranges and so further analyses were not 
carried out.

Aspartate transaminase
Adults
AST values for 67 patients were collected from one site. A total of 534 measurements for AST 
were recorded across all time points. Values ranged from 3 to 176 IU/l (Table 26).

FIGURE 18  Liver volume in patients with different treatment scenarios.
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There was a statistically significant association between age and lower AST levels in adults 
(p < 0.001) and a statistically significant association between time on ERT and reduced AST 
levels (p = 0.02). In this initial analysis, we considered the response to treatment with all patients 
on ERT for > 36 months considered in a single group despite the considerable within-group 
heterogeneity in time on ERT.

Further analysis was conducted to explore the overall shape of the relationship between time on 
ERT (considering actual time on ERT rather than categorising into four groups as in the previous 
analysis) and AST. Figure 19 shows the non-linear association between AST levels in adults and 
time on ERT (edf = 2.01; p < 0.001). AST levels decline over the first 15 years before an apparent 
plateauing, although this should be viewed with caution owing to the widening CIs.

TABLE 26  The association between time on ERT and AST levels in adults with Gaucher disease (linear 
mixed-effects model)

NData Estimate of change of AST (IU/l) Standard error 95% CI p-value

Gender

	 Male 188 0.00

	 Female 346 –9.84 4.86 –19.4 to –0.31 0.04

Age 

	 Linear effect/year –0.78 0.15 –1.07 to –0.48 < 0.001

Time on ERT

	 Not on ERT 23 0.00 0.02

	 < 12 months 41 –5.19 4.83 –14.6 to 4.27 0.28

	 12–36 months 90 –6.26 4.33 –14.7 to 2.22 0.15

	 > 36 months 380 –11.5 4.22 –19.7 to –3.23 0.007

Variance components

	 Individual 315.6

	 Residual 318.2
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FIGURE 19  The age-adjusted association between time on ERT and AST levels in adults with Gaucher disease (time on 
ERT treated as a continuous variable).
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In addition to the previous analysis, in a secondary analysis AST data were dichotomised as 
normal/abnormal, and the risk of having a raised AST level (defined as above 40 IU/l according 
to the unit ‘normal’ values) was assessed (Table 27).

The odds of abnormal AST levels in adults were significantly reduced with age (p = 0.001) and 
time on ERT (p = 0.007).

There was a statistically significant association between time on ERT and a reduced risk of having 
raised AST levels (p = 0.007), with the model suggesting that the odds of patients having raised 
AST levels fell by > 70% after ≥ 3 years of treatment (95% CI 0.09 to 0.81; p = 0.02) compared with 
untreated patients.

Children
We have 18 values for AST from six children across all time points, with values ranging from 11 
to 107 IU/l (Table 28).

TABLE 27  The association between time on ERT and the odds of having elevated AST levels in adults with Gaucher 
disease (linear mixed-effects model)

NAbnormal NNormal OR 95% CI p-value

Gender

	 Male 83 105 1.00

	 Female 94 252 0.30 0.11 to 0.81 0.02

Age 

	 Linear effect/year 0.94 0.91 to 0.97 0.001

Time on ERT

	 Not on ERT 12 11 1.00 0.007

	 < 12 months 24 17 1.09 0.31 to 3.85 0.88

	 12–36 months 40 50 0.57 0.18 to 1.74 0.32

	 > 36 months 101 279 0.27 0.09 to 0.81 0.02

TABLE 28  The association between time on ERT and AST levels in children with Gaucher disease (linear 
mixed-effects model)

NData Estimate Standard error 95% CI p-value

Gender

	 Male 2 0.00

	 Female 16 –49.5 21.8 –92.2 to –6.77 0.04

Age 

	 Linear effect/year –1.99 1.24 –4.42 to 0.44 0.12

Time on ERT

Not on ERT 2 0.00 0.34

	 < 12 months 8 2.44 15.5 –27.8 to 32.8 0.87

	 12–36 months 3 –15.0 17.9 –50.1 to 20.1 0.41

	 > 36 months 5 –9.04 17.3 –42.9 to 24.8 0.61

Variance components

	 Individual 133.2

	 Residual 328.8
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There was no statistically significant association between AST levels in children and age (p = 0.12) 
or time on ERT (p = 0.34).

There are insufficient data to fit a model for the dichotomous variable in children.

Neurological involvement

Peripheral neuropathy
At the time of entry into the study, seven GD1 patients were reported to have neurological 
involvement, of whom six were on ERT. Four of the seven with neurological involvement are 
reported to have a peripheral neuropathy, of whom three were on ERT at the time. There were 
insufficient data for further analysis.

Parkinsonian features
Three patients with GD1 were reported to have Parkinsonian features at the time of entry into 
the study. All three of these patients were on ERT at this time. There were insufficient data for 
further analysis.

Quality-of-life assessments

SF-36
One hundred and eighty-seven SF-36 questionnaires were completed across all prospective time 
points by 117 patients.

Data are presented separately below for the physical component score (PCS) and the mental 
component score (MCS) (Tables 29–31).

There was a statistically significant association between lower PCS as age increased (p < 0.001). 
There was no significant association between these scores and time on ERT (p = 0.86). It is 
important to note that because these data were not available in the retrospective data points this 
analysis essentially compares people with different durations of ERT rather than comparing those 
not on ERT with those on ERT (Table 30).

TABLE 29  SF-36 item scores in people with Gaucher disease 

PCS MCS

Overall

Mean (SD) 42.6 (12.4) 50.8 (9.97)

N
Data

187 187

≤ 3 years on ERT 

Mean (SD) 44.2 (12.6) 52.3 (8.3)

N
Data

18 18

> 3 years on ERT 

Mean (SD) 42.3(12.5) 50.8 (10.0)

N
Data

168 168
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TABLE 30  The association between time on ERT and the SF-36 PCS in adults with Gaucher disease (linear 
mixed-effects model)

NData Estimate of change of PCS Standard error 95% CI p-value

Gender

	 Male 79 0.00

	 Female 108 –0.81 2.18 –5.08 to 3.46 0.71

Age 

	 Linear effect/year –0.33 0.07 –0.46 to –0.19 < 0.001

Time on ERT

	 Not on ERT 1 0.00 0.86

	 < 12 months 7 –3.53 6.89 –17.03 to 9.97 0.61

	 12–36 months 11 –0.30 5.77 –11.6 to 11.0 0.96

	 > 36 months 168 –1.27 6.49 –13.9 to 11.4 0.85

Variance components

	 Individual 120.2

	 Centre 0.0

	 Residual 22.8

TABLE 31  The association between time on ERT and the SF-36 MCS in adults with Gaucher disease (linear 
mixed-effects model)

NData Estimate of change of MCS Standard error 95% CI p-value

Gender

	 Male 79 0.00

	 Female 108 –0.66 1.77 –4.13 to 2.81 0.71

Age

	 Linear effect/year –0.011 0.06 –0.13 to 0.11 0.86

Time on ERT

	 Not on ERT 1 0.00 0.84

	 < 12 months 7 5.28 8.25 –10.8 to 21.4 0.52

	 12–36 months 11 4.58 7.32 –9.76 to 18.9 0.54

	 > 36 months 168 3.14 7.67 –11.8 to 18.2 0.68

Variance components

	 Individual 62.4

	 Centre 0.00

	 Residual 38.4

Further analysis was conducted to explore the overall shape of the relationship between time on 
ERT (considering actual time on ERT rather than categorising into four groups as in the previous 
analysis) and PCS. Figure 20 suggests no evidence for a non-linear association between PCS and 
time on ERT (edf = 1.34; p = 0.66)
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There was no significant association between MCS and age (p = 0.86) or time on ERT (p = 0.84). 
It is important to note that because these data were not available in the retrospective data points 
this analysis essentially compares people with different durations of ERT rather than comparing 
those not on ERT with those on ERT (Table 31).

Figure 21 suggests that MCS may decrease with the time on ERT, but this effect did not reach 
conventional levels of statistical significance (edf = 1.62; p = 0.19).
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FIGURE 21  The age-adjusted association between time on ERT and MCS in adults with Gaucher disease.
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FIGURE 20  The age-adjusted association between time on ERT and PCS in adults with Gaucher disease.
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EQ-5D
In addition to the SF-36, participants aged > 13 years were invited to complete the EQ-5D. 
Two hundred and fourteen EQ-5D index scores were generated across all prospective time 
points. Data are presented below for the EQ-5D score (range from –0.32 to 1.0), with 1.0 being 
‘perfect health’.

A longitudinal model was fitted to assess the linear relationship between EQ-5D and time on 
ERT, after adjusting for age (Table 32).

The linear model showed a small, but significant, reduction in EQ-5D score with age (p = 0.02), 
but no significant association was observed between EQ-5D and time on ERT (p = 0.92). No 
evidence was found for a non-linear association between the EQ-5D score and time on ERT 
(edf = 1; p = 0.43) (Figure 22).

Equivalent modelling analyses were also conducted using SF-6D (SF-36-derived) utility weights, 
but no statistically significant associations (at α = 0.05 level) were found with time on ERT. The 
tabulated results of the SF-6D longitudinal modelling analyses are available on request from the 
study authors.

TABLE 32  The association between time on ERT and EQ-5D in people with Gaucher disease (linear 
mixed-effects model)

NData Estimate of change of EQ-5D Standard error 95% CI p-value

Gender

	 Male 90 0.00

	 Female 124 –0.02 0.04 –0.11 to 0.06 0.62

Age 

	 Linear effect/year –0.003 0.001 –0.006 to 
–0.0005

0.02

Time on ERT

	 Not on ERT 2 0.00 0.92

	 < 12 months 7 –0.02 0.12 –0.26 to 0.23 0.88

	 12–36 months 12 0.02 0.11 –0.19 to 0.23 0.87

	 > 36 months 193 –0.02 0.11 –0.23 to 0.18 0.83

Variance components

	 Individual 0.04

	 Centre 0.0008

	 Residual 0.02
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EQ-5D visual analogue scale
In addition to scoring on the five domains of the EQ-5D, participants were asked to rate their 
health on a VAS. The EQ-5D VAS asks people to rate their health state on a 10-cm line from 
0, ‘worst imaginable health state’, to 100, ‘best imaginable health state’. The 209 VAS scores 
completed across all prospective time points ranged from 5 to 100. A longitudinal model was 
fitted to assess the linear relationship between the visual analogue score and time on ERT after 
adjusting for age.

The linear model shown in Table 33 shows a significant association between EQ-5D VAS with age 
(p = 0.03), but no significant association between the EQ-5D VAS and time on ERT was found 
(p = 0.71). No evidence was found for a non-linear association with EQ-5D VAS and time on ERT 
(edf = 1; p = 0.64) (Figure 23).

TABLE 33  The association between time on ERT and the EQ-5D VAS in adults with Gaucher disease (linear 
mixed-effects model)

NData Estimate of change of EQ-5D VAS Standard error 95% CI p-value

Gender

	 Male 88 0.00

	 Female 121 2.22 3.36 –4.37 to 8.81 0.51

Age 

	 Linear effect/year –0.24 0.11 –0.45 to –0.03 0.03

Time on ERT

	 Not on ERT 2 0.00 0.71

	 < 12 months 7 2.63 12.9 –22.6 to 27.9 0.84

	 12–36 months 12 –6.65 11.5 –29.2 to 15.9 0.56

	 > 36 months 188 –1.85 11.2 –23.8 to 20.2 0.87

Variance components

	 Individual 208.9

	 Centre 0.00

	 Residual 196.3
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FIGURE 22  The age-adjusted association between time on ERT and EQ-5D index score in adults with Gaucher disease.
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FIGURE 23  The age-adjusted association between time on ERT and EQ-5D VAS score in adults with Gaucher disease 
(time on ERT treated as continuous variable).

PedsQL
Forty-one PedsQL questionnaires were completed by children with Gaucher disease or their 
carers. Table 34 shows a descriptive summary of the total score and the scores from the 
component scale scores by type of treatment. The scale ranges from 0 to 100, where a higher score 
indicates better HRQoL.

After adjusting for age, a statistically significant reduction was seen in the social functioning 
subscale of PedsQL with time on ERT (p = 0.03), but not for the overall score (Table 35).

TABLE 34  PedsQL scores in children with Gaucher disease 

Physical 
functioning

Emotional 
functioning

Social 
functioning 

School 
functioning

Psychosocial health 
summary score

Physical health 
summary score Total score

Overall

Mean (SD) 61.9 (33.9) 65.38 (19.4) 73.7 (24.1) 56.9 (16.8) 64.06 (16.7) 61.9 (33.9) 62.5 (20.6)

n 39 40 41 38 38 39 36

≤ 3 years on ERT

Mean (SD) 66.4 (27.5) 60.25 (15.9) 85.0 (18.4) 40.1 (7.21) 50.9 (5.89) 66.4 (27.5) 46.9 (4.52)

n 5 4 5 2 2 5 2

> 3 years on ERT

Mean (SD) 69.4 (33.8) 69.3 (19.3) 75.1 (24.4) 61.8 (18.7) 68.7 (17.4) 69.4 (33.8) 70.5 (19.3)

n 10 12 12 12 12 10 10

SD, standard deviation.
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TABLE 35  The association between time on ERT and PedsQL scores in children with Gaucher disease 

Physical 
functioning

Emotional 
functioning

Social 
functioning 

School 
functioning

Psychosocial 
health 
summary score

Physical health 
summary score Total score

Gender

Male 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Female –10.8 11.7 14.9 14.5 10.03 –10.8 –5.96

95% CI –43.8 to 22.1 –7.64 to 31.1 –5.57 to 35.5 –1.53 to 30.6 –7.0 to 27.1 –43.8 to 22.1 –29.5 to 17.6

p-value 0.53 0.25 0.17 0.09 0.26 0.53 0.63

Current age

Mean 
increment/
year

2.02 1.85 2.36 1.95 3.84 2.02 6.73

95% CI –3.27 to 7.32 –1.61 to 5.32 –1.08 to 5.8 –1.48 to 5.37 0.42 to 7.25 –3.27 to 7.32 2.31 to 11.1

p-value 0.46 0.31 0.19 0.28 0.04 0.46 0.009

Time on ERT

Mean 
increment/
year

–1.65 –0.95 –4.25 –0.35 –1.50 –1.65 –0.89

95% CI –6.89 to 3.58 –4.22 to 2.31 –7.72 to –0.77 –2.89 to 2.19 –4.19 to 1.18 –6.89 to 3.58 –4.44 to 2.64

p-value 0.54 0.57 0.03 0.79 0.29 0.54 0.63

Variance components

Individual 895.1 182.3 151.1 0.00 229.1 895.1 404.9

Centre 299.5 0.00 0.00 0.00 0.00 299.5 0.00

Residual 14.53 225.7 324.4 271.4 23.3 14.53 6.78
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Fatigue Severity Scale

One hundred and thirty-four FSS questionnaires were collected. The scores ranged from 1 
to 7 [where a high score (≥ 4) is indicative of significant fatigue].228,229 Exploratory modelling 
suggested no evidence for an association between fatigue and time on ERT (edf = 1; p = 0.57). This 
is well illustrated by Figure 24.

No further longitudinal analysis was conducted because FSSs are only available for prospective 
data points for patients who have been on ERT for > 36 months, and we have no data for patients 
who are not on ERT.
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FIGURE 24  The age-adjusted association between time on ERT and FSS in adults with Gaucher disease (time on ERT 
treated as a continuous variable).
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Carer Strain Index

Sixteen CSI questionnaires were completed across all prospective time points. Data for the CSI 
total score ranged from 2 to 23; the maximum possible score of 26 signifies the greatest degree 
of caregiver burden. A longitudinal model was fitted to assess the linear relationship between the 
CSI and time on ERT, after adjusting for age (Table 36).

The linear model shows a significant reduction in the CSI score with the age of the person they 
are caring for (p = 0.05). No evidence was found for an association between CSI score and time on 
ERT (p = 0.40).

No evidence was found for a non-linear association between the CSI and time on ERT 
(edf = 1.54; p = 0.53) (Figure 25).

TABLE 36  The association between time on ERT and CSI score for carers of people with Gaucher disease

NData Estimate of change of CSI Standard error 95% CI p-value

Gender

	 Male 9 0.00

	 Female 7 –7.62 3.69 –14.8 to –0.38 0.06

Age 

	 Linear effect/year –0.23 0.11 –0.44 to –0.01 0.05

Time on ERT

	 Not on ERT 0 0.00 0.40

	 < 12 months 3

	 12–36 months 2 –3.29 5.99 –15.03 to 8.45 0.59

	 > 36 months 11 1.85 4.43 –6.83 to 10.5 0.68

Variance components

	 Individual 14.8

	 Centre 0.00

	 Residual 10.1
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FIGURE 25  The age-adjusted association between time on ERT and CSI score for carers of Gaucher disease patients.
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Safety and complications

Of the 175 participants with Gaucher disease, no patients reported that they had experienced any 
anaphylactic reactions or febrile reactions or had pre medication. One patient was reported to 
have a positive antibody status to the infused product but did not stop treatment.

Twenty-six patients stopped ERT during the period of data collection. Of these, five patients 
stopped treatment as they were pregnant or breastfeeding, 14 patients stopped because of 
treatment shortages and one stopped because of possible side effects. One patient decided to 
cease treatment, one patient stopped at the end of a clinical trial and no reason for stopping 
treatment was cited for the remaining four patients.

During the course of the study, no patient died from disease-related complications.

Cost of ERT in people with Gaucher disease

Table 37 shows the current purchase cost to the NHS of the ERTs imiglucerase and velaglucerase, 
and the SRT miglustat. Note that the drug costs for velaglucerase include the nursing cost for 
providing the infusion sessions (‘home care’).

Table 38 shows the NSCT-estimated annual NHS per patient cost of providing these drugs. Note 
that these costs include both the drug costs and home-care costs where the NSCT funds them.

TABLE 37  Unit cost of ERT and SRT for Gaucher disease patients

Drug full name Proprietary name and unit 2011 base price per unit (£)

Imiglucerase Cerezyme®, 200 IU 495.65

Imiglucerase Cerezyme®, 400 IU 991.29

Velaglucerase Velaglucerase®, 200 IU 495.65

Velaglucerase Velaglucerase®, 400 IU 991.29

Miglustat (SRT) Zavesca®, 100 mg 46.84

Source: data kindly supplied by the NSCT, in December 2011.

TABLE 38  Annual NHS cost per patient for ERT and SRT for Gaucher disease patients (2011)

Drug Adults Children

Imiglucerase – 1 unit (unbundled) £126,261 £107,404

Velaglucerase – 1 unit £144,868 £187,841

Miglustat £54,320

PPRS, Pharmaceutical Price Regulation Scheme.
Source: data kindly supplied by the NSCT, in January 2012. The data are the full year average costs for those patients taking these drugs at the 
end of December 2011. Based on PPRS prices as set: January 2010 for imiglucerase, September 2010 for velaglucerase and April 2010 for 
miglustat.



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Wyatt et al. under the terms of a commissioning contract issued by the Secretary of State for Health. This 
issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that suitable 
acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

113� Health Technology Assessment 2012; Vol. 16: No. 39DOI: 10.3310/hta16390

Cost of care for adults with Gaucher disease

Total care cost – financial burden of Gaucher disease
Table 39 shows the estimated annual cost to the NHS and publicly funded social-care services 
of caring for an adult with Gaucher disease. Of the estimated mean per patient annual cost of 
£3000, four-fifths is as a result of NHS hospital services used; approximately half of this (£1200 
per patient per year) is from outpatient stays, whereas about a third (£830) is from inpatient visits 
(see Table 40). Of the £750 per patient/year from using services outside hospital, < £90 per patient 
is from GP visits whereas ≥ £500 is due to regular visits from either district nurses, health visitors 
or other nurses (and many of these will be for regular ERT infusions) (see Table 41).

Cost breakdown by hospital- and community-based services
Tables 40 and 41 show the cost breakdown of the hospital and community (non-hospital) services 
and professionals used by adults with Gaucher disease. Only 23 patients, or about one-sixth 
of those adults who provided valid service-use data, had hospital stays as inpatients, but this 
accounted for over one-third of the NHS hospital costs in Gaucher adults. Eight patients had 
annual hospital costs of > £10,000 and three of these had estimated hospital costs of between 
£25,000 and £35,000 (due to treatment for cancer, leg ulcers and kidney dialysis). Over three-
quarters (77%) of patients reported having at least one hospital outpatient attendance during the 
previous 12 months.

The majority of costs related to using community-based services were due to the relatively small 
minority of adults with Gaucher disease who used district nurses (nine patients, 7%) or who 
used health visitors or other nurses regularly (19 patients, 14%). They accounted for £540 of 
the £750 yearly per patient cost of services used outside of hospital. Although over two-thirds 
of adults with Gaucher disease had seen their GP at least once during the past year, and over 
one-third reported seeing a practice nurse at their GP surgery, these accounted for < £90 of the 
£3000 annual cost of NHS and publicly funded social-care services consumed. Other support 
providers used by smaller numbers of adults with Gaucher disease were occupational therapists, 
social workers and home help/home-care workers (see Table 41).

TABLE 39  Estimated annual care costs of adult patients with Gaucher disease (data as at study entry)

Type of service
No. with valid 
resource use data

Per cent of all 
at study entry

No. who used 
this type of 
service

Mean 
cost (£)

Standard 
deviation

Mediana 
cost (£)

Interquartile 
rangea (£)

Hospital services 132 87 107 2400 5166 1100 940–4500

Services outside hospital 132 87 102 750 1815 120 54–330

Total health- (NHS) and 
social-care cost

132 87 118 3000 5577 1400 650–2800

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).
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TABLE 40  Breakdown of the cost of NHS hospital services (adults with Gaucher disease)

Type of hospital care
No. who used this 
type of service (%) Mean cost (£) Standard deviation Median costa (£)

Interquartile rangea 
(£)

Inpatient stays 23 (17) 830 3999 1900 940–3800

Outpatient visits 102 (77) 1200 1953 940 570–1400

Day cases 10 (8) 410 2424 1400 670–7700

Accident and emergency 
visits

7 (5) 12 72 100 100–310

Total hospital (NHS) care 
cost

107 (81) 2400 5166 1100 940–4500

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).

TABLE 41  Breakdown of the cost of NHS and social-care services outside of hospital (adults with Gaucher disease)

Care provider
No. who used 
this provider (%) Mean cost (£)

Standard 
deviation Median cost (£)

Interquartile 
range (£)

GP visits (including home visits) 90 (68) 84 116 82 55–140

GP nurse appointments 49 (37) 5 15 8 5–10

District nurses 9 (7) 120 1072 64 21–4000

Community mental health nurse 0 0 0 0 0–0

Other nurse or health visitor 19 (14) 420 1428 2100 530–4600

Counsellor 1 (1) < 1 3 29 N/A

Other therapist 5 (4) 3 19 37 25–170

‘Alternative’ medicine or therapy 1 (1) < 1 6 74 N/A

Psychologist 1 (1) 1 14 160 N/A

Psychiatrist 0 0 0 0 0–0

Other community-based doctor 0 0 0 0 0–0

Occupational therapist 5 (4) < 1 3 10 6–26

Social worker 3 (2) 5 41 160 53–440

Home help 4 (3) 110 890 2800 25–9100

Care attendant 0 0 0 0 0–0

Community support worker 0 0 0 0 0–0

Housing worker 1 (1) < 1 7 75 N/A

All non-hospital NHS and social-care 
providers

102 (77) 750 1815 120 54–330

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).
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Cost of care for children with Gaucher disease

Total care cost – financial burden of Gaucher disease
Table 42 shows the estimated annual cost to the NHS and publicly funded social-care services 
of caring for a child with Gaucher disease, based on the 20 children whose parents or carers 
supplied service-use data at study entry (mean age 10 years; age range 1.1–15.6 years; eight 
males). Of the estimated mean per patient annual cost of £2900, approximately three-quarters 
is as a result of NHS hospital services used, and of this two-thirds (£1400 per patient per year) 
is from inpatient stays, whereas about 20% (£440) is from outpatient visits (see Table 43). Of 
the £800 per patient/year from using services outside hospital, only £120 per patient is from GP 
visits, whereas > £400 is from regular visits from health visitors or other nurses (see Table 44).

TABLE 42  Estimated annual care costs of child patients with Gaucher disease (data as at study entry)

Type of service

No. with valid 
resource use 
data

Per cent of 
all at study 
entry

No. who used 
this type of 
service

Mean cost 
(£)

Standard 
deviation

Median 
costa (£)

Interquartile 
rangea (£)

Hospital services 20 83 11 2100 2748 2500 1500–6300

Services outside hospital 20 83 20 800 1348 150 110–990

Total health- (NHS) and 
social-care cost

20 83 20 2900 2822 2700 130–4500

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).
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Cost breakdown by hospital- and community-based services
Tables 43 and 44 show the cost breakdown of the hospital and community (non-hospital) services 
and professionals used by children with Gaucher disease. Only eight patients, or three-fifths, of 
those children who provided valid service-use data had hospital stays as inpatients during the 
year, but this accounted for over three quarters of the NHS hospital costs in Gaucher children. 
Three children accumulated inpatient care costs of between £5000 and £7000 each (for a range of 
reasons such as foot surgery, portacath insertions, influenza and chest problems). Only six of the 
children had at least one hospital outpatient attendance during the previous 12 months.

TABLE 43  Breakdown of the cost of NHS hospital services (children with Gaucher disease)

Type of hospital care
No. who used this 
type of service Mean cost (£) Standard deviation Median cost (£)

Interquartile 
range (£)

Inpatient stays 8 1400 2344 2500 1500–6600

Outpatient visits 6 440 747 1400 1200–1800

Day cases 2 190 596 1900 1300–2400

Accident and emergency visits 2 15 50 160 100–210

Total hospital (NHS) care cost 11 2100 2748 2500 1500–6300

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).

TABLE 44  Breakdown of the cost of NHS and social-care services outside hospital (children with Gaucher disease)

Care provider
No. who used 
this provider Mean cost (£)

Standard 
deviation

Median costa 
(£)

Interquartile 
rangea (£)

GP visits (including home visits) 20 120 141 120 44–130

GP nurse appointments 5 3 9 5 2.6–41

District nurses 0 0 0 0 0–0

Community mental health nurse 1 < 1 1.8 8 N/A

Other nurse or health visitor 4 470 1349 210 88–5300

Counsellor 1 5 25 110 N/A

Other therapist 2 6 20 120 37–83

‘Alternative’ medicine or therapy 0 0 0 0 0–0

Psychologist 3 73 200 320 320–810

Psychiatrist 0 0 0 0 0–0

Other community-based doctor 1 8 37 170 N/A

Occupational therapist 4 17 53 38 25–230

Social worker 1 66 296 1300 N/A

Home help 1 22 97 430 N/A

Care attendant 0 0 0 0 0–0

Community support worker 0 0 0 0 0–0

Housing worker 0 0 0 0 0–0

All non-hospital NHS and social-care providers 20 800 1348 150 110–990

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).
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The majority of costs related to using community-based services were as a result of the relatively 
small minority of children with Gaucher disease who used health visitors or other nurses 
regularly (four patients). They accounted for £470 of the £800 yearly per patient cost of services 
used outside of hospital. Although all 20 children with Gaucher disease had seen their GP at 
least once during the past year, and five also reported seeing a practice nurse at their GP surgery, 
together these accounted for < £120 of the £2900 annual cost of NHS and publicly funded social-
care services consumed. Other support providers used by smaller numbers of children with 
Gaucher disease were occupational therapists, psychologists and physiotherapists (see Table 44).

Association between time on ERT and cost of care for people with 
Gaucher disease

From the longitudinal regression modelling of costs, in adult patients with Gaucher disease, there 
was no statistically significant association between time on ERT and either total NHS and social-
care costs, hospital-care costs, or non-hospital-care costs. In child patients with Gaucher disease, 
although there was a statistically significant association between costs and time on ERT (17% 
higher, 95% CI 2% to 34%; p = 0.03), this was based on only 29 data points from 17 children (only 
eight with data from more than one time point) and in the opposite direction to what would be 
expected, and so is probably a spurious result due mainly to two or three high-cost patients who 
happen to also have been on ERT for longer. The tabulated results of these analyses are available 
on request from the study authors.

Discussion of Gaucher disease results

Since the licensing of alglucerase in the early 1990s, there has been a multitude of studies 
examining the efficacy of ERT in people with Gaucher disease (see Chapter 1 and review 
by Connock and colleagues18). Only two of these studies were RCTs;100,101 others analysed 
longitudinal data held on the Genzyme-sponsored Gaucher Registry,93,102,103 whereas others 
were open-label cohort studies. Only one (Schiffmann and colleagues101) compared ERT with a 
concurrent randomised control group.

Among the outcomes assessed in these studies were Hb levels, platelet count, chiotriosidase, 
skeletal manifestations, liver and spleen size, immunoglobulin G (IgG) antibody levels and 
HRQoL. Improvement in nearly all measures at all time points was reported in these studies 
although, given the nature of the studies, interpretation is complex.

In this study, we examined potential associations between treatment and platelet count, Hb levels, 
absence/presence of bone pain, spleen volume/size, liver volume/size and liver function tests. We 
also examined the relationship between treatment and QoL assessed by either SF-36 or PedsQL, 
depending on age. These analyses depend on the fact that patients began treatment with ERT at 
different ages, dependent on the time alglucerase became available.

Platelet count
A significant improvement in platelet count associated with the use of ERT has been consistently 
reported.82,100–104 It has been suggested that a greater degree of improvement is likely in 
individuals with a lower pre-treatment platelet count at the start of treatment.103 Andersson and 
colleagues103 reported that response to treatment for the patients with the most-severe conditions 
at baseline continued in a nearly linear basis over the 8 years of follow-up monitoring, whereas 
patients with the least severe conditions at baseline achieved most of the treatment effect within 
the first 12 months of treatment.
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Splenectomy is followed by rapid increases in erythrocytes and platelets, and is therefore a 
confounding treatment variable in the analysis of platelet count, and so in this data set analyses 
were stratified by splenectomy status.

In splenectomised patients, we found a statistically significant association between platelet count 
and time on ERT. These increases are clinically meaningful, with patients who have been treated 
for ≥ 3 years having adjusted platelet counts a mean of 68.2 × 109/l higher than untreated patients 
(95% CI 31.1 to 105.2 × 109/l; p < 0.001). Further analyses suggested a plateauing of effect at 
around 7 years after commencement of ERT.

We found a similar magnitude of an effect of time on treatment on platelet count among those 
patients who had not been splenectomised. Once again, the model suggested that this effect 
plateaus, in this case after about 8 years of treatment.

Estimates from the Bayesian model indicate that there is a 55% probability that first infusion 
at age 45 years will result in greater increases in platelet count after 10 years on ERT than first 
infusion at age 18 years, suggesting little evidence that age at commencement of treatment affects 
the patient’s likelihood of benefit.

Although data were more limited we saw similar evidence of increases in platelet counts among 
children with duration of ERT.

Haemoglobin
A significant improvement in Hb levels in patients on ERT was reported by many 
studies.92,100,103–105 Again, most of the studies demonstrated a greater degree of improvement in 
individuals with a lower pre-treatment Hb level than in patients in whom Hb is normal at the 
start of treatment; Andersson and colleagues103 reported that, after 8 years of ERT, the median 
Hb level was not substantially different from that of the normal population, and that the mean 
increases in Hb values after 8 years of treatment were 2.9 and 1.0 g/dl for patients in the 5th and 
95th percentiles at baseline, respectively.

We found a statistically significant association between increasing Hb levels and time on ERT, 
with the model suggesting a mean Hb 1.19 g/dl higher in those treated for ≥ 3 years than in the 
untreated (p < 0.001). These data appear to suggest that ERT continues to have an incremental 
effect on Hb levels for the first 20 years of treatment although the magnitude of the effect 
decreases after about 7 years.

As with platelet count, the Bayesian model provides no strong evidence that the age at 
commencing ERT affects the degree of increase in Hb achieved. The Bayesian probability that 
first infusion at age 45 years will result in greater increases in Hb after 10 years on ERT than first 
infusion at age 18 years is 52%.

As seen with platelet counts, our data suggest a significant association between duration of 
treatment with ERT and improved Hb levels in children as well as in adults.

Bone pain
Skeletal manifestations including bone pain, bone crises and bone marrow density were 
examined in a number of previous studies.93–95,101–103,106 Substantial and significant improvements 
in bone pain were reported by Weinreb and colleagues,92 Charrow and colleagues94 and Sims and 
colleagues95 but, in all, the interpretation is complicated by study design.

As splenectomised patients have been reported to be at increased risk of skeletal 
complications,245, 246 all analyses of bone pain in these data have been stratified by splenectomy 
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status. As expected, splenectomised adults had significantly higher odds of bone pain than non-
splenectomised adults (p = 0.003). After adjusting for splenectomy status, although the central 
estimate suggested a decreased risk of bone pain associated with duration of ERT (treated as a 
categorical variable), these findings were not statistically significant. In further analyses in which 
time on ERT was treated as a continuous variable, we found a strong statistically significant 
relationship between time on ERT and a reduced risk of bone pain. This analysis is able to take 
account of the large heterogeneous group of patients who have been on ERT for > 36 months.

As with adults, splenectomised children had higher odds of bone pain than non-splenectomised 
children. The risk of bone pain increased significantly with age. After adjusting for splenectomy 
status, although the central estimate suggested a decreased risk of bone pain associated with 
duration of ERT (treated as a categorical variable), these findings were not statistically significant. 
However, as with adults, when time on ERT was treated as a continuous variable, we found a 
strong statistically significant relationship between time on ERT and a reduced risk of bone pain 
(edf = 1; p = 0.001).

Spleen volume/size
A reduction in spleen size with ERT has been consistently reported in previous studies.82,100,102–105

We found a statistically significant association between time on ERT and decrease in spleen 
volume in adults, irrespective of whether categorised on the basis of clinical palpation or 
measured by scan. The data suggest a rapid decrease in spleen volume following the start of 
treatment with ERT, with the maximum effect obtained by about 8 years, before an apparent 
plateauing of effect.

Patients who are not on ERT had a mean spleen volume of about 1500 ml, approximately three 
to four times the normal spleen volume in a healthy adult. The data suggest that spleen volume 
remains essentially unchanged over time in untreated adults. This, however, is likely to reflect, 
at least in part, bias due to an increased likelihood of splenectomy (and hence removal from 
the model) of those patients with substantially enlarged spleens, as well as the heterogeneity of 
disease severity in the older patient population. The model predicts that patients who went on 
ERT at the age of 18 and 45 years show a similar trajectory, with an initial reduction in spleen 
volume for 7 years, followed by a plateauing off of treatment effect.

Estimates from the Bayesian model indicate that there is a 83% probability that first infusion at 
age 45 years will result in a greater reduction in spleen volume after 10 years on ERT than first 
infusion at age 18 years. A possible explanation for this finding is that the patients observed in 
late middle age have less aggressive forms of the disease and so may respond more successfully to 
treatment. The model predicts that patients who went on ERT at the age of 18 and 45 years show 
a similar trajectory, with an initial reduction in spleen volume for 7 years, followed by a levelling 
off of treatment effect.

Liver volume/size
Liver volume has been consistently reported to decrease after commencement of treatment 
with ERT.82,100–105

We found a strong statistically significant association between duration of treatment and liver 
size whether this was categorised on the basis of palpation or measurement by scan. Dependent 
on the method of estimating liver volume, the data suggest that these effects plateau somewhere 
between 5 and 10 years after commencing treatment.

Estimates from the Bayesian model provide little reason to believe that the effects of treatment 
depend on age at commencement, indicating that there is a 48% probability that first infusion 
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at age 45 years will result in a greater reduction in liver volume after 10 years on ERT than first 
infusion at age 18 years.

Liver function tests
Although the effects of ERT on liver size are well documented, relatively few studies have 
reported on biochemical markers of liver function. El-Beshlawy and colleagues247 reported 
that liver enzymes (ALT and AST) were elevated in 1 of 22 Egyptian paediatric patients prior 
to starting treatment, and that after 5 months of ERT these levels returned to normal. Hsu 
and colleagues248 similarly reported that ERT was effective in improving liver function in six 
Taiwanese patients with GD1.

Although we attempted to collect data on ALT levels, in this study data there was substantial 
variation between sites in the methods used and ‘normal’ ranges, and so no further analyses 
were conducted.

We examined the association between treatment with ERT and AST levels in adults in analyses 
that treated AST as a continuous measures and that estimated the risk of having an ‘abnormal’ 
value. Both sets of analyses suggested that ERT was associated with a reduction in AST levels. No 
statistically significant association was seen in children but data available were limited.

Neurological involvement
The majority of people with Gaucher disease recruited in this study have a diagnosis of GD1. 
Although considered non-neuronopathic, and with the majority of patients not having primary 
CNS involvement, there is increasing evidence that patients with GD1 may exhibit various 
neurological complications.62 Many of these complications are secondary to mechanical trauma 
due to disease-related complications (such as bone destruction), or may develop as a consequence 
of nerve root or spinal cord compression following vertebral body collapse. To date, there has 
been limited investigation of primary neurological involvement in GD1. In their epidemiological 
survey, Pastores and colleagues62 reported that 73% of respondents with GD1 had experienced a 
neurological complaint in the previous 3 months.

A recent multinational, observational study reported on the prevalence and incidence of 
peripheral neuropathy and associated conditions in patients with GD1, either untreated 
or receiving ERT.249 Of 103 patients at baseline, 11 patients were diagnosed with sensory 
motor axonal polyneuropathy and two had a mononeuropathy of the ulnar nerve. The 2-year 
follow-up period revealed another six cases of polyneuropathy. The prevalence and incidence 
of polyneuropathy in patients with GD1 was increased compared with the general population 
(estimated between 0.09% and 1.3%).

At the time of entry into this study, seven GD1 patients were reported to have neurological 
involvement, of whom six where on ERT. Four of the seven with neurological involvement were 
reported to have a peripheral neuropathy, of whom three were on ERT at the time.

There have been reports of the association of Parkinsonian features and GD1,250 and the carrier 
status for the some genotypes (specifically N370S allele) has been shown to be over-represented 
in patients with Parkinson’s disease.251

In our study, three patients with GD1 were reported to have Parkinsonian features at the time of 
entry into the study. All three of these patients were on ERT at this time. There were insufficient 
data for further analysis. This is consistent with a recent survey by Pastores and colleagues,62 
which reported that 3 of 55 respondents had Parkinson’s disease.
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The data collected in this study did not allow meaningful analysis of the associations between 
ERT and risk of neurological involvement.

Fatigue and quality of life
Health-related quality of life can be diminished in patients with Gaucher disease because of its 
many debilitating clinical manifestations. Masek and colleagues91 reported that treatment with 
ERT was associated with improvements in QoL in adults with GD1, as assessed by the SF-36 over 
a 24-month period. Prior to starting therapy, the study population’s health profile was reported 
to be significantly reduced compared with the general US adult population, but by 24 months of 
therapy there were no differences between the two.

Similarly, a study by Weinreb and colleagues92 reported improvement in SF-36 scores in a cohort 
of 32 patients between baseline scores at the commencement of treatment and after 2 years of 
treatment. Mean PCS and MCS increased to within the normal range after 2 years of treatment 
and were maintained until year 4. Large HRQoL gains were observed even in patients with the 
most advanced disease and lowest baseline PCS.

In our study, we found no significant association between the PCS of the SF-36 and time on ERT. 
The data suggested an association between a decrease in the MCS of the SF-36, but this was not 
statistically significant.

We included a measure of fatigue in the data set as patient groups report that this is an important 
but under-researched area. We found no evidence of an association between fatigue and time on 
ERT (edf = 1; p = 0.57) (see Figure 24). However, these analyses are hampered by a lack of data on 
people not on treatment.

Costs associated with Gaucher disease
Much of the past discussion regarding the costs associated with having a LSD has concentrated 
on the costs associated with ERT. In this study we were also keen to capture the wider costs of 
care falling on the public sector.

Based on patients’ self-reported health- and social-care service use, the annual cost of caring for 
people with Gaucher disease, excluding the purchase cost of ERT or SRT, was estimated at £3000 
for an adult and £2900 for a child. These costs, however, are dwarfed by the cost of the therapies; 
the mean annual cost of ERT for adults with Gaucher disease is either £126,300 or £144,900, 
depending on which ERT drug is used, and for those on SRT the mean annual cost is £54,320. 
For children, the mean annual cost of ERT is £107,400 or £187,800.

From the longitudinal regression modelling of costs, there was no statistically significant 
association (i.e. p < 0.05) between time on ERT and either total NHS and social-care costs, 
hospital-care costs, or non-hospital-care costs for patients with Gaucher disease. The tabulated 
results of these analyses are available on request from the study authors.

Owing to these high associated costs, and the lack of measureable effect of ERT on either 
clinical outcomes or HRQoL measures, it was infeasible to conduct either a cost-effectiveness 
or cost–utility analysis. As they apply to all six LSDs, the limitations of these cost estimates are 
summarised and discussed in Chapter 9. 
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Chapter 4  

Results – Fabry disease

Patient characteristics

At the start of the study 499 patients were identified by the treating centres as having Fabry 
disease. Of these, 442 were deemed eligible for inclusion and 333 patients (75% of those deemed 
eligible) were approached in clinics and invited to participate. Three hundred and eleven patients 
(94% of those approached), comprising 131 males and 180 females, agreed to participate in the 
study. Patient demographic characteristics are presented in Tables 45 and 46.

The majority of participants were adults (289), with only 22 children with Fabry disease enrolled 
in the study. At recruitment, the average age of adult male patients with Fabry disease was 44.9 
(range 16.4–78.6) years, whereas that of adult female patients was 43.9 (range 16.2–75.4) years. 
The average age at recruitment for boys was 8.9 (range 1.8–14.6) years and for girls 11.6 (range 
4.6–15.9) years. The average age at diagnosis was 35.2 (range 0–76.3) years for adult males and 
34.9 (range 0–72.1) years for adult females. The average age at diagnosis for boys was 4.6 (range 
0–12.6) years and for girls was 7.8 (range 1.3–13.2) years.

As with Gaucher disease, owing to the world shortage of agalsidase beta therapies, patients 
with Fabry disease attended their treating clinic more regularly during the later period of data 
collection, and clinical data were collected at each visit. Of the 311 patients enrolled in the study, 
we have a second data point from 290 patients and a third data point for 192 patients. For 19 
patients, we have data from five prospective time points. Retrospective clinical data were available 
for 270 patients and the number of retrospective data points ranges from 1 to 11.

At recruitment 219 patients (212 adults and seven children) were on ERT with 123 adult patients 
(69 male and 54 female) and four children (three boys and one girl) receiving agalsidase beta, 
88 adult patients (39 male and 49 female) and three children (one boy and two girls) receiving 
agalsidase alpha, and one unknown. The average time on ERT was 3.74 years (mean 3.62 years, 
range 0–9.72 years, for males and mean 3.31 years, range 0–8.77 years, for females). Of the 91 
patients not on treatment at recruitment, 18 were male and 73 were female. Of the 127 patients 
on agalsidase beta at recruitment, 66 patients switched to agalsidase alpha during the shortage 
period (from June 2009).

Patient demography reported by gender (see Tables 45 and 46), demonstrates that most Fabry 
patients who are not on treatment are females, reflecting the X-linked inheritance of this disease.
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TABLE 45  Patient demography characteristics at recruitment – adults

Patient characteristic Male, n = 120 Female, n = 169

Age (years)

	 Mean (SD) 44.9 (14.5) 43.9 (15.1)

	 Median (min.–max.) 44.5 (16.4–78.6) 43.7 (16.2–75.4)

Age at diagnosis (years) 

	 Mean (SD) 35.2 (18.2) 35.8 (18.2)

	 Median (min.–max.) 35.6 (0–76.3) 34.9 (0–72.2)

Initial treatment

	 Not on ERT, n 11 65

	 ERT, n 94 101

	 Clinical trial, n 15 2

	 Missing, n 0 1

Initial type of ERT

	 Agalsidase beta, n 62 53

	 Agalsidase alpha, n 32 48

Treatment at recruitment

	 Not on ERT, n 11 66

	 ERT, n 108 103

	 Clinical trial, na 1 0

Type of ERT at recruitment

	 Agalsidase beta, n 69 54

	 Agalsidase alpha, n 39 49

Age at first infusion (years)

	 Mean (SD) 40.9 (15.1) 44.4 (14.6)

	 Median (min.–max.) 42.0 (11.5–75.9) 46.1 (13.6–72.6)

Time on ERT (years)

	 Mean (SD) 3.74 (2.66) 3.34 (2.25)

	 Median (min.–max.) 3.51 (0–9.72) 3.55 (0–8.77)

max., maximum; min., minimum; SD, standard deviation.
a	 Patients were initially part of a RCT of ERT.
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TABLE 46  Patient demography characteristics at recruitment – children

Patient characteristic Male, n = 11 Female, n = 11

Age (years)

	 Mean (SD) 8.9 (4.1) 11.6 (3.3)

	 Median (min.–max.) 9.1 (1.8–14.6) 12.1 (4.6–15.9)

Age at diagnosis (years)

	 Mean (SD) 4.6 (4.6) 7.8 (4.4)

	 Median (min.–max.) 3.4 (0–12.6) 6.7 (1.3–13.2)

Initial treatment

	 Not on ERT, n 7 8

	 ERT, n 4 3

Initial type of ERT

	 Agalsidase beta, n 2 1

	 Agalsidase alpha, n 2 2

Treatment at recruitment

	 Not on ERT, n 7 8

	 ERT, n 4 3

Type of ERT at recruitment

	 Agalsidase beta, n 3 1

	 Agalsidase alpha, n 1 2

Age at first infusion (years)

	 Mean (SD) 9.9 (2.3) 9.8 (1.4)

	 Median (min.–max.) 8.9 (8.6–14.7) 9.7 (8.5–11.3)

Time on ERT (years) 

	 Mean (SD) 1.6 (1.8) 2.3 (0.7)

	 Median (min.–max.) 1.2 (0–4.2) 2.4 (1.7–3.0)

max., maximum; min., minimum; SD, standard deviation.
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Key markers of Fabry disease progression

The following measures were identified by the clinical principal investigators as key markers of 
disease progression in Fabry disease:

■■ left ventricular mass index (LVMI)
■■ estimated glomerular filtration rate (eGFR)
■■ proteinuria
■■ BPI
■■ hearing
■■ TIA/stroke
■■ Fatigue Severity Scale (FSS).

In addition, adults completed the SF-36, EQ-5D, FSS and the Service Use and Costs 
Questionnaire, whereas children or their carers completed the age-appropriate PedsQL 
questionnaire. Carers of children or adults were asked to complete the Service Use and Costs 
Questionnaire and the CSI. In addition, we attempted to ascertain DQ if this had been assessed 
for children.

Summary of analysis

Longitudinal models were fitted to assess relationships between continuous measures of function 
and length of time on ERT, after adjustment for age and clustering by centre. In the base models, 
the effect of time on ERT was categorised as (1) not on ERT; (2) < 12 months on ERT; (3) 
12–36 months on ERT; and (4) > 36 months on ERT. Further analysis was conducted to explore 
the possibility that time spent on ERT would have a non-linear effect on function. Patients 
contributed data points to the model both before and after starting ERT. A Bayesian version of 
the model was used for generating expected trajectories to illustrate model predictions about the 
effect of starting ERT treatment at different ages.

Kaplan–Meier survival curves were estimated to illustrate differences in the age at first recorded 
occurrence of binary events that could be considered progressive (i.e. abnormal hearing, TIA/
stroke). Treatment group differences in survival function were tested using Cox regression 
models. Individual patients contributed intervals of time at risk to more than one of the 
treatment categories.

There are currently two ERTs licensed for use in the UK – agalsidase beta and agalsidase alpha. 
For the purposes of these analyses, unless otherwise stated, patients on both therapies have been 
analysed together, and ERT refers to either agalsidase beta or agalsidase alpha. The analyses 
at the end of this section compare the association between each of the two therapies and key 
outcome measures.

Summary of results

These data provide evidence for an association between time on ERT and a decrease in LVMI as 
well as an increase in the eGFR in adults after adjustment for age, although the magnitude of the 
differences is fairly small. The effect of treatment on eGFR appears to plateau after 5 or 6 years 
on treatment although these results should be interpreted with caution because of the wide CIs 
in the later years. In analyses that separated males and females, the association between time 
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on ERT and increase in age adjusted eGFR remained statistically significant for women but not 
for men.

After adjusting for use of an ACE inhibitor, there was a significant reduction in the risk of 
proteinuria and time on ERT. However, the same analyses on children did not suggest a 
significant association although the numbers involved are small hence the analyses have little 
power to detect an effect.

We found no statistically significant association between time on ERT and Pain Severity Scores, 
but did see a statistically significant association with decrease in the scale measuring interference 
by pain on QoL in adults.

The risk of having a stroke or TIA increased significantly after this group of patients reached 
around 40 years of age. We found no association between the risk of stroke or TIA and the use of 
ERT. We similarly found no statistically significant association between use of ERT and the risk of 
needing a hearing aid.

A statistically significant association was found between duration of ERT and decrease in the 
SF-36 PCS. There was a significant, non-linear relationship between time on ERT and lower (i.e. 
worse) scores on the SF-36 MCS. Although no association was seen between the EQ-5D score 
and time on ERT, a significant reduction in patient-reported health status was reported using the 
EQ-5D VAS. Finally, after adjusting for age we found a small but statistically significant increase 
in fatigue score with time on ERT, suggesting worsening fatigue with time on ERT.

We had planned to examine the association between use of ERT and developmental quotient in 
children, but almost no data on this outcome were recorded. Similarly, there were insufficient 
data to analyse the effect of time on ERT with the CSI.

For each outcome we examined the relative effects in those patients initially treated with 
agalsidase beta with those initially treated with agalsidase alpha. There were no statistically 
significant differences in any of the outcomes for adults or children.

Heart size – left ventricular mass index

Left ventricular mass index was determined by standard echocardiography and adjusted for body 
surface area.

Adults
Left ventricular mass index data were collected for 227 adults. The range of LVMI for adults 
was 37–371 g/m2.

A longitudinal model was fitted to assess the relationship between LVMI and time on ERT, after 
adjusting for age. As can be seen in Table 47, there is a statistically significant increase in LVMI 
with age (p < 0.001). After adjusting for age, there was no statistically significant association 
between LVMI and time on ERT (p = 0.11) when time on ERT was categorised as ‘not treated’, 
< 12 months, 12–36 months and > 36 months.

However, further analysis was conducted to explore the relationship of time on ERT with LVMI 
when time is treated as a continuous variable. Figure 26 suggests that ERT has a significant linear 
effect of reducing LVMI (edf = 1; p = 0.01).
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Children
Heart volume data were available for nine children. The range of LVMI for children 
was 41–101 g/m2.

A longitudinal model was fitted to assess the linear relationship between LVMI in children 
and time on ERT, after adjusting for age (Table 48). As can be seen in Table 48, LVMI was 
not significantly associated with age (p = 0.63). After adjusting for age, time on ERT was not 
associated with a significant change in LVMI (p = 0.92) when time on ERT was categorised as ‘not 
treated’, < 12 months, 12–36 months and > 36 months.

TABLE 47  The association between time on ERT and LVMI in adults with Fabry disease (linear mixed-effects model)

NData

Estimate of change in 
LVMI (g/m2) Standard error 95% CI p-value

Gender

	 Male 210 0.00

	 Female 374 –51.4 5.45 –62.1 to –40.7 < 0.001

Age 

	 Linear effect/year 1.52 0.18 1.16 to 1.87 < 0.001

Time on ERT

	 Not on ERT 194 0.00 0.11

	 < 12 months 51 2.59 4.87 –6.95 to 12.2 0.59

	 12–36 months 129 –2.33 4.02 –10.2 to 5.56 0.56

	 > 36 months 210 –8.17 4.17 –16.4 to 0.006 0.05

Variance components

	 Individual 1223

	 Centre 168

	 Residual 540
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FIGURE 26  The age-adjusted association between time on ERT and LVMI in adults with Fabry disease (time on ERT 
treated as a continuous variable).
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TABLE 48  The association between time on ERT and LVMI in children with Fabry disease (linear mixed-effects model)

NData

Estimate of change in 
LVMI (g/m2) Standard error 95% CI p-value

Gender

	 Male 16 0.00

	 Female 30 –3.53 6.20 –15.7 to 8.61 0.57

Age 

	 Linear effect/year 0.37 0.76 –1.12 to 1.86 0.63

Time on ERT

	 Not on ERT 35 0.00 0.92

	 < 12 months 2 –2.12 8.74 –19.2 to 15.0 0.81

	 12–36 months 7 –1.87 6.16 –13.9 to 10.2 0.76

	 > 36 months 2 –4.64 10.0 –24.2 to 14.9 0.65

Variance components

	 Individual 77

	 Centre 17

	 Residual 119
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FIGURE 27  The age-adjusted association between time on ERT and LVMI in children with Fabry disease (time on ERT 
treated as a continuous variable).

Further analysis was conducted to explore the shape of the relationship between LVMI and 
time on ERT treated as a continuous variable. This further modelling provided no evidence of 
a non-linear association between LVMI levels in children and time on ERT (edf = 1.0; p = 0.78) 
(Figure 27). The small numbers of children for whom data were available means that, inevitably, 
these results have wide CIs.
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Renal function – estimated glomerular filtration rate

Adults
Renal function in adults was assessed using eGFR calculated by the Modification of Diet in 
Renal Disease formula.252 eGFR data were collected for 266 adults (112 males and 154 females) 
including a total of 1360 data points. The values range from 4.9 to 203.2 ml/minute/1.73 m2 after 
exclusion of eight outliers (eGFR > 400 ml/minute/1.73 m2). Nineteen patients had an eGFR of 
< 15 ml/minute/1.73 m2, all of whom were on dialysis at recruitment and 16 of whom were on 
dialysis across all time points.

A longitudinal model was fitted to assess the relationship between eGFR in people with 
Fabry disease and time on ERT, after adjusting for age. As can be seen in Table 49, there is a 
significant decline in eGFR levels in adults with Fabry disease with age. The slope of the decline 
is –0.95 ml/minute/1.73 m2/year (p < 0.001). After adjusting for age, there was a statistically 
significant association between increased eGFR and time on ERT (p = 0.002) when time on ERT 
was categorised as ‘not treated’, < 12 months, 12–36 months and > 36 months.

Further analysis was conducted to explore the shape of the relationship between eGFR and 
time on ERT treated as a continuous variable. This further modelling of the data suggested a 
non-linear relationship between eGFR levels and time on ERT (edf = 2.05; p < 0.001). Figure 28 
suggests that age adjusted eGFR in people with Fabry disease increases after commencing ERT, 
and reaches a plateau after approximately 6 years.

TABLE 49  The association between time on ERT and eGFR in adults with Fabry disease (linear mixed-effects model)

NData

Estimate of change in eGFR 
ml/minute/1.73 m2 Standard error 95% CI p-value

Gender

	 Male 538 0.00

	 Female 822 4.19 2.56 –0.83 to 9.22 0.10

Age 

	 Linear effect/year –0.95 0.08 –1.11 to –0.79 < 0.001

Time on ERT

	 Not on ERT 535 0.00 0.002

	 < 12 months 141 1.01 1.30 –1.54 to 3.57 0.44

	 12–36 months 295 2.14 1.06 0.05 to 4.23 0.04

	 > 36 months 389 4.35 1.14 2.10 to 6.59 < 0.001

Variance components

	 Individual 394

	 Centre 6

	 Residual 138
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Table 49 shows that eGFR was higher in females than in males, although this difference was not 
statistically significant. While it is believed that the biology of disease in females is fundamentally 
the same as in males, it is understood that renal manifestations differ between the genders. In 
order to examine any potential differences in the treatment effect between the genders, separate 
longitudinal models were fitted to assess the linear relationship between eGFR and time on ERT, 
in male and female adults, after adjusting for age (Tables 50 and 51).

As can be seen in Tables 50 and 51, there is a significant decline in eGFR levels in male and 
female adults with Fabry disease with age, although the slope of decline is greater for males 
(–1.40 ml/minute/1.73 m2/year; p < 0.001) than for females (–0.69 ml/minute/1.73 m2/year; 
p < 0.001). After adjusting for age, there was no statistically significant association between 
increased eGFR and time on ERT in male patients (p = 0.11) when time on ERT was categorised 
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FIGURE 28  The age-adjusted association between time on ERT and eGFR in adults with Fabry disease (time on ERT 
treated as a continuous variable).

TABLE 50  The association between time on ERT and eGFR in male adults with Fabry disease (linear 
mixed-effects model)

NData

Estimate of change in eGFR 
ml/minute/1.73 m2 Standard error 95% CI p-value

Age 

	 Linear effect/year –1.40 0.14 –1.68 to –1.12 < 0.001

Time on ERT

	 Not on ERT 123 0.00 0.11

	 < 12 months 64 –1.99 2.06 –6.03 to 2.05 0.34

	 12–36 months 150 2.38 1.64 –0.84 to 5.60 0.15

	 > 36 months 201 2.29 1.80 –1.24 to 5.82 0.21

Variance components

	 Individual 495

	 Centre 11

	 Residual 145
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as ‘not treated’, < 12 months, 12–36 months and > 36 months. However, in female patients there 
was a significant increase in the slope of the eGFR with time on ERT (p < 0.001).

Further analysis was conducted to explore the shape of the relationship between 
eGFR and time on ERT treated as a continuous variable. In these analyses we found 
no statistically significant association between eGFR in adult males and time on ERT 
(slope = 0.36 ml/minute/m2/year, edf = 1; p = 0.21) (Figure 29). However, for adult female patients 
there was a statistically significant linear increase in eGFR with time on ERT after adjusting for 
age (slope = 1.15 ml/minute/m2/year, edf = 1; p < 0.001) (Figure 30).

TABLE 51  The association between time on ERT and eGFR in female adults with Fabry disease (linear 
mixed-effects model)

NData

Estimate of change in eGFR
ml/minute/1.73 m2 Standard error 95% CI p-value

Age 

	 Linear effect/year –0.69 0.09 –0.86 to –0.51 < 0.001

Time on ERT

	 Not on ERT 412 0.00 < 0.001

	 < 12 months 77 2.73 1.64 –0.48 to 5.94 0.09

	 12–36 months 145 1.00 1.38 –1.70 to 3.70 0.47

	 > 36 months 188 6.02 1.45 3.17 to 8.86 < 0.001

Variance components

	 Individual 319.6

	 Centre 0.0

	 Residual 127.7
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FIGURE 29  The age-adjusted association between time on ERT and eGFR in male adults with Fabry disease (time on 
ERT treated as a continuous variable).
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Bayesian predictions
The longitudinal model for eGFR levels in adults was fitted in a Bayesian framework and used 
to make predictions about how starting ERT at different ages impacts on age-related trajectories 
(Figure 31). Three different treatment scenarios were considered: (1) the patient remains 
untreated; (2) the patient starts ERT at the age of 18 years; and (3) the patient starts ERT at age 
45 years. It should be noted that these are mean trajectories and in the interest of clarity the 
credible intervals around these trajectories are not shown.
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FIGURE 30  The age-adjusted association between time on ERT and eGFR in female adults with Fabry disease (time on 
ERT treated as a continuous variable).

FIGURE 31  Estimated glomerular filtration rate in adults with different treatment scenarios.
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We specified the Bayesian model to allow the shape of the post-treatment trajectories to depend 
on the age at which ERT is started, in order to explore the possibility that patients observed in 
late middle age or old age have less aggressive forms of the disease and so may respond differently 
to treatment. As can be seen from Figure 31, the eGFR of patients starting on ERT at either age 
is predicted to increase relative to untreated patients, before levelling off. The treatment effect 
appears to be of slightly greater magnitude for patients who commenced treatment at age 45 years 
than for those who commenced treatment at 18 years of age; the Bayesian probability that first 
infusion at age 45 years will result in greater increase in eGFR after 5 years on ERT than first 
infusion at age 18 years = 55%.

When data from male and female patients were fitted separately to the Bayesian model, the 
expected improvements in eGFR on treatment (relative to remaining untreated) were of a larger 
magnitude in female patients than in males (Figures 32 and 33). There was little evidence to 
suggest that patients who commence treatment later in life respond better to treatment than 
patients treated at a younger age. The Bayesian probability that first infusion at age 45 years will 
result in a greater increase in eGFR after 5 years on ERT than first infusion 18 years of age is 54% 
for both males and females.

FIGURE 32  Estimated glomerular filtration rate in male adults with different treatment scenarios.
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Children
Renal function in children was assessed using eGFR calculated by the new abbreviated Schwartz 
formula.253 eGFR data were collected for 17 children (8 boys and 9 girls) with Fabry disease. 
There were 78 data points for these children across all time points and values ranged from 18.8 to 
169.3 ml/minute/1.73 m2.

A longitudinal model was fitted to assess the linear relationship between eGFR in children 
with Fabry disease and time on ERT, after adjusting for age. As can be seen in Table 52, a 
statistically significant decrease in the slope of eGFR was seen with age (–2.24 ml/minute/1.73 m2, 
95% CI –4.27 to –0.22; p = 0.04). After adjusting for age, there was an increase in the slope of 

FIGURE 33  Estimated glomerular filtration rate in female adults with different treatment scenarios.

TABLE 52  The association between time on ERT and eGFR in children with Fabry disease (linear mixed-effects model)

NData

Estimate of change in 
eGFR ml/minute/1.73 m2 Standard error 95% CI p-value

Gender

	 Male 36 0.00

	 Female 42 14.4 9.67 –4.61 to 33.3 0.15

Age 

	 Linear effect/year –2.24 1.03 –4.27 to –0.22 0.04

Time on ERT

	 Not on ERT 55 0.00 0.06

	 < 12 months 5 0.25 8.02 –15.5 to 16.0 0.98

	 12–36 months 13 15.1 6.37 2.62 to 27.6 0.02

	 > 36 months 5 0.11 9.66 –18.8 to 19.1 0.99

Variance components

	 Individual 360

	 Centre 218

	 Residual 196
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eGFR with time on ERT, but this did not reach conventional levels of statistical significance 
(p = 0.06).

In this initial analysis, we examined the association between time on ERT, categorised as ‘not 
treated’, < 12 months, 12–36 months and > 36 months, and eGFR. Further analysis was conducted 
to explore the shape of the relationship between eGFR and time on ERT treated as a continuous 
variable. This analysis provided no statistically significant evidence of an association between age 
adjusted eGFR levels and time on ERT (edf = 2.2; p = 0.14) (Figure 34).

In order to examine any potential differences in the treatment effect between the genders, 
separate longitudinal models were fitted to assess the linear relationship between eGFR and time 
on ERT, in male and female children, after adjusting for age (Tables 53 and 54).

As can be seen in Tables 53 and 54, there is a significant decline in eGFR levels in girls with 
age (–2.68 ml/minute/1.73 m2/year, 95% CI –5.17 to –0.19; p = 0.04), whereas no significant 
association between age and eGFR was observed for boys (p = 0.32). After adjusting for age, 
there was no statistically significant association between eGFR and time on ERT in either boys 
(p = 0.21) or girls (p = 0.15). These analyses should be treated with considerable caution owing to 
the paucity of data.

20

10

0

–10

–20

Time on ERT (years)
0 1 2 3 4 5

C
ha

ng
e 

in
 e

G
FR

 le
ve

ls

FIGURE 34  The age-adjusted association between time on ERT and eGFR in children with Fabry disease (time on ERT 
treated as a continuous variable).
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Proteinuria

Proteinuria was measured using either urinary protein:creatinine ratio or urinary 
albumin:creatinine ratio. We have proteinuria data for 264 patients (106 males and 158 females). 
Results were categorised as high or within normal range by centre, according to centre reference 
ranges. Table 55 shows the effect of ERT and age on the log-odds of having proteinuria.

TABLE 53  The association between time on ERT and eGFR in male children with Fabry disease (linear 
mixed-effects model) 

NData

Estimate of change in eGFR 
ml/minute/1.73 m2 Standard error 95% CI p-value

Age 

	 Linear effect/year –1.66 1.64 –4.87 to 1.55 0.32

Time on ERT

	 Not on ERT 22 0.00 0.21

	 < 12 months 4 6.17 9.22 –11.9 to 24.2 0.51

	 12–36 months 7 18.1 9.17 0.13 to 36.07 0.06

	 > 36 months 3 9.02 14.30 –19.0 to 37.05 0.53

Variance components

	 Individual 650

	 Centre 129

	 Residual 168

TABLE 54  The association between time on ERT and eGFR in female children with Fabry disease (linear 
mixed-effects model)

NData

Estimate of change in eGFR
ml/minute/1.73 m2 Standard error 95% CI p-value

Age 

	 Linear effect/year –2.68 1.27 –5.17 to –0.19 0.04

Time on ERT

	 Not on ERT 33 0.00 0.15

	 < 12 months 1 –12.1 16.9 –45.2 to 21.0 0.47

	 12–36 months 6 15.6 8.86 –1.76 to 32.9 0.08

	 > 36 months 2 –1.10 13.8 –28.1 to 25.9 0.94

Variance components

	 Individual 187

	 Centre 241

	 Residual 227
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TABLE 55  The association between time on ERT and the risk of proteinuria in adults with Fabry disease (linear 
mixed-effects model)

NHigh NNormal OR 95% CI p-value

Gender

	 Male 271 148 1.00

	 Female 323 295 0.05 0.01 to 0.20 < 0.001

Age 

	 Linear effect/year 1.06 1.02 to 1.12 0.008

ACE inhibitors

	 No 510 428 1.00

	 Yes 84 15 2.18 0.74 to 6.45 0.16

Time on ERT

	 Not on ERT 166 182 1.00 < 0.001

	 < 12 months 58 47 0.59 0.24 to 1.45 0.25

 	 12–36 months 142 95 0.48 0.22 to 1.05 0.07

	 > 36 months 228 119 0.59 0.25 to 1.38 0.22

A longitudinal model was fitted to assess the linear relationship between the risk of having 
proteinuria and time on ERT, after adjusting for age and whether or not the patient was taking 
an ACE inhibitor (see Table 55). As can be seen in Table 55, there was a statistically significant 
association between risk of proteinuria and age (p < 0.001). After adjusting for use of an ACE 
inhibitor, there was also a statistically significant association between the risk of proteinuria and 
time on ERT (p < 0.001). In this initial analysis, we examined the association between time on 
ERT, categorised as ‘not treated’, < 12 months, 12–36 months and > 36 months, and proteinuria.

The apparent discrepancy between the significant p-value for the overall effect of time on ERT 
and the lack of significance for the individual category coefficients is an example of the Hauck–
Donner effect.254 This phenomenon can arise in generalised linear models when one or more 
coefficients has a large absolute value and results in inflated standard errors. The more reliable 
likelihood ratio test provides evidence for a significant reduction in risk of proteinuria with time 
on ERT.

Further analysis was conducted to explore the shape of the relationship between proteinuria 
and time on ERT treated as a continuous variable. This analysis of the shape of the relationship 
between risk of proteinuria and time on ERT provided no statistically significant evidence of a 
non-linear association (edf = 1.0; p = 0.16) (Figure 35).

Further examination of any potential differences in the treatment effect between the genders 
showed no statistically significant linear relationship between proteinuria and time on ERT in 
male or female adults (p = 0.09 and p = 0.46, respectively), after adjusting for age and for use of an 
ACE inhibitor (Tables 56 and 57).
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FIGURE 35  The age-adjusted association between time on ERT and the risk of proteinuria in adults with Fabry disease 
(time on ERT treated as a continuous variable).

TABLE 56  The association between time on ERT and the risk of proteinuria in male adults with Fabry disease (linear 
mixed-effects model)

NHigh NNormal OR 95% CI p-value

Age 

	 Linear effect/year 1.10 1.03 to 1.19 0.009

ACE inhibitors

	 No 184 199 1.00

	 Yes 34 6 9.20 0.39 to 217.2 0.17

Time on ERT

	 Not on ERT 36 39 1.00 0.09

	 < 12 months 20 29 0.78 0.18 to 3.37 0.74

	 12–36 months 58 60 0.69 0.19 to 2.52 0.57

	 > 36 months 104 77 0.98 0.25 to 3.88 0.98

TABLE 57  The association between time on ERT and the risk of proteinuria in female adults with Fabry disease (linear 
mixed-effects model)

NHigh NNormal OR 95% CI p-value

Age 

	 Linear effect/year 1.05 1.004 to 1.10 0.03

ACE inhibitors

	 No 220 339 1.00

	 Yes 43 18 1.68 0.56 to 5.04 0.36

Time on ERT

	 Not on ERT 92 183 1.00 0.46

	 < 12 months 28 32 0.55 0.19 to 1.57 0.27

	 12–36 months 56 64 0.49 0.20 to 1.19 0.12

	 > 36 months 87 78 0.49 0.19 to 1.28 0.14
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TABLE 58  The association between time on ERT and Pain Severity Score in adults with Fabry disease (linear 
mixed-effects model)

NData

Estimate of change in Pain 
Severity Score Standard error 95% CI p-value

Gender

	 Male 218 0.00

	 Female 256 0.12 0.36 –0.58 to 0.82 0.74

Age 

	 Linear effect/year –0.0008 0.01 –0.02 to 0.02 0.95

Time on ERT

	 Not on ERT 161 0.00 0.46

	 < 12 months 38 0.07 0.29 –0.49 to 0.64 0.79

	 12–36 months 120 –0.29 0.21 –0.70 to 0.12 0.17

	 > 36 months 155 –0.26 0.22 –0.69 to 0.17 0.24

Variance components

	 Individual 4.11

	 Centre 0.00

	 Residual 1.61

Brief Pain Inventory

The BPI provides two scores: the Pain Severity Score (ranging from 0 to 10, where 0 is ‘no pain’ 
and 10 is ‘pain as bad as you can imagine’); and the Pain Interference Score (ranging from 0 to 10, 
where 0 is ‘pain does not interfere’ and 10 is ‘pain completely interferes’).

Pain severity
Pain Severity Score data were collected for 149 adults with Fabry disease across all time points.

A longitudinal model was fitted to assess the relationship between Pain Severity Score and time 
on ERT, after adjusting for age (Table 58). As can be seen in Table 58, the Pain Severity Score 
was not significantly associated with age (p = 0.95). After adjusting for age, time on ERT was not 

associated with Pain Severity Score (p = 0.46). In this initial analysis, we examined the association 
between time on ERT, categorised as ‘not treated’, < 12 months, 12–36 months and > 36 months, 
and Pain Severity Score.

Further analysis was conducted to explore the shape of the relationship between the Pain Severity 
Score and time on ERT treated as a continuous variable. This further modelling provided no 
evidence of a non-linear association between Pain Severity Score and time on ERT (edf = 1; 
p = 0.07) (Figure 36).
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Pain interference
Pain Interference Score data were collected for 148 adult patients with Fabry disease across all 
time points.

A longitudinal model was fitted to assess the relationship between Pain Interference Score and 
time on ERT, after adjusting for age. As can be seen in Table 59, as with Pain Severity Score, 
the Pain Interference Score was not significantly associated with age (p = 0.62). However, after 
adjusting for age, time on ERT was associated with a significant reduction in Pain Interference 
Score (p < 0.001).

TABLE 59  The association between time on ERT and Pain Interference Score in adults with Fabry disease (linear 
mixed-effects model)

NData

Estimate of change 
in Pain Interference 
Score Standard error 95% CI p-value

Gender

	 Male 215 0.00

	 Female 248 –0.21 0.42 –1.03 to 0.61 0.61

Age 

	 Linear effect/year 0.007 0.01 –0.01 to 0.03 0.62

Time on ERT

	 Not on ERT 156 0.00 < 0.001

	 < 12 months 35 0.57 0.38 –0.17 to 1.31 0.14

	 12–36 months 121 –0.19 0.27 –0.72 to 0.34 0.47

	 > 36 months 151 –0.86 0.28 –1.41 to –0.31 0.003

Variance components

	 Individual 5.09

	 Centre 0.00

	 Residual 2.73
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FIGURE 36  The age-adjusted association between time on ERT and Pain Severity Score in adults with Fabry disease 
(time on ERT treated as a continuous variable).
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In this initial analysis, we examined the association between time on ERT, categorised as ‘not 
treated’, < 12 months, 12–36 months and > 36 months, and Pain Interference Score.

Further analysis was conducted to explore the shape of the relationship between Pain Interference 
Score and time on ERT treated as a continuous variable. Figure 37 illustrates the significant 
non-linear effect of time on ERT (edf = 1.66; p < 0.001) and Pain Interference Score. This graph 
suggests a significant reduction in Pain Interference Score, which plateaus at around 5 years after 
commencement of ERT, although the shape of this relationship should be viewed with caution 
because of the wide CIs around the line, particularly in later years.

Audiology – use of a hearing aid

Patients were categorised according to whether or not they required a hearing aid. Nineteen 
out of 231 patients were reported as using a hearing aid at some point during the data 
collection period.

Figure 38 shows Kaplan–Meier curves for the age at the first recorded instance of the patient 
using a hearing aid. The curves illustrate the risk of moving from not requiring a hearing aid to 
requiring a hearing aid at different ages, on and off ERT.

The model shows a similar profile for patients on and off ERT, and indicates that, by the age of 
60 years, approximately 40% of patients with Fabry disease require a hearing aid.

There was no significant association between treatment status and the probability of requiring 
a hearing aid – the hazard ratio (HR) for ERT relative to not on ERT is 0.96 (95% CI 0.28 to 
3.18; p = 0.95).
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FIGURE 37  The age-adjusted association between time on ERT and Pain Interference Score in adults with Fabry 
disease (linear mixed-effects model).



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Wyatt et al. under the terms of a commissioning contract issued by the Secretary of State for Health. This 
issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that suitable 
acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

143� Health Technology Assessment 2012; Vol. 16: No. 39DOI: 10.3310/hta16390

Neurology – transient ischaemic attack/stroke

Patients were categorised according to whether or not they had experienced one or more TIAs or 
strokes. At recruitment, 30 patients (18 males and 12 females) were reported as having had a TIA 
or stroke. No further strokes were reported during the study period.

Figure 39 shows Kaplan–Meier curves for the age at first experiencing a TIA or stroke. The curves 
illustrate the risk of having a TIA or stroke at different ages, on and off ERT.
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FIGURE 38  Risk of requiring a hearing aid by age and treatment status for people with Fabry disease 
(Kaplan–Meier curve).
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FIGURE 39  Risk of TIA/stroke by age and treatment status for people with Fabry disease (Kaplan–Meier curve).
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The model indicates that people with Fabry disease on or off ERT have a low probability of 
having a TIA or stroke before 40 years of age, but the risk of having a TIA or stroke increases after 
40 years of age. Apparent differences in the survival curve should be interpreted with caution, as 
these do not reach conventional levels of statistical significance.

There was no statistically significant association between treatment status and the probability of 
having a TIA or stroke (HR = 2.08; 95% CI 0.42 to 10.20; p = 0.36).

Quality-of-life assessments

SF-36
Four hundred and seventy-seven SF-36 questionnaires were completed by 242 patients. Data are 
presented separately below for the PCS and the MCS (Tables 60–62, Figures 40 and 41).

The mean PCS was 41.7 ± 12.7 and the mean MCS was 48.7 ± 10.7.

TABLE 60  SF-36 item scores in people with Fabry disease 

PCS MCS

Overall

Mean (SD) 41.7 (12.7) 48.7 (10.7)

N
Data

477 477

≤ 3 years on ERT

Mean (SD) 41.5 (12.5) 48.0 (10.5)

N
Data

124 124

> 3 years on ERT

Mean (SD) 39.5 (12.7) 47.5 (11.1)

N
Data

266 266

TABLE 61  The association between time on ERT and SF-36 PCS in adults with Fabry disease

NData

Estimate of change 
of PCS Standard error 95% CI p-value

Gender

	 Male 206 0.0

	 Female 271 2.68 1.59 –0.44 to 5.79 0.09

Age 

	 Linear effect/year –0.22 0.05 –0.32 to –0.12 < 0.001

Time on ERT

	 Not on ERT 87 0.00 0.41

	 < 12 months 32 –0.76 1.65 –3.99 to 2.47 0.64

	 12–36 months 92 –1.36 1.46 –4.22 to 1.50 0.35

	 > 36 months 266 –2.49 1.52 –5.47 to 0.48 0.10

Variance components

	 Individual 113.6

	 Centre 1.8

	 Residual 30.0
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A longitudinal model was fitted to assess the linear relationship between the PCS and time on 
ERT, after adjusting for age (see Table 59). As can be seen in Table 61, there was an association 
between lower PCS and age (p < 0.001), but not with time on ERT (p = 0.41). In this initial 
analysis, we examined the association between time on ERT, categorised as ‘not treated’, 
< 12 months, 12–36 months and > 36 months, and PCS.

Further analysis was conducted to explore the shape of the relationship between PCS and time on 
ERT treated as a continuous variable. This analysis suggested a statistically significant association 
between a decrease in the PCS and time on ERT that was well approximated by a linear function 
(edf = 1; p = 0.02) (see Figure 40), suggesting a decrease in self-reported physical health associated 
with longer time on ERT.

A longitudinal model was fitted to assess the linear relationship between the MCS and time on 
ERT, after adjusting for age (see Table 62 and Figure 41). After adjusting for age, time on ERT 
was significantly associated with a lower MCS (p = 0.04). In this initial analysis, we examined the 
association between time on ERT, categorised as ‘not treated’, < 12 months, 12–36 months and 
> 36 months, and MCS. Further analysis was conducted to explore the shape of the relationship 
between MCS and time on ERT treated as a continuous variable. This analysis suggested a non-
linear association between MCS and time on ERT (edf = 2.82; p = 0.0001) with a decline in scores 
seen associated with being on treatment for > 5 years. These results, which suggest a decrease in 
self-reported mental health with time on ERT, should be interpreted in the light of the wide CIs 
seen associated with longer periods of treatment.
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FIGURE 40  The age-adjusted association between time on ERT and SF-36 PCS in adults with Fabry disease.
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EQ-5D
In addition to the SF-36, participants > 13 years of age were invited to complete the EQ-5D. Four 
hundred and ninety-seven EQ-5D index scores were generated across all prospective time points. 
Data are presented in Table 63 for the EQ-5D score (range from –0.24 to 1.0, with 1.0 being 
‘perfect health’).

A longitudinal model was fitted to assess the linear relationship between EQ-5D and time on 
ERT, after adjusting for age.
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FIGURE 41  The age-adjusted association between time on ERT and SF-36 MCS in adults with Fabry disease.

TABLE 62  The association between time on ERT and SF-36 MCS in adults with Fabry disease

NData

Estimate of change 
of MCS Standard error 95% CI p-value

Gender

	 Male 206 0.0

	 Female 271 2.45 1.35 –0.19 to 5.09 0.07

Age 

	 Linear effect/year 0.009 0.04 –0.07 to 0.08 0.85

Time on ERT

	 Not on ERT 87 0.00 0.04

	 < 12 months 32 –4.39 1.78 –7.87 to –0.90 0.01

	 12–36 months 92 –0.72 1.50 –3.66 to 2.22 0.63

	 > 36 months 266 –2.08 1.47 –4.96 to 0.80 0.15

Variance components

	 Individual 76.6

	 Centre 4.1

	 Residual 31.4
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The linear model shows a very small but significant association between EQ-5D and age (p = 0.03) 
and no significant association between EQ-5D and time on ERT (p = 0.09).

Equivalent modelling analyses were also conducted using SF-6D (SF-36-derived) utility weights, 
but no statistically significant associations (at α = 0.05 level) were found with time on ERT. The 
tabulated results of the SF-6D longitudinal modelling analyses are available on request from the 
study authors.

No evidence was found for a non-linear association between the EQ-5D score and time on ERT 
(edf = 1.23; p = 0.44) (Figure 42).

TABLE 63  The association between time on ERT and the EQ-5D in people with Fabry disease (linear 
mixed-effects model)

NData

Estimate of change 
of EQ-5D Standard error 95% CI p-value

Gender

	 Male 210 0.00

	 Female 287 0.05 0.03 –0.01 to 0.12 0.11

Age 

	 Linear effect/year –0.002 0.001 –0.004 to –0.0001 0.03

Time on ERT

	 Not on ERT 95 0.00 0.09

	 < 12 months 30 –0.02 0.04 –0.10 to 0.06 0.65

	 12–36 months 99 –0.06 0.03 –0.13 to 0.004 0.06

	 > 36 months 273 –0.007 0.03 –0.07 to 0.06 0.83

Variance components

	 Individual 0.05

	 Centre 0.00

	 Residual 0.02
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FIGURE 42  The age-adjusted association between time on ERT and EQ-5D in adults with Fabry disease (time on ERT 
treated as a continuous variable).
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EQ-5D visual analogue scale
In addition to scoring on the five domains of the EQ-5D, participants were asked to rate their 
health on a VAS. The EQ-5D VAS asks people to rate their health state on a 10-cm line from 0, 
‘worst imaginable health state’, to 100, ‘best imaginable health state’.

Four hundred and seventy EQ-5D questionnaires were completed across all prospective time 
points with range 4–100. A longitudinal model was fitted to assess the linear relationship between 
the visual analogue score and time on ERT after adjusting for age.

The linear model in Table 64 shows a non-significant association between EQ-5D VAS score and 
age (p = 0.35). There is, however, a statistically significant association between a reduction in the 
EQ-5D VAS score with time on ERT (p = 0.005). When time on ERT was treated as a continuous 
variable, there is strong evidence of a non-linear association of a reduction in the EQ-5D VAS 
and time on ERT (edf = 1.28; p < 0.001) (Figure 43).

TABLE 64  The association between time on ERT and EQ-5D VAS in adults with Fabry disease (linear 
mixed-effects model)

NData

Estimate of change 
of EQ-5D VAS Standard error 95% CI p-value

Gender

	 Male 202 0.00

	 Female 268 2.98 2.55 –2.02 to 7.98 0.24

Age 

	 Linear effect/year –0.08 0.08 –0.23 to 0.08 0.35

Time on ERT

	 Not on ERT 95 0.00 0.005

	 < 12 months 29 –9.87 3.99 –17.7 to –2.05 0.01

	 12–36 months 89 –8.89 3.11 –14.9 to –2.79 0.004

	 > 36 months 257 –10.1 2.89 –15.7 to –4.43 < 0.001

Variance components

	 Individual 251.5

	 Centre 0.6

	 Residual 177.5



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Wyatt et al. under the terms of a commissioning contract issued by the Secretary of State for Health. This 
issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that suitable 
acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

149� Health Technology Assessment 2012; Vol. 16: No. 39DOI: 10.3310/hta16390

–25

–20

–15

–10

–5

0

Time on ERT (years)
0 2 4 6 8 10

C
ha

ng
e 

in
 E

Q
-5

D
 V

A
S

 s
co

re

FIGURE 43  The age-adjusted association between time on ERT and EQ-5D in adults with Fabry disease (time on ERT 
treated as a continuous variable).

TABLE 65  PedsQL scores in children with Fabry disease

Physical 
functioning

Emotional 
functioning

Social 
functioning 

School 
functioning

Psychosocial 
health summary 
score

Physical health 
summary score Total score

Overall

Mean (SD) 75.5 (25.2) 68.05 (23.9) 76.8 (28.2) 60.5 (20.5) 66.1 (19.8) 75.5 (25.2) 68.1 (21.2)

n 21 22 22 19 19 21 18

Not on ERT

Mean (SD) 83.9 (18.5) 75.5 (18.7) 83.0 (26.4) 65.1 (19.0) 71.7 (18.7) 83.9 (18.5) 74.5 (17.8)

n 14 14 14 11 11 14 11

≤ 3 years on ERT

Mean (SD) 57.3 (33.4) 66.6 (28.9) 72.6 (33.8) 52.5 (17.1) 63.9 (24.1) 57.3 (33.4) 61.6 (27.3)

n 4 4 4 4 4 4 4

> 3 years on ERT

Mean (SD) 54.9 (41.6) 36.2 (23.8) 65.3 (30.8) 52.47 (34.8) 51.3 (18.7) 54.9 (41.6) 48.9 (29.3)

n 2 3 3 3 3 2 2

SD, standard deviation. 

PedsQL
We have 22 PedsQL questionnaires completed by children or their carers. Table 65 shows a 
descriptive summary of the total score and the scores from the component scale scores by type of 
treatment. The scale ranges from 0 to 100, where higher scores indicate better HRQoL.



150 Results – Fabry disease

TABLE 66  The association between time on ERT and PedsQL scores in children with Fabry disease

Physical 
functioning

Emotional 
functioning

Social 
functioning 

School 
functioning

Psychosocial 
health 
summary 
score

Physical 
health 
summary 
score Total score

Gender

	 Male 0.00 0.00 0.00 0.00 0.00 0.00 0.00

	 Female 10.4 11.6 2.73 3.01 6.23 10.4 10.1

	 95% CI –12.4 to 
33.2

–11.2 to 
34.5

–28.5 to 
33.9

–16.9 to 
23.0

–14.3 to 26.7 –12.4 to 
33.2

–11.8 to 32.0

	 p-value 0.38 0.33 0.86 0.77 0.56 0.38 0.38

Current age

	 Mean increment/year –4.82 –2.66 –3.36 –4.34 –3.47 –4.82 –4.48

	 95% CI –7.88 to 
–1.75

–5.91 to 
0.59

–7.77 to 
1.04

–8.24 to 
–0.63

–7.28 to 0.34 –7.88 to 
–1.75

–8.32 to 
–0.66

	 p-value 0.006 0.12 0.15 0.03 0.09 0.006 0.03

Time on ERT

	 Mean increment/year –3.77 –7.91 –0.17 –1.10 –2.96 –3.77 –4.17

	 95% CI –12.8 to 
5.25

–16.3 to 
0.47

–11.4 to 
11.1

–8.52 to 
6.32

–10.4 to 4.52 –12.8 to 
5.25

–12.8 to 4.45

	 p-value 0.42 0.08 0.97 0.77 0.45 0.42 0.35

Variance components

	 Individual 219.7 232.6 587.5 68.5 202.1 219.7 210.1

	 Centre 0.00 0.00 0.00 0.00 0.00 0.00 0.00

	 Residual 146.1 191.2 186.7 274.5 134.9 146.1 122.7

The linear model shows a reduction in all PedsQL scores with age. These associations were 
significant in the total score (p = 0.03), the physical functioning (p = 0.006) and school 
functioning (p = 0.03) subscales. After adjusting for age, no relationship between time on ERT 
and any PedsQL subscale was seen (Table 66).

Fatigue Severity Scale
Two hundred and forty-three FSS questionnaires completed by 173 patients were collected. The 
scores ranged from 1 to 7 [where a high score (≥ 4) is indicative of significant fatigue].228,229

A longitudinal model was fitted to assess the linear relationship between FSS and time on ERT, 
after adjusting for age (Table 67). As can be seen in Table 67, the FSS was not significantly 
associated with age (p = 0.49). There was, however, a significant association between time on ERT 
and an increase in the age-adjusted FSS (p = 0.02), suggesting an increase in fatigue with time on 
ERT. In this initial analysis, we examined the association between time on ERT, categorised as 
‘not treated’, < 12 months, 12–36 months and > 36 months, and fatigue severity.
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TABLE 67  The association between time on ERT and FSS in adults with Fabry disease (linear mixed-effects model) 

NData

Estimate of change of 
mean FSS Standard error 95% CI p-value

Gender

	 Male 116 0.0

	 Female 127 –0.47 0.27 –0.99 to 0.06 0.09

Age 

	 Linear effect/year 0.007 0.01 –0.01 to 0.03 0.49

Time on ERT

	 Not on ERT 38 0.00 0.02

	 < 12 months 10 0.21 0.52 –0.81 to 1.23 0.67

	 12–36 months 52 0.66 0.36 –0.04 to 1.46 0.07

	 > 36 months 143 1.00 0.32 0.37 to 1.63 0.002

Variance components

	 Individual 2.61

	 Centre 0.00

	 Residual 0.61

Further analysis was conducted to explore the shape of the relationship between fatigue severity 
and time on ERT treated as a continuous variable. This analysis suggested that the relationship 
between fatigue severity and time on ERT was curvilinear (edf = 2.19; p = 0.02) (Figure 44), with 
self-reported fatigue increasing with duration on ERT.

Carer Strain Index
Five CSI questionnaires were completed across all prospective time points. Data for the CSI total 
score ranged from 3 to 24. There were insufficient data for further analysis.
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FIGURE 44  The age-adjusted association between time on ERT and FSS in adults with Fabry disease (time on ERT 
treated as a continuous variable).



152 Results – Fabry disease

Comparison of the effectiveness of agalsidase alpha and 
agalsidase beta in Fabry disease

The longitudinal models presented above were extended to assess whether or not the effect of 
time on ERT varied according to the initial treatment patients received (agalsidase alpha or 
agalsidase beta). Each model partitioned the effect of time on ERT into two components: a 
common effect of being treated with an ERT (either agalsidase alpha or agalsidase beta) and a 
separate component for the incremental effect of receiving agalsidase beta rather than agalsidase 
alpha. To simplify the comparisons, the effect of time on ERT was considered as a linear function 
in all models (for both components). Patients who have never been treated with ERT were 
excluded from these models.

Heart size – left ventricular mass index

Adults
Left ventricular mass index data were collected for 172 adults, with 68 adults on agalsidase alpha 
and 104 adults on agalsidase beta (Table 68).

Treatment with agalsidase beta had a similar effect on adult LVMI levels to treatment with 
agalsidase alpha (incremental effect of agalsidase beta = –1.31 g/m2/year; 95% CI –4.11 to 
1.48; p = 0.36).

TABLE 68  The association between time on ERT and LVMI in adults with Fabry disease by treatment type – agalsidase 
alpha and agalsidase beta (linear mixed-effects model)

NData

Estimate of change 
in LVMI (g/m2) Standard error 95% CI p-value

Gender

	 Male 203 0.00

	 Female 255 –42.50 6.26 –54.77 to –30.24 < 0.001

Age 

	 Linear effect/year 1.60 0.22 1.17 to 2.03 < 0.001

Time on ERT

	 Linear effect/year –1.06 1.19 –3.40 to 1.28 0.38

Comparison of treatments (per year)

	 Agalsidase alpha 0.00

	 Agalsidase beta –1.31 1.43 –4.11 to 1.48 0.36

Variance components

	 Individual 1264

	 Centre 307

	 Residual 608
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Children
Left ventricular mass index data were collected for nine children, with five children on agalsidase 
alpha and four children on agalsidase beta.

No statistically significant evidence was found for a difference between the effects of agalsidase 
beta and agalsidase alpha on LVMI levels in children (incremental effect of agalsidase 
beta = 0.98 g/year, 95% CI –6.67 to 8.60; p = 0.80) (Table 69).

TABLE 69  The association between time on ERT and LVMI in children with Fabry disease by treatment type – 
agalsidase alpha and agalsidase beta (linear mixed-effects model) 

NData

Estimate of 
change in 
LVMI (g/m2) Standard error 95% CI p-value

Gender

	 Male 12 0.00

	 Female 11 –10.48 9.28 –28.70 to 7.71 0.27

Age 

	 Linear effect/year 2.12 1.39 –0.61 to 4.85 0.14

Time on ERT

	 Linear effect/year –3.38 2.41 –8.09 to 1.33 0.17

Comparison of treatments (per year)

	 Agalsidase alpha 0.00

	 Agalsidase beta 0.98 3.90 –6.67 to 8.60 0.80

Variance components

	 Individual 92

	 Centre 0

	 Residual 78
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TABLE 70  The association between time on ERT and eGFR in adults with Fabry disease by treatment type – agalsidase 
alpha and agalsidase beta (linear mixed-effects model) 

NData

Estimate of change in eGFR
ml/minute/1.73 m2 Standard error 95% CI p-value

Gender

	 Male 514 0.00

	 Female 566 5.08 3.17 –1.14 to 11.31 0.11

Age 

	 Linear effect/year –1.12 0.11 –1.32 to –0.91 < 0.001

Time on ERT

	 Linear effect/year 0.66 0.29 0.10 to 1.23 0.02

Comparison of treatments (per year)

	 Agalsidase alpha 0.00

	 Agalsidase beta 0.36 0.36 –0.34 to 1.06 0.32

Variance components

	 Individual 453

	 Centre 18

	 Residual 135

TABLE 71  The association between time on ERT and eGFR in male adults with Fabry disease by treatment type – 
agalsidase alpha and agalsidase beta (linear mixed-effects model)

Estimate of change in eGFR
ml/minute/1.73 m2 Standard error 95% CI p-value

Age 

	 Linear effect/year –1.39 0.16 –1.70 to –1.08 < 0.001

Time on ERT

	 Linear effect/year 0.58 0.42 –0.26 to 1.41 0.18

Comparison of treatments (per year)

	 Agalsidase alpha 0.00

	 Agalsidase beta –0.37 0.51 –1.38 to 0.64 0.48

Variance components

	 Individual 523

	 Centre 0

	 Residual 149

Renal function – estimated glomerular filtration rate

Adults
Estimated glomerular filtration rate data were collected for 203 adults, with 86 adults on 
agalsidase alpha and 117 adults on agalsidase beta.

Overall, treatment with agalsidase beta had a similar effect on adult eGFR levels to treatment 
with agalsidase alpha (incremental effect of agalsidase beta = 0.36 ml/minute/1.73 m2/
year; 95% CI –0.34 to 1.06; p = 0.32) (Table 70). No difference between treatments was 
found when the analysis was repeated in adult males only (incremental effect of agalsidase 
beta = –0.37 ml/minute/1.73 m2/year; 95% CI –1.38 to 0.64; p = 0.48) (Table 71). However, there 
was evidence to suggest that treatment with agalsidase beta increased eGFR levels at a faster 
rate than treatment with agalsidase alpha in adult females (incremental effect of agalsidase 
beta = 0.99 ml/minute/1.73 m2/year; 95% CI 0.06 to 1.91; p = 0.04) (Table 72).
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Children
Estimated glomerular filtration rate data were collected for 15 children, with 5 children on 
agalsidase alpha and 10 children on agalsidase beta.

In children, treatment with agalsidase beta had a similar effect on adult eGFR levels to treatment 
with agalsidase alpha (incremental effect of agalsidase beta = 3.45 ml/minute/1.73 m2/year; 
95% CI –4.14 to 11.05; p = 0.38) (Table 73).

TABLE 73  The association between time on ERT and eGFR in children with Fabry disease by treatment type – 
agalsidase alpha and agalsidase beta (linear mixed-effects model)

NData

Estimate of change in eGFR
ml/minute/1.73 m2 Standard error 95% CI p-value

Gender

	 Male 25 0.00

	 Female 17 7.21 15.70 –23.6 to 38.01 0.65

Age 

	 Linear effect/year –3.64 2.20 –7.95 to 0.67 0.10

Time on ERT

	 Linear effect/year 1.70 3.76 –5.67 to 9.07 0.65

Comparison of treatments (per year)

	 Agalsidase alpha 0.00

	 Agalsidase beta 3.45 3.87 –4.14 to 11.05 0.38

Variance components

	 Individual 692

	 Centre 43

	 Residual 238

TABLE 72  The association between time on ERT and eGFR in female adults with Fabry disease by treatment type – 
agalsidase alpha and agalsidase beta (linear mixed-effects model) 

Estimate of change in eGFR
ml/minute/1.73 m2 Standard error 95% CI p-value

Age 

	 Linear effect/year –0.84 0.14 –1.11 to –0.57 < 0.001

Time on ERT

	 Linear effect/year 0.82 0.38 0.07 to 1.56 0.03

Comparison of treatments (per year)

	 Agalsidase alpha 0.00

	 Agalsidase beta 0.99 0.47 0.06 to 1.91 0.04

Variance components

	 Individual 393

	 Centre 20

	 Residual 116
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Proteinuria

Adults
Proteinuria data were collected for 197 adults, with 85 adults on agalsidase alpha and 112 adults 
on agalsidase beta.

Treatment with agalsidase beta did not change the risk of proteinuria in adults compared with 
treatment with agalsidase alpha (p = 0.90) (Table 74).

TABLE 74  The association between time on ERT and risk of proteinuria in adults with Fabry disease by treatment type – 
agalsidase alpha and agalsidase beta (linear mixed-effects model) 

NHigh NLow OR 95% CI p-value

Gender

	 Male 212 197 1.00

	 Female 231 213 0.26 0.07 to 1.00 0.05

Age 

	 Linear effect/year 1.07 1.02 to 1.12 0.003

ACE inhibitors

	 No 374 392 1.00

	 Yes 69 18 1.96 0.65 to 5.88 0.23

Time on ERT

	 Linear effect/year 0.88 0.72 to 1.07 0.19

Comparison of treatments (per year)

	 Agalsidase alpha 1.00

	 Agalsidase beta 0.98 0.76 to 1.28 0.90
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Brief Pain Inventory

Pain severity
Brief Pain Inventory questionnaires were completed by 120 adults with Fabry disease on ERT 
(with 29 adults on agalsidase alpha and 91 adults on agalsidase beta) across all time points.

People with Fabry disease treated with agalsidase beta had similar levels of Pain Severity Score to 
patients treated with agalsidase alpha (p = 0.20) (Table 75).

TABLE 75  The association between time on ERT and Pain Severity Score in adults with Fabry disease by treatment 
type – agalsidase alpha and agalsidase beta (linear mixed-effects model)

NData

Estimate of 
change in Pain 
Severity Score Standard error 95% CI p-value

Gender

	 Male 206 0.00

	 Female 166 0.54 0.40 –0.25 to 1.33 0.18

Age 

	 Linear effect/year –0.004 0.01 –0.03 to 0.02 0.76

Time on ERT

	 Linear effect/year –0.20 0.09 –0.38 to –0.01 0.04

Comparison of treatments (per year)

	 Agalsidase alpha 0.00

	 Agalsidase beta 0.12 0.10 –0.07 to 0.31 0.20

Variance components

	 Individual 3.96

	 Centre 0.00

	 Residual 1.66
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Pain interference
People with Fabry disease treated with agalsidase beta had similar levels of Pain Interference 
Score to patients treated with agalsidase alpha (p = 0.42) (Table 76).

TABLE 76  The association between time on ERT and Pain Interference Score in adults with Fabry disease by treatment 
type – agalsidase alpha and agalsidase beta (linear mixed-effects model) 

NData

Estimate of 
change in Pain 
Interference 
Score Standard error 95% CI p-value

Gender

	 Male 205 0.00

	 Female 161 0.25 0.48 –0.68 to 1.18 0.60

Age 

	 Linear effect/year 0.0004 0.02 –0.03 to 0.03 0.98

Time on ERT

	 Linear effect/year –0.14 0.12 –0.38 to 0.10 0.25

Comparison of treatments (per year)

	 Agalsidase alpha 0.00

	 Agalsidase beta –0.10 0.13 –0.36 to 0.15 0.42

Variance components

	 Individual 4.99

	 Centre 0.53

	 Residual 2.94
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FIGURE 45  Risk of requiring a hearing aid by age and treatment type – agalsidase alpha and agalsidase beta (Kaplan–
Meier curve).

Audiology – use of hearing aid

Hearing data were collected for 206 patients on ERT, with 89 patients on agalsidase alpha and 117 
patients on agalsidase beta.

Figure 45 shows Kaplan–Meier curves for the age at the first recorded instance of the patient 
using a hearing aid. The curves illustrate the risk of moving from not requiring a hearing aid to 
requiring a hearing aid at different ages, for patients on agalsidase alpha and agalsidase beta.

The HR comparison for the probability of requiring a hearing aid for the patients receiving 
agalsidase alpha or agalsidase beta was 1.87 (95% CI 0.56 to 6.22; p = 0.31).
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Neurology – transient ischaemic attack/stroke

Transient ischaemic attack/stroke data were collected for 201 patients, with 90 patients on 
agalsidase alpha and 121 patients on agalsidase beta.

Figure 46 shows Kaplan–Meier curves for the age at first experiencing a TIA or stroke. The curves 
illustrate the risk of having a TIA or stroke at different ages, for patients on agalsidase alpha and 
agalsidase beta.

The model shows a similar profile for patients on both ERT formulations. There was no 
significant association between treatment status and the probability of requiring a hearing aid 
(the HR for being on agalsidase alpha relative to agalsidase beta = 1.41; 95% CI 0.38 to 5.25; 
p = 0.61).

Safety and complications

Of the 311 participants with Fabry disease in this study, six patients experienced anaphylactic 
reactions, five patients experienced febrile reactions and seven patients were reported to have 
a positive antibody status to infused product. None of the above patients had their treatment 
stopped following these events.

A further seven patients stopped ERT during the period of data collection. Of these, four patients 
were on agalsidase beta and three patients were on agalsidase alpha. One patient failed to comply 
with the regime, one patient stopped at the end of a clinical trial and one patient stopped during 
pregnancy. No reason for stopping treatment was cited for the remaining four patients.
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FIGURE 46  Risk of TIA/stroke by age and treatment type – agalsidase alpha and agalsidase beta (Kaplan–Meier curve).
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There were no study-related adverse events among people with Fabry disease, although one 
patient refused to continue completing the study questionnaires 1 year after consenting 
to participate. Two patients died during the course of the study (one from disease-related 
complications and one from a non-related condition).

Cost of enzyme replacement therapy in people with Fabry disease

Table 77 shows the current purchase cost to the NHS of the ERTs agalsidase alpha and agalsidase 
beta. Note that the drug costs for agalsidase alpha include the nursing cost for providing the 
infusion sessions (‘home care’).

Table 78 shows the NSCT-estimated annual NHS per patient cost of providing these drugs. Note 
that these costs include both the drug costs and home-care costs where the NSCT fund them.

Cost of care for adults with Fabry disease

Total care cost – financial burden of Fabry disease
Table 79 shows the estimated annual cost to the NHS and publicly funded social-care services of 
caring for an adult with Fabry disease. Of the estimated mean per patient annual cost of £3300, 
70% is as a result of NHS hospital services used, with just under a half of this (£1000 per patient 
per year) from inpatient stays, whereas about 40% (£940 per patient) is from outpatient visits 
(see Table 80). Of the £1000 per patient per year from using services outside of hospital, about 
one-tenth (£110 per patient) is as a result of GP visits and over four-fifths (£840) is as a result of 
regular visits from either district nurses, health visitors or other nurses (many of these will be for 
regular ERT infusions) (see Table 81).

TABLE 77  Unit cost of ERT for Fabry disease

Drug full name Proprietary name and unit 2011 base price per unit (£)

Agalsidase alpha Replagal®, 3.5 mg 1049.94

Agalsidase beta Fabrazyme®, 35 mg 2086.76

Agalsidase beta Fabrazyme®, 5 mg 298.11

Source: data kindly supplied by the NSCT, in December 2011.

TABLE 78  Annual NHS cost per patient for ERT for Fabry disease (2011)

Drug Adults Children

Agalsidase alpha 3.5 mg £120,840 £89,199

Agalsidase beta 35 mg and/or 5 mga £106,394 £79,478

PPRS, Pharmaceutical Price Regulation Scheme.
Source: data kindly supplied by the NSCT in January 2012. The data are the full year average costs for those patients taking these drugs at the 
end of December 2011.
a	 One of these patients had agalsidase beta 5 mg, which was purchased and priced after October 2011 PPRS. All other costs in the table are 

based on January 2010 PPRS prices.



162 Results – Fabry disease

Cost breakdown by hospital- and community-based services 
Tables 80 and 81 show the cost breakdown of the hospital and community (non-hospital) services 
and professionals used by adults with Fabry disease. Sixty patients, or just under one-quarter 
of those adults who provided valid service-use data, had hospital stays as inpatients, and this 
accounted for > 40% of the NHS hospital costs in Fabry adults. In contrast, over three-fifths 

TABLE 79  Estimated annual care costs of adult patients with Fabry disease (data as at study entry)

Type of service

No. with valid 
resource use 
data

Per cent of 
all at study 
entry

No. (%) who 
used this type of 
service

Mean 
cost (£)

Standard 
deviation

Median 
cost (£)

Interquartile 
range (£)

Hospital services 257 89 192 (75) 2300 4679 940 0–1880

Services outside hospital 257 89 205 (80) 1000 2702 81.5 16–340

Total health- (NHS) and 
social-care cost

257 89 237 (92) 3300 5958 1000 200–3200

TABLE 80  Breakdown of the cost of NHS hospital services (adults with Fabry disease)

Type of hospital care
No. (%) who used this 
type of service Mean cost (£)

Standard 
deviation Median cost (£) Interquartile range (£)

Inpatient stays 60 (23) 1000 3399 0 0–0

Outpatient visits 161 (63) 940 2447 0 0–940

Day cases 41 (16) 290 978 0 0–0

Accident and emergency visits 31 (12) 21 83 0 0–0

Total hospital (NHS) care cost 192 (75) 2300 4679 0 0–0

TABLE 81  Breakdown of the cost of NHS and social-care services outside hospital (adults with Fabry disease)

Care provider
No. (%) who used 
this provider

Mean cost 
(£)

Standard 
deviation Median cost (£) Interquartile range (£)

GP visits (including home visits) 186 (72) 110 149 54 0–140

GP nurse appointments 9 (4) 7 15 0 0–8

District nurses 6 (2) 31 345 0 0–0

Community mental health nurse 0 0 0 0 0–0

Other nurse or health visitor 48 (19) 710 2088 0 0–0

Counsellor 6 (2) < 1 6 0 0–0

Other therapist 8 (3) 33 447 0 0–0

‘Alternative’ medicine or therapy 2 (1) 120 1589 0 0–0

Psychologist 6 (2) 7 55 0 0–0

Psychiatrist 0 0 0 0 0–0

Other community-based doctor 2 (1) 1 17 0 0–0

Occupational therapist 2 (1) 2 24 0 0–0

Social worker 1 (0.4) < 1 10 0 0–0

Home help 2 (1) 8 91 0 0–0

Care attendant 0 0 0 0 0–0

Community support worker 0 0 0 0 0–0

Housing worker 1 (0.4) < 1 3 0 0–0

All non-hospital NHS and social-care 
providers

205 (80) 1000 2696 0 0–0
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(63%) of patients reported having at least one hospital outpatient attendance during the previous 
12 months.

The majority of costs related to using community-based services were as a result of the relatively 
small minority of adults with Fabry disease who used health visitors or other nurses regularly 
(48 patients, 19%). They accounted for £710 of the £1000 yearly per patient cost of services used 
outside hospital. Although nearly three-quarters of adults with Fabry disease had seen their GP 
at least once during the past year, these accounted for only £110 of the £3000 annual cost of NHS 
and publicly funded social-care services consumed. Other support providers used by smaller 
numbers of adults with Fabry disease were ‘other therapists’ (e.g. physiotherapists) and district 
nurses, psychologists and counsellors (see Table 81).

Cost of care for children with Fabry disease

Total care cost – financial burden of Fabry disease
Table 82 shows the estimated annual cost to the NHS and publicly funded social-care services of 
caring for a child with Fabry disease, based on the 18 children whose parents or carers supplied 
service-use data at study entry (mean age 10 years, range 1.8–16 years, 10 male). Of the estimated 
mean per patient annual cost of £1300, approximately half is as a result of NHS hospital services 
used, approximately three-fifths (£380) is from inpatient stays, whereas about one-fifth (£130 
per patient) is from outpatient visits (see Table 83). Of the £710 per patient per year from using 
services outside hospital, about one-fifth (£140 per patient) is as a result of GP visits while almost 
two-thirds (£460) is as a result of regular visits from either district nurses, health visitors or other 
nurses (note some of these may be for regular ERT infusions) (see Table 84).

Cost breakdown by hospital- and community-based services
Tables 83 and 84 show the cost breakdown of the hospital and community (non-hospital) services 
and professionals used by children with Fabry disease. Four patients who had valid service-use 
data had hospital stays as inpatients, and this accounted for > 40% of the NHS hospital costs for 
children with Fabry disease. In contrast, over three-fifths (63%) of patients reported having at 
least one hospital outpatient attendance during the previous 12 months.

The majority of costs related to using community-based services were due to the relatively small 
minority of children with Fabry disease who used district nurses, health visitors or other nurses 
regularly. They accounted for £460 of the £710 yearly per patient cost of services used outside 
hospital. Although almost all children with Fabry disease had seen their GP at least once during 
the past year, these visits accounted for only £140 of the £1300 annual cost of NHS and publicly 

TABLE 82  Estimated annual care costs of child patients with Fabry disease (data as at study entry)

Type of service

No. with valid 
resource use 
data

Per cent of 
all at study 
entry

No. (%) who 
used this type 
of service

Mean 
cost (£)

Standard 
deviation

Mediana 
cost (£)

Interquartile 
rangea (£)

Hospital services 18 82 7 630 1007 1500 940–2700

Services outside hospital 18 82 17 710 1378 130 130–330

Total health (NHS) and 
social-care cost

18 82 17 1300 1600 240 130–3200

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).
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funded social-care services consumed. Other support providers used by smaller numbers of 
children with Fabry disease were physiotherapists, psychologists and psychiatrists (see Table 84).

Association between time on enzyme replacement therapy and cost of 
caring for patients with Fabry disease

From the longitudinal regression modelling of costs for patients with Fabry disease, there was no 
statistically significant association (i.e. no p-values < 0.05 for the regression coefficient) in either 
adults or children between time on ERT and either total NHS and social-care costs, hospital-care 
costs, or non-hospital-care costs. The tabulated results of these analyses are available on request 
from the study authors.

TABLE 83  Breakdown of the cost of NHS hospital services (children with Fabry disease)

Type of hospital care
No. (%) who used 
this type of service Mean cost (£) Standard deviation Mediana cost (£)

Interquartile rangea 
(£)

Inpatient stays 4 380 765 1900 940–2100

Outpatient visits 2 130 384 1200 1100–1200

Day cases 1 83 350 1500 N/A

Accident and emergency 
visits

2 34 122 310 100–520

Total hospital (NHS) care 
cost

7 630 1007 1500 940–2700

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).

TABLE 84  Breakdown of the cost of NHS and social-care services outside hospital (children with Fabry disease)

Care provider
No. (%) who used 
this provider Mean cost (£)

Standard 
deviation Mediana cost (£)

Interquartile 
rangea (£)

GP visits (including home visits) 17 140 98 130 82–130

GP nurse appointments 6 7 3 5 8–10

District nurses 2 220 905 1900 43–3800

Community mental health nurse 0 0 0 0 0–0

Other nurse or health visitor 2 240 996 2100 7–4200

Counsellor 0 0 0 0 0–0

Other therapist 1 1 4 19 N/A

‘Alternative’ medicine or therapy 0 0 0 0 0–0

Psychologist 1 27 115 490 N/A

Psychiatrist 1 94 400 1700 N/A

Other community-based doctor 0 0 0 0 0–0

Occupational therapist 0 0 0 0 0–0

Social worker 0 0 0 0 0–0

Home help 0 0 0 0 0–0

Care attendant 0 0 0 0 0–0

Community support worker 0 0 0 0 0–0

Housing worker 0 0 0 0 0–0

All non-hospital NHS and social-care 
providers

18 710 1378 130 130–330

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).
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Discussion of Fabry disease results

Evidence for the effectiveness of ERT in treating Fabry disease has come from three randomised, 
placebo-controlled trials,134–136 (n = 70, duration 5–6 months) including a total of 27 patients 
on agalsidase beta and 21 patients on agalsidase alpha, and 11 observational, non-comparative, 
before-and-after studies (n = 493, duration up to 24 months). These studies are summarised in a 
2006 HTA-commissioned systematic review19 of effectiveness and cost-effectiveness. The review 
concluded that overall, the results suggest some beneficial effect of ERT on measures of pain and 
cardiovascular function with an apparent stabilisation of renal function.

In this study, we examined potential associations between treatment and LVMI, kidney function, 
pain, hearing, and TIA or strokes. We also examined the relationship between treatment and 
QoL assessed by either SF-36 or PedsQL depending on age. We had planned to examine the 
association between use of ERT and developmental quotient in children but almost no data on 
this outcome were recorded.

These analyses depend on the fact that patients began treatment with algalsidase alpha or 
algalsidase beta, at different ages dependent on the time that the drug became available. However, 
it should be noted that, of the 127 patients on agalsidase beta at recruitment, 66 patients switched 
to agalsidase alpha during the shortage period (from June 2009). Of these, two patients were 
recorded as switching back to agalsidase beta, whereas the remaining 64 patients remained on 
agalsidase alpha. Conversely, two patients who were on agalsidase alpha at recruitment switched 
to agalsidase beta during the same period. As our analysis compared the outcome of treatment 
depending on which of the two drugs patients were initially assigned (the equivalent of an 
intention-to-treat analysis), these changes in treatment regimen have not been taken into account 
in our models.

Overall, our results provide evidence to suggest positive effects of ERT on left ventricular 
hypertrophy and renal function (as assessed by age-adjusted eGFR and the risk of proteinuria). 
We also have some evidence suggesting that ERT is associated with a decrease in the extent to 
which pain interferes with QoL although we found no statistically significant association with the 
severity of pain.

We found no statistically significant evidence of an effect on the risk of hearing impairment or of 
TIA and stroke.

The duration of treatment with ERT was associated with worse scores on both SF-36 PCS 
and SF-36 MCS after adjusting for age. Finally, after adjusting for age we found a statistically 
significant relationship between higher (i.e. worse) fatigue score and the duration of treatment.

For each outcome we compared the relative effects in those patients initially treated with 
agalsidase beta with those initially treated with agalsidase alpha. There were no statistically 
significant differences in any of the outcomes for adults or children. Again, results will have been 
confounded by patients switching to agalsidase alpha during the shortage of agalsidase beta.

Left ventricular mass index
Some previous studies have suggested that ERT is associated with a decrease in left ventricular 
hypertrophy. In a cohort study of 545 patients, the Fabry Outcome Survey, treatment with 
agalsidase alpha was reported to reduce left ventricular size in patients who had an enlarged heart 
at baseline.142 Hughes and colleagues138 reported that in a RCT of 15 male patients with Fabry 
disease, left ventricular mass (LVM) was significantly reduced following 6 months of treatment 
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with agalsidase alpha compared with the placebo group. However, Eng and colleagues136 reported 
that echocardiograms of 15 patients in an open-label, dose escalation study remained unchanged 
after commencing treatment on agalsidase beta and no reduction in LVM was reported in either 
of the two treatment groups in a comparative trial of agalsidase alpha and agalsidase beta149 
(n = 34).

Although in our initial analyses we found no statistically significant association between age 
adjusted LVMI in adults and time on ERT (p = 0.11), when time on ERT was categorised as 
‘not treated’, < 12 months, 12–36 months and > 36 months, further analysis where time on ERT 
was treated as a continuous variable suggested that treatment with ERT has a significant linear 
effect of reducing LVMI (edf = 1; p = 0.01). We found no such association in children but this is 
unsurprising given the small numbers involved.

Renal function
Beck and colleagues142 reported that in their cohort study of 545 patients on agalsidase alpha, 
renal function stabilised in patients with a mild or moderate deterioration in renal function 
at baseline. Similarly, in an open-label, extension trial of a RCT of 58 patients, stabilisation of 
renal disease progression was reported after 54 months on agalsidase beta.141 Meanwhile, Eng 
and colleagues136 reported that renal magnetic resonance images of patients in an open-label, 
dose-escalation study remained unchanged after commencing treatment on agalsidase beta and 
no change was seen in the glomerular filtration rate of 34 patients treated with either agalsidase 
alpha or beta in a comparative trial.149

Germain and colleagues141 examined the long-term effects of agalsidase beta, in an open-label, 
Phase III, extension trial of 58 patients over 54 months. After 54 months of treatment, median 
proteinuria remained stable which they interpreted as a stabilisation of renal disease progression. 
They also suggested that significant renal involvement at pre-treatment increased the likelihood 
for renal progression over time.

In this study, we found a statistically significant association between time on ERT and an 
increase in age-adjusted eGFR in adults (p = 0.002) when time on ERT was categorised as ‘not 
treated’, < 12 months, 12–36 months and > 36 months. Further analysis treating time on ERT as 
a continuous variable suggested a non-linear relationship between eGFR levels and time on ERT 
(edf = 2.05; p = 0.001) with the effect apparently plateauing after approximately 6 years. When data 
from men and women were analysed separately the association remained significant for women 
but not for men (although the association was in the same direction).

Bayesian models predicted that the eGFR of patients starting on ERT at either age 18 or 45 years 
would increase relative to untreated patients, before levelling off. The treatment effect appears to 
be of greater magnitude for patients who commenced treatment at 45 years than for those who 
commenced treatment at 18 years; the Bayesian probability that first infusion at age 45 years will 
result in greater increase in eGFR after 5 years on ERT than first infusion at age 18 years = 55%.

When data from male and female patients were fitted separately to the Bayesian model, the 
trajectories for the genders were very different. Both male and female patients with Fabry disease 
have improved eGFR on treatment relative to untreated patients, but the model suggests that 
effect in male patients is of a smaller magnitude than in females. Also, female patients who 
commence treatment later in life are predicted to continue to have improved eGFR for at least 
5 years, whereas a plateauing of treatment effect is predicted in all other cases. The Bayesian 
probability that first infusion at age 45 years will result in greater increase in eGFR after 5 years 
on ERT than first infusion at age 18 years, is 54% in both males and females.
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The paucity of data available means that estimates of the effect of ERT in children have very wide 
CIs and little power to detect an effect.

We were also able to explore the association between time on ERT and the risk of proteinuria. 
After adjusting for age and whether or not the patient was taking an ACE inhibitor, there was a 
statistically significant association between a decreased risk of proteinuria in adults and time on 
ERT when time on ERT was treated as a categorical (p < 0.001) variable. However, when time was 
treated as a continuous variable, no significant relationship was seen (edf = 1.0; p = 0.16).

Hearing
Hajioff and colleagues135 examined the effect of agalsidase alpha on hearing loss in 15 male 
patients with Fabry disease in a 6-month randomised trial, followed by an open-label extension 
for a further 24 months. After 24 months, they reported that hearing deterioration at baseline was 
reversed in 15 out of 20 ears.

In this study, we categorised hearing loss according to whether or not patients required a hearing 
aid. A Kaplan–Meier model shows a similar profile for patients on and off ERT, and indicates 
that by the age of 60 years, approximately 40% of patients with Fabry disease require a hearing 
aid. There was no statistically significant association between treatment status and the probability 
of requiring a hearing aid (the HR for ERT relative to not on ERT = 0.96; 95% CI 0.28 to 3.18; 
p = 0.95).

Transient ischaemic attack/stroke
Patients with Fabry disease are reported to have an increased risk of strokes and TIAs at an early 
age.128,255 These can be seen in some patients as the first disease event.256

Several studies have estimated the incidence of stroke in various small cohorts of patients with 
Fabry disease. Vedder and colleagues257 reported that 12 of 25 males (48%) and 13 of 41 females 
(32%) had experienced a cerebrovascular accident or lacunar stroke, at a median age of 46 and 
52 years, respectively. Gupta and colleagues125 reported that 4 of 54 female patients with Fabry 
disease (7%) had experienced strokes, at a median age of 51 years, and Grewal and colleagues258 
reviewed various types of imaging data and reported that 8 of 33 people with Fabry disease (24%) 
had experienced strokes at a median age as low as 26.5 years. Using data from the Fabry Outcome 
Survey (FOS) Registry, Mehta and Ginsberg259 reported that the overall prevalence of ischaemic 
stroke or TIAs was 13%, with events tending to occur at an early age. Prevalence of ischaemic 
strokes among male Fabry patients aged 25–44 years was 12 times that experienced in the general 
population. Clearly, the cumulative incidence in any cohort will depend on the age distribution.

In this study, patients were categorised according to whether or not they had had one or more 
TIAs or strokes. At recruitment, 30 patients (almost 10% of participants, 18 males and 12 
females) were reported as having had a TIA or stroke. No further strokes were reported during 
the study period.

Similar to Gupta and colleagues,125 our data suggests that patients with Fabry disease, on or off 
ERT, have a low probability of having a TIA or stroke before the age of 40 years but that the risk 
increases thereafter.

We found no statistically significant association between treatment status and the probability of 
having a TIA or stroke (HR = 2.08; 95% CI 0.42 to 10.2; p = 36).
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Pain
A number of previous studies have reported improvements in pain related to the use of ERT. In 
a cohort study of 545 patients on the Fabry Outcome Survey, treatment with agalsidase alpha 
was reported to improve pain scores and QoL.142 Eng and colleagues136 also reported that ‘overall 
pain’ and ‘present pain intensity’ scores significantly improved after five infusions at all doses 
in a dose escalation study. In a double-blinded, placebo-controlled RCT of 26 males with Fabry 
disease, statistically significant reduction in mean neuropathic Pain Severity Score was reported 
in children treated with agalsidase alpha, whereas no significant change was measured in the 
placebo group.134 The reduction in pain severity was reported to be sustained in the 3.5-year 
extension of this study.148

We assessed pain using scores on the BPI. This produces scores for both severity of pain and 
the degree to which in interferes with activities. We found that, after adjustment, there was no 
statistically significant association between time on ERT and Pain Severity Scores. However, there 
was a statistically significant reduction in the extent to which pain interfered with activity, with 
duration on ERT (p < 0.001).

Fatigue
Fatigue has been reported as an important problem in people with Fabry disease. Ramaswami 
and colleagues152 reported that over 40% of patients aged under 18 years said that fatigue was a 
significant problem.

Guffon and colleagues260 reported results from a retrospective survey of 17 patients (mean age 
34.7 years) treated with agalsidase beta for a mean of 18.76 months. An eight-item retrospective 
questionnaire was developed to assess the effect of ERT on pain severity, heat tolerance, physical 
activity, fatigue and psychological status. The change in mean score for fatigue reported for 
patients was from 5.53 to 3.71 (p = 0.046), suggesting an improvement in fatigue experienced by 
this group of patients, although the design of the study makes the results difficult to interpret.

In contrast, we found that, after adjustment for age, increasing duration of ERT was statistically 
significantly associated with a worsening of scores on the FSS. Further analysis suggested that the 
relationship between fatigue severity and time on ERT was curvilinear (edf = 2.19; p = 0.02) (see 
Figure 44), with a gradual increase in fatigue scores during the first 4 years after commencing 
treatment, but becoming more rapid thereafter.

Quality of life
In the previously discussed cohort study, Beck and colleagues142 reported that treatment with 
agalsidase alpha improved quality life as assessed by the EQ-5D in patients with Fabry disease. 
Eng and colleagues136 reported that patients who received agalsidase beta in a double-blind 
RCT experienced significant improvements in two components of the SF-36 (physical role and 
emotion role), whereas the patients in the placebo group had significant improvement in the 
physical role and body pain components of the SF-36.

We found statistically significant associations between duration of treatment and worse scores for 
both PCS and MCS of the SF-36.

One of the limitations of this study is the lack of historical QoL data. Virtually all patients with 
Fabry disease are on treatment and so we have few data from untreated patients. Analyses can 
therefore compare only the effects on QoL of different durations of treatment rather than being 
able to assess any change in QoL when patients first go on ERT, or the difference in QoL of 
patients on treatment, compared with those not on treatment.
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Comparison of agalsidase alpha and agalsidase beta
There has been considerable controversy about the relative effectiveness of the two different 
agalsidase preparations available.

A trial by Vedder and colleagues149 compared the efficacy and tolerability of the two agalsidase 
preparations administered at identical protein dose in a open-label RCT. Thirty-four patients 
with Fabry disease were treated with either agalsidase alpha or agalsidase beta at equal dose of 
0.2 mg/kg biweekly. The primary end point was reduction in LVM after 12 and 24 months of 
treatment. After 12 and 24 months of treatment, no reduction in LVM was seen in either group. 
Similarly, no changes in glomerular filtration rate, pain or Gb3 levels were found for either group 
following treatment. Treatment failure (defined as progression of renal disease, progression of 
cardiac disease, occurrence of a new cardiovascular attack, or new lacunar infarctions on MRI) 
within 24 months of therapy was seen in 8 of the 34 patients: six male patients (three in each 
treatment group) and two female patients (both agalsidase alpha). The occurrence of treatment 
failures did not differ between the two treatment groups.

We were able to compare the outcome in patients who were recorded as being on one or other of 
these preparations. Patients were analysed in a group according to which of the two preparations 
they were receiving at the earliest point recorded in our study data. We were not able to take 
account of the effect of changes in treatment allocation over time. None of these analyses 
suggested a statistically significant difference in effect between the two preparations.

Costs associated with Fabry disease
As with all other conditions investigated in this study, we were keen to capture the wider costs of 
care falling on the public sector in addition to the costs associated with ERT.

Based on patients’ self-reported health- and social-care service use, the annual cost of caring for 
people with Fabry disease, excluding the purchase cost of ERT, was estimated at £3300 for an 
adult and £1300 for a child. These costs, however, are dwarfed by the cost of the therapies; the 
mean annual cost of ERT for adults with Fabry disease is either £108,242 or £120,840, depending 
on which ERT drug is used. For children, the mean annual cost of ERT is £79,478 or £89,199.

From the longitudinal regression modelling of costs, there was no statistically significant 
association (i.e. p-value < 0.05) between time on ERT and either total NHS and social-care costs, 
hospital-care costs, or non-hospital-care costs for patients with Fabry disease. The tabulated 
results of these analyses are available on request from the study authors.

Owing to these high associated costs, and the lack of measureable effect of ERT on either 
clinical outcomes or HRQoL measures, it was infeasible to conduct either a cost-effectiveness 
or cost–utility analysis. As they apply to all six LSDs, the limitations of these cost estimates are 
summarised and discussed in Chapter 9.
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Chapter 5  

Results – mucopolysaccharidosis type I 
(MPS I) 

Patient characteristics

At the start of the study 126 patients were identified by the treating centres as having MPS I. Of 
these, 111 patients were deemed eligible for inclusion and 72 patients (65% of those deemed 
eligible) were approached in clinics and invited to participate. Sixty-eight patients (94% of those 
approached), comprising 34 males and 34 females, consented to participate in the study. Patient 
demographic characteristics are presented in Tables 85 and 86.

At recruitment, 48 of the participants were children (aged ≤ 16 years) and 20 were adults. The 
average age of children at recruitment to the study was 7.3 (range 0.58–15.6) years and that of 
adults was 24.7 (range 16.4–37.1) years.

We collected data from all patients at the time of recruitment. Data were also collected from 
55 patients at their 12-month appointment, 20 patients at their 24-month appointment and 
2 patients at their 36-month appointment. We collected retrospective data from 59 patients at up 
to 12 time points.

As seen in Tables 85 and 86, 43 patients (8 adults and 35 children) had the severe Hurler 
phenotype (MPS IH), which is characterised by early and progressive CNS involvement. Three 
patients (two adults and one child) had the attenuated Scheie phenotype (MPS IS) with no CNS 
involvement, and 22 patients (10 adults and 12 children) had the intermediate Hurler–Scheie 
phenotype (MPS IHS).

Of those with the severe MPS IH, 35 children had received a HSCT at an average age of 1.32 
(range 0.61–3.52) years and eight of the adults had received a HSCT at an average age of 1.15 
(range 0.45–2.87) years. Two of these patients had received ERT for a short duration prior to 
the transplant.

One child with MPS IHS received a HSCT, while the remaining MPS IHS patients all received 
ERT (laronidase), as did all three MPS IS patients. At recruitment, the average time on ERT was 
3.32 (range 0.09–6.1) years for children and 4.79 (1.38–7.8) years for adults.
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TABLE 85  Treatment summary and patient demographics – adults

Patient characteristic

Gender

	 Male, n 7

	 Female, n 13

Type of MPS I

	 Hurler, n 8

	 Hurler–Scheie, n 10

	 Scheie, n 2

Age at recruitment (years)

	 Mean (SD) 24.7 (6.2)

	 Median (min.–max.) 24.7 (16.4–37.1)

Age at diagnosis (years)

	 Mean (SD) 6.74 (8.8)

	 Median (min.–max.) 3.64 (0–35.1)

Initial treatment

	 ERT (laronidase), n 7

	 HSCT, n 8

	 Clinical trial of ERT,a n 5

Type of MPS I on ERT

	 Hurler, n 0

	 Hurler–Scheie, n 10

	 Scheie, n 2

Type of MPS I with HSCT

	 Hurler, n 8

	 Hurler–Scheie, n 0

	 Scheie, n 0

Age at starting ERT (years)

	 Mean (SD) 20.86 (8.56)

	 Median (min.–max.) 18.7 (10.1–34.9)

Age at HSCT (years)

	 Mean (SD) 1.15 (0.75)

	 Median (min.–max.) 1.05 (0.45–2.87)

Time on ERT at recruitment (years) (n = 12)

	 Mean (SD) 4.79 (2.5)

	 Median (min.–max.) 4.68 (1.38–7.8)

max., maximum; min., minimum; SD, standard deviation.
a	 Patients were initially part of a RCT of ERT.



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Wyatt et al. under the terms of a commissioning contract issued by the Secretary of State for Health. This 
issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that suitable 
acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

173� Health Technology Assessment 2012; Vol. 16: No. 39DOI: 10.3310/hta16390

TABLE 86  Treatment summary and patient demographics – children

Patient characteristic

Gender

	 Male, n 27

	 Female, n 21

Type of MPS I

	 Hurler, n 35

	 Hurler–Scheie, n 12

	 Scheie, n 1

Age at recruitment (years)

	 Mean (SD) 7.26 (4.1)

	 Median (min.–max.) 6.41 (0.58–5.6)

Age at diagnosis (years)

	 Mean (SD) 1.09 (0.90)

	 Median (min.–max.) 0.77 (0.05–3.71)

Initial treatment

	 ERT (laronidase), n 10

	 HSCT, n 36

	 Clinical trial of ERT,a n 2

Type of MPS I on ERT

	 Hurler, n 0

	 Hurler–Scheie, n 11

	 Scheie, n 1

Type of MPS I with HSCT

	 Hurler, n 35

	 Hurler–Scheie, n 1

	 Scheie, n 0

Age at starting ERT (years)

	 Mean (SD) 5.36 (4.21)

	 Median (min.–max.) 3.38 (0.48–13.3)

Age at HSCT (years)

	 Mean (SD) 1.32 (0.59)

	 Median (min.–max.) 1.23 (0.61–3.52)

Time on ERT at recruitment (years) (n = 12)

	 Mean (SD) 3.32 (1.9)

	 Median (min.–max.) 4.07 (0.09–6.1)

max., maximum; min., minimum; SD, standard deviation.
a	 Patients were initially part of a RCT of ERT.



174 Results – mucopolysaccharidosis type I (MPS I)

Key markers of disease progression for mucopolysaccharidosis type I

The following measures were identified as key markers of disease progression:

■■ FVC
■■ mobility and 6-minute walk test
■■ stature (height and weight)
■■ hearing
■■ heart valve disease
■■ carpal tunnel syndrome (CTS)
■■ cervical cord compression
■■ spleen and liver size.

In addition, adults completed the SF-36, EQ-5D, FSS and the Service Use and Costs 
Questionnaire, whereas children or their carers completed the age-appropriate PedsQL 
questionnaire. Carers of children or adults were asked to complete the Service Use and Costs 
Questionnaire and the CSI.

Longitudinal models were fitted to assess relationships between continuous measures of function 
and length of time on ERT, after adjustment for age and clustering by centre. In the basic models, 
the effect of time on ERT was treated as a linear effect owing to the small number of data points. 
Further analysis was conducted to explore the possibility that time spent on ERT could have a 
non-linear effect on function. The models were extended to describe the trajectories of patients 
receiving a HSCT. Patients contributed data points to the model both before and after receiving a 
HSCT or starting ERT (where applicable). Clearly, a simplistic comparison of the effects of ERT 
and receiving a HSCT would be inappropriate given the underlying differences in the populations 
involved. An alternative model was examined in which the type of MPS I was added as a 
covariate, but this did not change the conclusions about the effect of treatment with ERT (results 
not shown).

Kaplan–Meier survival curves were estimated to illustrate differences in the age at first recorded 
occurrence of binary events that could be considered progressive (e.g. restricted mobility, 
abnormal hearing, valve disease, CTS, enlarged liver and enlarged spleen). Treatment group 
differences in survival function were tested using Cox regression models. Individual patients 
contributed intervals of time at risk to more than one of the treatment categories (no treatment, 
ERT, HSCT) as appropriate.

One would anticipate that the effect of time since receiving a HSCT might be non-linear. It is 
unclear what relation there should be and we have insufficient data to clearly establish the shape 
of the relationship. In the basic models we have assumed this is a linear relationship and as will be 
seen from the spline plots there is no strong evidence that this is inappropriate. However, we do 
recognise that if more data were available we might be led to a different set of assumptions. 

For all outcomes, we restricted our analyses to models where treatment groups contain five 
patients or more.
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Summary of results

All analyses in MPS I were hampered by a paucity of data related to the low number of patients 
recruited and lack of data recorded on key outcomes for a substantial proportion of these 
patients. This results in low power to detect any effects. The power is further diminished by the 
necessity of dealing with the heterogeneity within MPS I reflected by the different subtypes and 
the strong association between subtype and mode of treatment; of the 44 patients who received a 
HSCT, 43 had a more severe form of MPS I (i.e. Hurler subtype), whereas none of the 24 who had 
received ERT as their initial treatment had this phenotype.

We examined potential associations between treatment and FVC, mobility and 6-minute walk 
test, stature (height and weight), hearing, the presence/absence of heart valve disease and 
presence of CTS. In addition we examined the relationship between treatment and QoL assessed 
by either SF-36, EQ-5D or PedsQL depending on age, with DQ in children, and with the CSI.

We found no statistically significant relationship between time on ERT and any of these 
outcomes with the exception of an improvement (increase) in the social functioning subscale of 
the PedsQL.

Similarly, we found a statistically significant association between HSCT and an improvement of 
two subscales of the PedsQL, although not with the overall score. No other statistically significant 
associations with time since HSCT were observed.

Per cent of predicted forced vital capacity

Fourteen patients (12 on ERT and two HSCT recipients) were able to complete an upright FVC 
measurement. Results are reported as a per cent of the predicted forced vital capacity volume 
(FVC%). A total of 52 FVC measurements were recorded for these patients across all time points 
and the range of these measurements was 11–117%.

A longitudinal model was fitted to assess the linear relationship between FVC and time on ERT, 
after adjusting for age (Table 87). The model included a linear effect of time since HSCT making 
it possible to describe the trajectories of patients after HSCT.

As can be seen in Table 87, FVC was not significantly associated with age (p = 0.26), time on ERT 
(p = 0.15) or time since HSCT (p = 0.52). Females had a reduced FVC compared with males, but 
this difference was not statistically significant (p = 0.39).

No evidence was found for a non-linear association between FVC and time on ERT (edf = 1.0; 
p = 0.15) (Figure 47) or time after HSCT (edf = 1.0; p = 0.52) (Figure 48), although it is important 
to note that the data are very sparse, making clear interpretation difficult.
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TABLE 87  The association between time on ERT or time since HSCT and FVC% in adults and children with MPS I 
(linear mixed-effects model)

NData

Estimate of change 
in FVC% Standard error 95% CI p-value

Gender

	 Male 19 0.00

	 Female 33 –12.19 14.3 –40.2 to 15.8 0.39

Current age

	 Linear effect/year –0.78 0.70 –2.15 to 0.59 0.26

Time on ERT

	 Linear effect/year 1.69 1.16 –0.58 to 3.96 0.15

Time since HSCT

	 Linear effect/year –0.78 1.21 –3.15 to 1.59 0.52

Variance components

	 Individual 513.4

	 Centre 0.0

	 Residual 60.1
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FIGURE 47  The age-adjusted association between time on ERT and FVC% in adults and children with MPS I (time on 
ERT treated as a continuous variable).
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FIGURE 49  Risk of having restricted mobility by age and treatment status (ERT or HSCT) for people with MPS I 
(Kaplan–Meier curve). The curves were truncated at 20 years of age owing to fewer than five patients being at risk of 
restricted mobility in each treatment group.

Mobility

Patients were categorised as being mobile (i.e. they could walk for 5 metres or stand for 6 minutes 
unaided), as having restricted mobility (i.e. can walk aided with one or two sticks) or as being 
immobile. Figure 49 shows Kaplan–Meier curves for the age at the first recorded instance of the 
patient having restricted mobility (or being immobile). The curves illustrate the risk of moving 
from being mobile to having restricted mobility at different ages, by treatment type.
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FIGURE 48  The age-adjusted association between time since HSCT and adults and children with MPS I (time since 
HSCT treated as a continuous variable).
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All MPS I patients for whom there was mobility data contributed pre-treatment data points; 
those patients who then had a HSCT or started ERT contributed data to the respective treatment 
group curves. The two patients who received ERT prior to having a HSCT contribute to both 
curves at the appropriate time points. The tick marks correspond to ages at which individual 
patients drop out of the risk set for one of the treatment groups and so are considered censored. 
For ease of interpretation, the survival curves were truncated at ages for which fewer than five 
patients were in the risk set to avoid large imprecise jumps in the curves.

As noted in Summary of results it is important to be clear that HSCT is primarily used in patients 
with Hurler disease, whereas the majority of those receiving ERT are classified as having Hurler–
Scheie disease or Scheie disease.

The model indicates that approximately 20% of patients who have either had a HSCT or are on 
ERT have restricted mobility by the time they are 15 years old. There was no significant difference 
in the risk of having restricted mobility for patients on ERT compared with HSCT (the HR for 
ERT relative to HSCT = 0.51, 95% CI 0.04 to 5.88; p = 0.58); of course any such comparison would 
need to be treated with extreme caution owing to the differences in phenotype.

Beyond the model, three patients commenced treatment on ERT after the age of 18 years. One of 
the three was immobile at the time of commencing treatment (aged 25 years), whereas the other 
two were mobile. There was no change seen in the mobility status of the three patients during the 
data collection period.

6-minute walk test
Estimates of 6-minute walk tests were collected for 22 patients (14 patients were on ERT and 
8 patients were HSCT recipients). Eighty-two estimates of distance walked in 6 minutes were 
recorded across all time points, and these estimates ranged from 150 to 547 m (Table 88).

The linear model provided no evidence for an association between the distance walked and 
current age (p = 0.32). Distance walked was not significantly associated with either time on ERT 
or time since HSCT (p = 0.23 and p = 0.81, respectively).

TABLE 88  The association between time on ERT or time since HSCT and distance walked (m) in people with MPS I 
(linear mixed-effects model)

NData

Estimate of change in 
distance walked (m) Standard error 95% CI p-value

Gender

	 Male 38 0.00

	 Female 44 4.41 44.9 –83.6 to 92.4 0.93

Current age

	 Linear effect/year 3.04 3.02 –2.87 to 8.96 0.32

Time on ERT

	 Linear effect/year –7.05 5.86 –18.5 to 4.43 0.23

Time since HSCT

	 Linear effect/year 1.18 4.87 –8.36 to 10.72 0.81

Variance components

	 Individual 15,420.3

	 Centre 0.00

	 Residual 2384.2
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Figures 50 and 51 show no evidence for a non-linear association between distance walked and 
time on ERT (edf = 1.0; p = 0.23) (see Figure 50) or time since HSCT (edf = 1.0; p = 0.81) (see 
Figure 51).

Hearing

The MPS I patients were classified as having normal or impaired hearing according to standard 
definitions. Hearing data were collected for 56 patients, with 40 patients experiencing impaired 
hearing across all time points.
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FIGURE 50  The age-adjusted association between time on ERT and distance walked in people with MPS I (time on 
ERT treated as a continuous variable).

FIGURE 51  The age-adjusted association between time since HSCT and distance walked in people with MPS I (time 
since HSCT treated as a continuous variable).
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Kaplan–Meier curves were not estimated for patients on ERT or for patients not yet treated, 
because the risk sets for these treatment groups had fewer than five patients at all ages. Figure 52 
shows individual timelines for patients who received ERT and the age at which they first reported 
impaired hearing.

Figure 53 shows a Kaplan–Meier survival curve (and 95% CI) illustrating the probability of 
having impaired hearing by age for HSCT patients only.
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FIGURE 52  Timelines of patients at risk of hearing loss who received ERT.
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FIGURE 53  Risk of abnormal hearing by age and treatment status for children aged < 15 years old with MPS I (Kaplan–
Meier curve). The Kaplan–Meier curve was truncated at 15 years of age because fewer than five HSCT patients were at 
risk of impaired hearing.
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The model indicates that approximately 80% of HSCT patients have impaired hearing by the time 
they are 12 years old. The graph was truncated at the age 15 years, as the risk set dropped to five 
patients. Two of these patients went on to have impaired hearing before 18 years of age.

Height in children

Children’s height measurements were converted to z-scores using the British 1990 Growth 
Reference,261 with the Stata command ‘zanthro’ (StataCorp LP, College Station, TX, USA). This 
transformation allows one to examine the changes in height relative to the expected growth 
patterns for a child of the same age. Two hundred and twenty-two height measurements were 
recorded for 46 children (11 on ERT and 35 HSCT recipients), and these range from 48 to 
158 cm, with a mean z-score of –1.62. This implies that these children are on average substantially 
shorter than their peers.

The model suggests that children’s height drops through the centiles over time (p < 0.001) 
(Table 89). After the adjustment for age, there was no statistically significant association between 
time on ERT and children’s height centiles (p = 0.16), or between time since HSCT (p = 0.25).

Figure 54 shows no evidence for a non-linear relationship between children’s age-adjusted height 
and time on ERT (edf = 1; p = 0.18). However, data contributing to this model are sparse, as 
demonstrated by the wide CIs and the small number of tick marks on the rug plot. Similarly, 
Figure 55 suggests no evidence for a non-linear age-adjusted relationship between children’s 
height and time since HSCT (edf = 1; p = 0.17).

TABLE 89  The association between time on ERT or time since HSCT and height z-scores in children with MPS I (linear 
mixed-effects model)

NData

Estimate of 
increment in height Standard error 95% CI p-value

Gender

	 Male 122 0.00

	 Female 100 –0.14 0.35 –0.83 to 0.55 0.68

Current age

	 Linear effect/year –0.17 0.05 –0.27 to –0.07 < 0.001

Time on ERT

	 Linear effect/year 0.14 0.09 –0.04 to 0.32 0.16

Time since HSCT

	 Linear effect/year –0.06 0.05 –0.16 to 0.04 0.25

Variance components

	 Individual 1.22

	 Centre 0.12

	 Residual 0.55
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Weight

Children’s weights were converted to z-scores against 1990 UK norms261 using the ‘zanthro’ 
programme. Two hundred and forty-three weight measurements were recorded from 47 children 
(11 on ERT and 36 HSCT recipients) and these ranged from 6.9 to 60 kg, mean z-score –0.58. 
Although this suggests that these children weigh substantially less than their peers, on average, 
the discrepancy is considerably smaller than for height.
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FIGURE 54  The age-adjusted association between time on ERT and height z-scores in children with MPS I (time on 
ERT treated as a continuous variable).

FIGURE 55  The age-adjusted association between time since HSCT and height z-scores in children with MPS I (time 
since HSCT treated as a continuous variable).
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Overall, children’s weight z-scores reduced by an average of 0.12 standard deviations per year 
(p = 0.02) (Table 90). After adjusting for age, time on ERT was not associated with a significant 
change in weight centile (p = 0.77). Similarly, time since HSCT was not associated with a 
significant change in weight centile (p = 0.16).

Further exploration of the data provided no evidence for a non-linear association between 
weight-for-age z-score and time on ERT (edf = 1; p = 0.77) (Figure 56) or time since HSCT 
(edf = 1; p = 0.16) (Figure 57) although again these findings need to be interpreted in the light of 
sparse data as demonstrated by the wide CIs.

TABLE 90  The association between time on ERT or time since HSCT and weight z-scores in children with MPS I (linear 
mixed-effects model)

NData

Estimate of 
increment in weight Standard error 95% CI p-value

Gender

	 Male 138 0.00

	 Female 105 –0.44 0.38 –1.18 to 0.30 0.26

Current age

	 Linear effect/year –0.12 0.05 –0.22 to –0.02 0.02

Time on ERT

	 Linear effect/year 0.03 0.10 –0.17 to 0.23 0.77

Time since HSCT

	 Linear effect/year –0.07 0.05 –0.17 to 0.03 0.16

Variance components

	 Individual 1.54

	 Centre 0.00

	 Residual 0.72
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FIGURE 56  The age-adjusted association between time on ERT and weight z-scores in children with MPS I (time on 
ERT treated as a continuous variable).
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Cardiac valve involvement

The MPS I patients were categorised according to whether or not they were recorded as having 
cardiac valve involvement at a particular age. Figure 58 displays the timelines for the patients on 
ERT, showing the age at which they were first recorded as having valve disease. Nineteen of the 
24 patients on ERT were classified as having valve disease across all time points. Kaplan–Meier 
curves were not estimated for patients on ERT or for patients not yet treated because the risk sets 
for these treatment groups had fewer than five patients at all ages.
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FIGURE 57  The age-adjusted association between time since HSCT and weight z-scores in children with MPS I (time 
since HSCT treated as a continuous variable).

5

0

10

15

20

25

Age (years)

P
at

ie
nt

0 10 20 30 40

Valve disease
Not on treatment
ERT

*

*

*

*
*

*

*
*

*
*

*
*
*

*
*

*
*

*

*
*

FIGURE 58  Age at first recording of valve disease among patients with MPS I who received ERT.
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Figure 59 shows a Kaplan–Meier survival curve (and 95% CI) illustrating the probability of 
developing valve disease by age for HSCT patients only. The curve suggests approximately 80% 
of MPS I patients who have had a HSCT develop some form of valve disease by the time they 
are 9 years old. It is important to interpret these data in the light of the wide CIs around the 
survival curve.

Carpal tunnel syndrome

Carpal tunnel syndrome was categorised in MPS I patients as absent or present. Figure 60 
displays the timelines for patients on ERT, showing the age at which they were first reported as 
having CTS. Five of the 24 patients on ERT were classified as having CTS across all time points. 
Kaplan–Meier curves were not estimated for patients on ERT or for patients not yet treated 
because the risk sets for these treatment groups had fewer than five patients at all ages.

Figure 61 shows a Kaplan–Meier survival curve (and 95% CI) illustrating the probability of 
developing CTS by age for HSCT patients only. The model suggests that approximately 50% of 
MPS I patients who have received a HSCT develop CTS by the time they are 9 years old. Again, it 
is important to interpret these data in the light of the wide CIs around the survival curve.
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FIGURE 59  Risk of having valve disease by age in people with MPS I who have received a HSCT (Kaplan–Meier curve). 
The Kaplan–Meier curve was truncated at 10 years of age owing to fewer than five patients being at risk of developing 
valve disease.
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Developmental quotient score (children)

The DQ is a numerical expression of a child’s developmental level. Seventy-two DQ score 
measurements were available for 19 children (3 on ERT, 16 HSCT recipients). These 
scores ranged from 57 to 108, where a score of 100 indicates the child is exactly on target 
developmentally for their age (Table 91).
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FIGURE 60  Age at first recording of CTS among patients with MPS I who received ERT.

FIGURE 61  Risk of having CTS by age and treatment status for people with MPS I. The Kaplan–Meier curve was 
truncated at 11 years of age because fewer than five HSCT patients were at risk of developing CTS.
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Developmental quotient score was not significantly associated with age (p = 0.15) within this 
group of patients.

There was no significant association between DQ score and time on ERT (p = 0.38) or time since 
HSCT (p = 0.54). It is important to interpret these findings in the light of selection of patients 
for these two treatment modalities. Children selected for HSCT are those at risk of neurological 
involvement in whom a decline in DQ might be anticipated although we cannot draw such a 
conclusion from the data we have available.

No evidence was found for a non-linear association between DQ and time since HSCT (edf = 1.0; 
p = 0.72) (Figure 62). Owing to the lack of DQ score data for patients on ERT (n = 3), no further 
analyses were conducted.

TABLE 91  The association between time on ERT or time since HSCT and DQ score in children with MPS I (linear 
mixed-effects model) 

NData Estimate of change in DQ Standard error 95% CI p-value

Gender

	 Male 39 0.00

	 Female 33 –0.88 5.85 –12.3 to 10.58 0.88

Current age

	 Linear effect/year –1.94 1.32 –4.52 to 0.64 0.15

Time on ERT

	 Linear effect/year 2.40 2.71 –2.91 to 7.71 0.38

Time since HSCT

	 Linear effect/year 0.78 1.29 –1.74 to 3.31 0.54

Variance components

	 Individual 176.49

	 Centre 78.96

	 Residual 97.04
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FIGURE 62  The age-adjusted association between time since HSCT and DQ score in children with MPS I (time since 
HSCT treated as a continuous variable).
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Cervical cord compression

Six MPS I patients had documented cervical cord compression and a further six patients had 
received surgery for cervical cord compression. Figure 63 shows a Kaplan–Meier survival curve 
illustrating the probability of having cervical cord compression by age, for patients following a 
HSCT or on ERT.

The model suggests that until the age of 15 years, both patient groups are at low risk of having 
cervical cord compression. Cases of cervical compression were observed in both treatment 
groups during early adulthood. There was no significant difference in risk between the groups 
(HR for ERT relative to HSCT = 3.7, 95% CI 0.33 to 41.1; p = 0.27). This comparison needs to be 
interpreted with caution owing to differences in underlying phenotype between groups.

Palpable splenic enlargement

The presence or absence of an enlarged spleen was recorded for 36 patients. Of these, 16 patients 
were reported as having an enlarged spleen on palpation. Figure 64 shows a Kaplan–Meier 
survival curve illustrating the probability of not having an enlarged spleen by age, for patients 
following a HSCT or on ERT.

Although the curves appear to suggest that HSCT recipients are at increased risk of having an 
enlarged spleen at an earlier age than those receiving ERT (which would be compatible with the 
different underlying phenotypes), these differences are not statistically significant (HR for ERT 
relative to HSCT = 2.48; 95% CI 0.20 to 29.9; p = 0.47).
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FIGURE 63  Risk of cervical cord compression by age and treatment status for adults < 30 years old with MPS I 
(Kaplan–Meier curve). The number of patients who are > 30 years of age and are at risk of cervical cord compression is 
fewer than five.
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FIGURE 64  Risk of having an enlarged spleen by age and treatment status for people with MPS I (Kaplan–Meier curve).

FIGURE 65  Age at first recording of liver enlargement among patients with MPS I who received ERT.

Palpable liver enlargement

The presence or absence of an enlarged liver was reported for 31 patients. Of these, 24 patients 
were reported as having an enlarged liver on palpation. Figure 65 shows timelines for MPS I 
patients, illustrating the age at which they were first reported as having an enlarged liver.

Figure 66 shows a Kaplan–Meier survival curve (and 95% CI) illustrating the probability of 
having an enlarged liver by age for HSCT patients only. The analysis is restricted to HSCT 
patients because the risk sets for untreated and ERT patients had fewer than five patients at 
all ages. The model suggests that by the age of 10 years, HSCT patients have a 30% chance of 
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FIGURE 66  Risk of having an enlarged liver by age for people with MPS I who have received a HSCT 
(Kaplan–Meier curve).

TABLE 92  SF-36 items scores for adults with MPS I

Time PCS MCS

Overall

Mean (SD) 33.15 (10.9) 56.25 (9.8)

n 33 33

ERT patients

Mean (SD) 34.99 (9.74) 56.62 (9.25)

n 19 19

HSCT patients

Mean (SD) 29.05 (8.42) 55.13 (12.7)

n 14 14

SD, standard deviation. 

having an enlarged liver. It is important to interpret these data in light of the wide CIs around the 
survival curve.

Quality-of-life assessments

SF-36
Thirty-three SF-36 questionnaires were collected from adult MPS I patients. Table 92 shows a 
descriptive summary of the PCS and MCS by type of treatment.
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As can be seen in Table 93, the PCS was not significantly associated with age (p = 0.58), time on 
ERT (p = 0.68) or time since HSCT (p = 0.95).

There was no evidence for a non-linear association between the PCS and time on ERT (edf = 1.90; 
p = 0.35) (Figure 67).

There were insufficient data to explore the shape of the relationship between PCS and time 
since HSCT.

TABLE 93  The association between time on ERT or time since HSCT and SF-36 PCS in adults with MPS I (linear 
fixed-effects model) 

NData

Estimate of 
increment in PCS Standard error 95% CI p-value

Gender

	 Male 12 0.00

	 Female 21 –10.80 7.44 –25.4 to 3.78 0.16

Current age

	 Linear effect/year –0.27 0.48 –1.21 to 0.67 0.58

Time on ERT

	 Linear effect/year 0.32 0.78 –1.21 to 1.85 0.68

Time since HSCT

	 Linear effect/year 0.01 0.17 –0.32 to 0.34 0.95

Variance components

	 Individual 63.9

	 Centre 39.4

	 Residual 14.8
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FIGURE 67  The age-adjusted association between time on ERT and SF-36 PCS in adults with MPS I (time on ERT 
treated as a continuous variable).
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It is important to note that because the SF-36 data were not available retrospectively, this 
analysis essentially compares patients with different durations of time on treatment rather than 
comparing those not on treatment with those on treatment (either HSCT or ERT).

As it can be seen in Table 94, the MCS was not significantly associated with age (p = 0.61), time on 
ERT (p = 0.14) or time since HSCT (p = 0.36).

Figure 68 suggests that there was no evidence for a non-linear association between MCS and 
time on ERT (edf = 1.91; p = 0.19). There were insufficient data points to explore the shape of the 
relationship between MCS and time since HSCT.

TABLE 94  The association between time on ERT or time since HSCT and SF-36 MCS in adults with MPS I (linear 
fixed-effects model)

NData

Estimate of 
increment in MCS Standard error 95% CI p-value

Gender

	 Male 12 0.00

	 Female 21 –7.75 6.90 –21.3 to 5.77 0.27

Current age

	 Linear effect/year –0.23 0.46 –1.13 to 0.67 0.61

Time on ERT

	 Linear effect/year –1.54 0.99 –3.48 to 0.40 0.14

Time since HSCT

	 Linear effect/year –0.29 0.32 –0.92 to 0.34 0.36

Variance components

	 Individual 0.0

	 Centre 0.0

	 Residual 114.9
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FIGURE 68  The age-adjusted association between time on ERT and SF-36 MCS in adults with MPS I (time on ERT 
treated as a continuous variable).
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EQ-5D
In addition to the SF-36, participants aged > 13 years were invited to complete the EQ-5D. 
Forty-three EQ-5D questionnaires were completed across all prospective time points. Data are 
presented in Table 95 for EQ-5D score (ranging from –0.43 to 1.0, with 1.0 being ‘perfect health’).

A longitudinal model was fitted to assess the linear relationship between EQ-5D and time on 
ERT, and times since HSCT after adjusting for age.

The linear model showed no significant association between EQ-5D and age (p = 0.93), time on 
ERT (p = 0.38) or time since HSCT (p = 0.61).

No evidence was found for a non-linear association between the EQ-5D score and time on ERT 
(edf = 1.0; p = 0.38) (Figure 69) or time since HSCT (edf = 1.58; p = 0.51) (Figure 70), although it is 
important to note that the data are sparse.

Equivalent modelling analyses were also conducted using SF-6D (SF-36-derived) utility weights, 
but no statistically significant associations (at α = 0.05 level) were found with time on ERT. The 
tabulated results of the SF-6D longitudinal modelling analyses are available on request from the 
study authors.

TABLE 95  The association between time on ERT or time since HSCT and the EQ-5D in people with MPS I (linear 
mixed-effects model) 

NData

Estimate of increment 
in EQ-5D Standard error 95% CI p-value

Gender

	 Male 16 0.00

	 Female 27 –0.05 0.11 –0.26 to 0.16 0.63

Current age

	 Linear effect/year –0.0008 0.008 –0.02 to 0.01 0.93

Time on ERT

	 Linear effect/year –0.02 0.024 –0.07 to 0.03 0.38

Time since HSCT

	 Linear effect/year –0.004 0.008 –0.02 to 0.01 0.61

Variance components

	 Individual 0.004

	 Centre 0.014

	 Residual 0.064
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FIGURE 70  The age-adjusted association between time since HSCT and EQ-5D score in adults with MPS I (time since 
HSCT treated as a continuous variable).
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FIGURE 69  The age-adjusted association between time on ERT and EQ-5D score in adults with MPS I (time on ERT 
treated as a continuous variable).
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EQ-5D visual analogue scale
In addition to scoring on the five domains of the EQ-5D, participants were asked to rate their 
health on a VAS. The EQ-5D VAS asks people to rate their health state on a 10-cm line from 100, 
‘best imaginable health state’, to 0, ‘worst imaginable health state’. The 43 VAS scores completed 
for this study ranged from 9 to 100. A longitudinal model was fitted to assess the linear 
relationship between the visual analogue score and time on ERT after adjusting for age.

The linear model shown in Table 96 shows no significant association in EQ-5D VAS with age 
(p = 0.87), time on ERT (p = 0.46) or time since HSCT (p = 0.41)

No evidence was found for a non-linear association with EQ-5D VAS and time on ERT 
(edf = 1.84; p = 0.24) (Figure 71) or time since HSCT (edf = 1.59; p = 0.68) (Figure 72).

TABLE 96  The association between time on ERT or time since HSCT and EQ-5D VAS in adults with MPS I (linear 
mixed-effects model)

NData

Estimate of increment 
in EQ-5D VAS Standard error 95% CI p-value

Gender

	 Male 17 0.00

	 Female 26 –3.64 9.87 –22.9 to 15.7 0.71

Current age

	 Linear effect/year 	 0.14 0.82 –1.47 to 1.74 0.87

Time on ERT

	 Linear effect/year –1.49 1.97 –5.35 to 2.37 0.46

Time since HSCT

	 Linear effect/year 0.63 0.75 –0.84 to 2.1 0.41

Variance components

	 Individual 84.3

	 Centre 227.3

	 Residual 397.1
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FIGURE 71  The age-adjusted association between time on ERT and EQ-5D VAS in adults with MPS I (time on ERT 
treated as a continuous variable).
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FIGURE 72  The age-adjusted association between time since HSCT and EQ-5D VAS in adults with MPS I (time since 
HSCT treated as a continuous variable).
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PedsQL
Fifty-six PedsQL questionnaires were completed by children or their carers. Table 97 shows a 
descriptive summary of the total score and the component summary scores by type of treatment. 
The scale ranges from 0 to 100 where higher scores indicate better HRQoL.

Table 98 shows a descriptive summary of the PedsQL data, with time on ERT or since HSCT, after 
adjusting for age.

Although there is some suggestion of an improvement in PedsQL score with time on ERT, 
statistically significant effects are only seen in the social functioning subscale (mean increment/
year = 9.65, 95% CI 2.23 to 17.1; p = 0.01) and not for the overall score.

Similarly, total PedsQL score and all subscales improved with time since HSCT, but the 
associations were statistically significant only for the social functioning and psychosocial health 
summary scales (p < 0.001 and p = 0.02, respectively) and not for the overall score.

TABLE 97  PedsQL Inventory scores in children with MPS I

Physical 
functioning

Emotional 
functioning

Social 
functioning 

School 
functioning

Psychosocial health 
summary score

Physical health 
summary score Total score

Overall

Mean (SD) 44.04 (21.8) 54.56 (21.0) 55.23 (18.6) 45.86 (16.1) 50.49 (14.4) 44.04 (21.8) 45.2 (14.6)

n 55 56 56 35 34 55 32

ERT patients

Mean (SD) 45.95 (29.0) 54.57 (20.4) 44.53 (30.9) 52.2 (13.3) 49.69 (20.8) 45.95 (29.0) 43.9 (24.4)

n 5 6 6 5 5 5 4

HSCT patients

Mean (SD) 43.99 (21.7) 54.61 (21.6) 56.46 (16.8) 45.25 (16.4) 50.69 (13.9) 43.99 (21.7) 45.3 (13.8)

n 48 48 48 28 27 48 26

SD, standard deviation. 
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TABLE 98  The association between time on ERT or time since HSCT and PedsQL scores in children with MPS I

Physical 
functioning

Emotional 
functioning

Social 
functioning 

School 
functioning

Psychosocial 
health 
summary score

Physical health 
summary 
score Total score

Gender

Male 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Female –4.42 2.43 5.33 –1.99 –0.52 –4.42 3.89

95% CI –21.5 to 12.6 –13.7 to 18.6 –7.38 to 18.0 –19.4 to 15.4 –17.7 to 17.7 –21.5 to 12.6 –17.6 to 25.4

p-value 0.61 0.77 0.42 0.83 0.95 0.61 0.73

Current age

Mean 
increment/
year

–3.60 –1.02 –4.28 1.26 –1.14 –3.60 –0.83

95% CI –7.22 to 0.03 –4.25 to 2.21 –6.67 to –1.88 –1.31 to 3.84 –3.56 to 1.28 –7.22 to 0.03 –4.18 to 2.54

p-value 0.06 0.54 0.001 0.34 0.37 0.06 0.64

Time on ERT

Mean 
increment/
year

11.7 3.84 9.65 2.73 7.18 11.7 6.75

95% CI –0.63 to 24.1 –5.89 to 13.6 2.23 to 17.1 –5.0 to 10.5 0.03 to 14.3 –0.63 to 24.1 –4.28 to 17.8

p-value 0.07 0.44 0.01 0.49 0.06 0.07 0.24

Time since HSCT

Mean 
increment/
year

1.85 0.82 4.69 0.86 2.76 1.85 2.52

95% CI –1.88 to 5.57 –2.59 to 4.22 2.14 to 7.25 –1.59 to 3.32 0.48 to 5.05 –1.88 to 5.57 –0.18 to 5.23

p-value 0.34 0.64 <0.001 0.49 0.02 0.34 0.08

Variance components

Individual 333.1 284.9 173.5 0.00 81.6 333.1 124.1

Centre 25.5 43.8 0.00 0.00 0.00 25.5 0.00

Residual 143.2 190.6 122.2 250.68 125.5 143.2 111.1

Fatigue Severity Scale

Thirteen FSS questionnaires were completed by 10 patients prospectively. The scores ranged from 
1.44 to 6.44. There were not enough data to carry out further analysis.

Carer Strain Index

Fifty-nine CSI questionnaires were completed across all prospective time points. Data for the CSI 
total score ranged from 1 to 24; the maximum possible score of 26 signifies the greatest degree 
of caregiver burden. A longitudinal model was fitted to assess the linear relationship between the 
CSI and time on ERT, after adjusting for age (Table 99).

The linear model shows no significant association in score on the CSI with age of person they are 
caring for (p = 0.78), with time on ERT (p = 0.29) or time since HSCT (p = 0.67).
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No evidence was found for a non-linear association between the CSI score and time since HSCT 
(edf = 1; p = 0.69) (Figure 73).

TABLE 99  The association between time on ERT or time since HSCT and CSI for carers of people with MPS I (linear 
mixed-effects model)

NData

Estimate of 
increment in CSI Standard error 95% CI p-value

Gender

	 Male 39 0.00

	 Female 20 1.28 2.09 –2.82 to 5.37 0.54

Current age

	 Linear effect/year –0.07 0.24 –0.54 to 0.40 0.78

Time on ERT

	 Linear effect/year –1.37 1.29 –3.89 to 1.16 0.29

Time since HSCT

	 Linear effect/year 0.12 0.27 –0.41 to 0.65 0.67

Variance components

	 Individual 21.5

	 Centre 0.0

	 Residual 14.8
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FIGURE 73  The age-adjusted association between time since HSCT and CSI for carers of people with MPS I (time 
since HSCT treated as a continuous variable).
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Safety and complications

Of the 68 participants with MPS I in this study, one patient was reported as experiencing 
anaphylactic reactions, seven patients required pre-medication and 10 patients were reported 
as having a positive antibody status to infused products. No MPS I patients were reported to 
experience any febrile reactions.

One patient stopped ERT during the period of data collection although no reason for stopping 
treatment was cited. This patient had required pre-medication.

During the period of data collection, no MPS I patients participating in the study died from 
disease-related complications.

Cost of enzyme replacement therapy in people with MPS I

Table 100 shows the current purchase cost to the NHS of the ERT laronidase.

Table 101 shows the NSCT-estimated annual NHS per patient cost of providing laronidase. Note 
that these costs include both the drug costs and home-care costs where the NSCT fund them.

Cost of care for adults with MPS I

Total care cost – financial burden of MPS I
Table 102 shows the estimated annual cost to the NHS and publicly funded social-care services of 
caring for an adult with MPS I. Of the estimated mean per patient annual cost of £8500, just two-
fifths is as a result of NHS hospital services used; of this over two-thirds (£2300 per patient per 
year) is from inpatient stays and only one-quarter (£880) is from outpatient visits (see Table 103). 
Of the £5100 per patient per year from using services outside hospital, < £90 per patient is as a 
result of GP or GP nurse appointments and > £3400 is as a result of regular visits from ‘health 
visitors or other nurses’, or home help/home-care workers (and some of these will be for regular 
ERT infusions) (see Table 104).

TABLE 100  Unit cost of ERT for MPS I

Drug full name
Proprietary name 
and unit

2011 base price per 
unit (£)

Laronidase Aldurazyme®, 500 IU 444.70

Source: data kindly supplied by the NSCT, in December 2011.

TABLE 101  Annual NHS cost per patient for ERT for MPS I (2011)

Drug Adults Infants Children

Laronidase 1 unit £258,201 £27,844 £139,563

Source: data kindly supplied by the NSCT, in January 2012. The data are the full year average costs for those patients taking laronidase at the 
end of December 2011.
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TABLE 102  Estimated annual care costs of adult patients with MPS I (data as at study entry)

Type of service

No. with valid 
resource use 
data

Per cent of 
all at study 
entry

No. (%) who 
used this type 
of service

Mean 
cost (£)

Standard 
deviation

Median 
cost (£)

Interquartile 
range (£)

Hospital services 16 76 13 (81) 3400 5209 1700 500–9200

Services outside hospital 16 76 13 (81) 5100 6346 210 27–15,600

Total health (NHS) and social-
care cost

16 76 14 (88) 8500 9860 2000 1100–9200

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).

TABLE 103  Breakdown of the cost of NHS hospital services (adults with MPS I)

Type of hospital care
No. who used this 
type of service Mean cost (£)

Standard 
deviation Mediana cost (£)

Interquartile 
rangea (£)

Inpatient stays 5 (31) 2300 4803 8500 1300–16,400

Outpatient visits 13 (81) 880 876 790 400–1700

Day cases 1 (6) 170 668 2700 N/A

Accident and emergency visits 4 (25) 26 46 100 100–100

Total hospital (NHS) care cost 13 (81) 3400 5209 1700 500–9200

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).

Cost breakdown by hospital- and community-based services
Tables 103 and 104 show the cost breakdown of the hospital and community (non-hospital) 
services and professionals used by adults with MPS I. Although only five patients (or just under 
one-third of those adults who provided valid service-use data) had hospital stays as inpatients, 
these hospital stays accounted for over two-thirds of the NHS hospital costs in MPS I adults. In 
contrast, 13 (four-fifths) of patients reported having at least one hospital outpatient attendance 
during the 12 months prior to entering the study.

The majority of costs related to using community-based services were due to the relatively small 
minority of adults with MPS I who used home help/home-care workers (two patients, 13%) 
or who used health visitors or other nurses regularly (three patients, 19%). They accounted for 
£3400 of the £5100 yearly per patient cost of services used outside hospital. Although 11 of the 
16 adults with MPS I had seen their GP at least once during the past year, and six reported seeing 
a practice nurse at their GP surgery, these accounted for < £90 of the £8500 annual cost of NHS 
and publicly funded social-care services consumed. Other support providers used by smaller 
numbers of adults with MPS I were occupational therapists and social workers (see Table 104).

All of the resource use and cost findings relating to adults with MPS I should be treated with 
considerable caution because of the small number of patients for whom we have data.
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Cost of care for children with MPS I

Total care cost – financial burden of MPS I
Table 105 shows the estimated annual cost to the NHS and publicly funded social-care services 
of caring for a child with MPS I from the 39 patients for whom we had cost data at baseline 
(23 males, mean age 7 years, range 6 months to 15.7 years). Of the estimated mean per patient 
annual cost of £18,600, almost all is as a result of NHS hospital services used and £16,000 of this 
is from inpatient stays (see Table 106). Of the £1300 per patient per year from using services 
outside hospital, £171 is for GP or GP nurse appointments, £550 is for regular visits from ‘health 
visitors or other nurses’ for 12 children and £260 is for care attendants (for three children) 
(see Table 107).

TABLE 105  Estimated annual care costs of child patients with MPS I (data as at study entry)

Type of service

No. with valid 
resource use 
data

Per cent of 
all at study 
entry

No. (%) who used 
this type of service

Mean 
cost (£)

Standard 
deviation

Mediana 
cost (£)

Interquartile 
rangea (£)

Hospital services 39 83 33 (85) 17,300 34,488 4400 1900–23,500

Services outside hospital 39 83 39 (100) 1300 2679 450 150–910

Total health (NHS) and 
social-care cost

39 83 39 (100) 18,600 34,437 5300 2200–14,100

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).

TABLE 104  Breakdown of the cost of NHS and social-care services outside hospital (adults with MPS I)

Service provider
No. (%) who used 
this provider Mean cost (£)

Standard 
deviation

Mediana cost 
(£)

Interquartile 
rangea (£)

GP visits (including home visits) 11 (69) 86 160 65 27–160

GP nurse appointments 6 (38) 4 7 5 5–8

District nurses 0 0 0 0 0–0

Community mental health nurse 0 0 0 0 0–0

Other nurse or health visitor 3 (19) 1300 3952 4600 44–15,400

Counsellor 0 0 0 0 0–0

Other therapist 1 (6) 960 3861 15,400 N/A

‘Alternative’ medicine or therapy 0 0 0 0 0–0

Psychologist 0 0 0 0 0–0

Psychiatrist 0 0 0 0 0–0

Other community-based doctor 0 0 0 0 0–0

Occupational therapist 1 (6) 4 14 57 N/A

Social worker 5 (31) 51 92 160 79–290

Home help 2 (13) 2100 8449 N/A 75–33,800

Care attendant 1 (6) 570 2281 9100 N/A

Community support worker 0 0 0 0 0–0

Housing worker 0 0 0 0 0–0

All non-hospital NHS and social-care providers 13 (81) 5100 6346 210 27–15,600

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).
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Cost breakdown by hospital- and community-based services
Tables 106 and 107 show the cost breakdown of the hospital and community (non-hospital) 
services and professionals used by children with MPS I. Nearly three-quarters (28) of those 
children who provided valid service-use data had inpatient hospital stays, and these accounted 
for over two-thirds of the NHS hospital costs in MPS I children. This included two children who 
had inpatient stays of 150 days for BMTs (> £140,000 each) and three other children who had 
received between £44,000 and £56,000 worth of inpatient hospital treatment during the year 
(again mainly for BMTs, but also for a spinal operation and fitting a ventricular-peritoneal shunt).

In contrast, just under one-third of children were reported as having at least one hospital 
outpatient attendance (13 children) or day case admission (12 children) during the 12 months 
prior to entering the study. These were for a wide range of check-ups and multiple consultant 

TABLE 106  Breakdown of the cost of NHS hospital services (children with MPS I)

Type of hospital care
No. who used this 
type of service Mean cost (£)

Standard 
deviation Mediana cost (£)

Interquartile 
rangea (£)

Inpatient stays 28 (72) 16,000 34,436 5500 1900–29,100

Outpatient visits 13 (33) 500 1009 1100 690–2100

Day cases 12 (31) 700 2209 1300 670–2100

Accident and emergency 
visits

5 (13) 16 44 100 100–210

Total hospital (NHS) care cost 33 (85) 17,300 34,488 4400 1900–23,500

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).

TABLE 107  Breakdown of the cost of NHS and social-care services outside hospital (children with MPS I)

Service provider
No. (%) who used 
this provider Mean cost (£)

Standard 
deviation Mediana cost (£)

Interquartile 
rangea (£)

GP visits (including home visits) 39 (100) 160 90 130 110–200

GP nurse appointments 10 (16) 11 34 16 6–63

District nurses 3 (8) 13 57 160 32–320

Community mental health nurse 2 (5) 2 7 24 24–36

Other nurse or health visitor 12 (31) 550 2300 180 88–2300

Counsellor 0 0 0 0 0–0

Other therapist 15 (39) 80 238 74 37–130

‘Alternative’ medicine or therapy 0 0 0 0 0–0

Psychologist 5 (13) 15 48 81 41–240

Psychiatrist 0 0 0 0 0–0

Other community-based doctor 6 (15) 24 65 140 110–200

Occupational therapist 14 (36) 32 73 76 20–110

Social worker 10 (26) 130 409 150 74–440

Home help 1 (3) 0.15 0.93 6 6–6

Care attendant 3 (8) 260 1460 900 6–9100

Community support worker 1 (3) 0.85 5.3 33 33–33

Housing worker 0 0 0 0 0 – 0

All non-hospital NHS and social-care 
providers

39 (100) 1300 2679 450 150–910

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).
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appointments for cardiac, orthopaedic, audiology, ear, nose and throat (ENT), ophthalmic and 
dental reasons. Overall, the mean per patient cost of these two types of hospital services was £500 
and £700, respectively.

The majority of costs related to using community-based services were as a result of those 
children with MPS I who used home help/home-care workers (three patients, 8%) or who used 
health visitors or other nurses regularly (12 patients, 31%). They accounted for £260 and £550 
of the yearly per patient cost of services used outside of hospital. A significant proportion of the 
children also saw social workers (10 children), occupational therapists (14 children) or ‘other 
therapists’ (15 children, mainly physiotherapists). Although all of the 39 children with MPS I 
had seen their GP at least once during the past year, and 10 reported seeing a practice nurse at 
their GP surgery, these accounted for only £160 and £11 of the estimated annual cost of NHS 
and social-care services consumed. Other care professionals used by smaller numbers of children 
with MPS I were psychologists and ‘other community-based doctors’ (typically paediatricians) 
(Table 107).

The resource use and cost findings relating to children with MPS I should be treated with 
considerable caution because of the relatively small number of patients for whom we have data.

Association of time on enzyme replacement surgery and the costs of caring 
for patients with MPS I

From the longitudinal regression modelling of costs, in child patients with MPS I there was no 
statistically significant association between time on ERT and either total NHS and social-care 
costs, hospital-care costs or non-hospital-care costs. In adult patients with MPS I, although there 
was a statistically significant association between time on ERT and total NHS and social-care 
costs (21% higher costs, 95% CI 1% to 45%; p = 0.04) and with non-hospital costs (38% higher 
costs, 95% CI 6% to 78%; p = 0.01), this was based on only 37 data points from 16 adults (only 10 
adults with data from more than one time point) and is in the opposite direction to what would 
be expected. This result should therefore be interpreted with considerable caution, and may 
be mainly because of two high-cost patients who happen to also have been on ERT for longer. 
Restricting this analysis to only those patients who had not had an HSCT resulted in unreliable 
models, with only five patients with more than one data point. The tabulated results of these 
analyses are available on request from the study authors.

Discussion of MPS I results

There is considerable heterogeneity among people with MPS I and it is important to consider 
the distribution of people with different subtypes in study populations when interpreting results. 
Although three classic subtypes are described it has been more recently suggested that these 
should be seen more as a continuum rather than completely distinct conditions. The most severe 
form, Hurler syndrome, is characterised by the presence of neurological involvement, which is of 
particular relevance as laronidase does not cross the BBB.

Existing estimates of the effectiveness of ERT in MPS I, summarised in Table 6, are based on the 
results of one RCT,162 a before-and-after observational study,161 a dose optimisation study166 and 
two open-label, extension studies.164,262 The strongest evidence is provided by the trial reported 
by Wraith and colleagues,162 a randomised, placebo-controlled trial including 45 patients (one 
with Hurler syndrome, 37 with Hurler–Scheie and seven with Scheie) with a 26-week follow-up. 
The treated group showed statistically significant improvement in FVC and an improvement in 
physical capacity as measured by the 6-minute walk test, although this did not reach conventional 
levels of clinical significance. Secondary outcomes including liver volume, urinary GAG excretion 
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and the apnoea/hyponoea index also showed statistically significant effects favouring the 
intervention group. Only changes in shoulder flexion and a disability score index did not show 
significant effects favouring the intervention group. The other studies all suggest improvements 
across a number of outcomes over time in patients treated with laronidase although these are less 
straightforward to interpret given the lack of an untreated comparator.

In this study, we examined potential associations between treatment and FVC, mobility and 
6-minute walk test, growth, hearing, heart valve disease and CTS. We also examined the 
relationship between treatment and QoL assessed by SF-36, EQ-5D or PedsQL depending on age 
and with DQ in children. These analyses depend on the fact that patients began treatment with 
laronidase at different ages dependent on the time that the drug became available.

It is important to note that, compared with the studies described above, our study population 
has more patients at the more severe end of the MPS I spectrum, with 43 patients having MPS 
IH, 22 patients with MPS IHS and only 3 with MPS IS. Clearly there is considerable potential for 
confounding, particularly by severity with those with more severe disease being diagnosed and 
beginning treatment earlier.

We found no statistically significant relationship between time on ERT and any outcome, with the 
exception of the social functioning subscale of the PedsQL. Similarly, no statistically significant 
association was observed with time since HSCT and any of the outcome measures, apart from 
two subscales of the PedsQL.

As previously described, all analyses in MPS I were hampered by a paucity of data. Not only were 
we able to recruit only a relatively small number of patients, but for many of those recruited data 
were lacking for key outcomes. This occurred despite the outcomes chosen being those that the 
clinical collaborators believed to be the best measures of disease progression and measures which 
they believed would be recorded for the vast majority of patients at each regular clinical contact. 
It is not clear to what extent this reflects the tests not being carried out or being performed but 
not recorded.

The result of this lack of data is that we have relatively low power to detect treatment effects. The 
power is further diminished by the necessity of dealing with the heterogeneity within MPS I 
reflected by the different subtypes. This heterogeneity and the strong association between subtype 
and mode of treatment makes comparison between HSCT and ERT uninterpretable [of the 44 
patients who received a HSCT, 43 had a more severe form of MPS I (i.e. Hurler subtype), whereas 
of the 24 who had received ERT as their initial treatment, none had this phenotype].

Pulmonary function
Although a RCT by Wraith263 reported that FVC improved by 5.6% compared with controls 
(p = 0.009), we found no significant association between FVC and time on ERT in analyses 
adjusted for age, subtype, gender and centre. These analyses suggested an increase in FVC% of 
1.69%/year but with a 95% CI including zero (–0.58% to 3.96%).

Liver and spleen size
A reduction in liver and spleen size was reported in all the previous studies with Wraith and 
colleagues162 reporting that mean liver volume decreased by 18.9% in the laronidase-treated 
group and increased by 1.3% in the placebo group (p = 0.001). Insufficient data were available in 
this study to assess the effects of ERT on liver and spleen volume.

In these data, HSCT recipients were at increased risk of having an enlarged spleen at an earlier 
age than those receiving ERT although this difference did not reach conventional levels of 
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statistical significance. These differences would be compatible with underlying differences in 
phenotypes between treatment groups.

Mobility
Previous studies have suggested that the use of ERT is associated with statistically significant 
improvements in mobility as demonstrated by improvements in the 6-minute walk test. No effect 
was seen in our data but interpretation is severely hampered by the small number of patients for 
whom these results were recorded.

In line with current understanding, our data indicate that approximately 20% of patients who 
have had either a HSCT or are on ERT have restricted mobility by the time they are 15 years old.

Height and weight
Kakkis and colleagues163 reported that the rate of growth in height and weight of six pre-pubertal 
patients in their observational study increased by a mean of 85% and 131%, respectively, at 
52 weeks after starting ERT. In this study, the authors compared the mean slopes of the best-fit 
lines for the 1–2 years before treatment for each patient, with the best-fit lines for the 1 year 
on treatment, as opposed to comparing with expected growth patterns for a child of the same 
age which makes interpretation difficult. In our data, after adjustment, time on ERT was not 
associated with a significant change in children’s weight centile (p = 0.77) or height centile 
(p = 0.16). Similarly, time since HSCT was not associated with a significant change in weight 
centile (p = 0.16) or height centile (p = 0.25).

Hearing
Some degree of hearing loss, which may be made worse by frequent ear infections, is common 
in people with MPS I who have either severe or more attenuated subtypes. Our data suggest 
that approximately 80% of patients who have had a HSCT (i.e. those with more severe subtypes) 
have impaired hearing by the time they are 12 years old. No analysis was conducted in untreated 
patients or patients on ERT owing to small numbers. None of the previous studies have reported 
the effect of ERT on hearing. A single case study has reported that mild hearing loss in a young 
boy with MPS I progressed to severe sensorineural hearing loss in the mild and high frequency 
range after 13 months on ERT.264

Valve involvement
Most people with MPS I, including people those with the milder Scheie subtype, develop 
problems with their heart valves and may need mitral or aortic valve replacement in their teens 
and twenties.265 Previous studies have suggested that while progression of cardiac valve disease 
may be stabilised, it does not seem to be reversed by ERT161,164,266 although the data on which 
these conclusions are based are difficult to interpret.

We were not able to examine the effects of ERT on cardiac valve disease owing to a paucity of 
data. Of those people with MPS I who have had a HSCT, the data suggest that 80% will develop 
some form of valve disease by the time they are 9 years old.

Carpal tunnel syndrome
Carpal tunnel syndrome is a very common complication of the mucopolysaccharidoses, but none 
of the previous studies have examined the effects of ERT on this outcome. Current experience 
suggests that almost all MPS patients have had surgery for CTS by the time they reach adulthood, 
irrespective of treatment (Stephen Waldek, Retired Metabolic Physician, formerly of Salford 
Royal NHS Foundation Trust, 2012, personal communication). In this study, five of the 24 MPS I 
patients on ERT and approximately 50% of patients who received a HSCT had developed CTS by 
the time they were 9 years old.



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Wyatt et al. under the terms of a commissioning contract issued by the Secretary of State for Health. This 
issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that suitable 
acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

207� Health Technology Assessment 2012; Vol. 16: No. 39DOI: 10.3310/hta16390

Development quotient
Neurological involvement is the defining characteristic of the more severe forms of MPS I and 
is associated with the development of cognitive impairment. Because the recombinant enzyme 
is not thought to cross the BBB, this is not likely to be effective in arresting this feature of the 
condition. For those at risk of cognitive impairment, current thinking is that the best option 
is an early HSCT where engrafted donor cells deliver enzyme to the host. Neuropsychological 
responses to HSCT are dependent on the age and intellectual capacity of the child at the time 
of the transplant. If the HSCT is undertaken prior to signs of significant developmental delay 
(usually < 2 years), there is a significant chance of decreasing the degree and rate of cognitive 
decline,267 whereas children showing significant cognitive impairment prior to undergoing HSCT 
do not show correction of existing impairment.268

Among patients included in this study, those recognised to have neurological involvement MPS 
I patients who did not receive a HSCT would not have had neurological disease, and thus DQ in 
this group of patients would be expected to be reasonable. Meanwhile, there will be a few patients 
in the HSCT group who were transplanted too late and thus have some brain disease, and some 
patients in the ERT group who should have been transplanted but were not.

Development quotient score was not significantly associated with age (p = 0.15) within this group 
of patients. There was no significant association between DQ score and time on ERT (p = 0.38) or 
time since HSCT (p = 0.54).

Cervical cord compression
The model suggests that until the age of 15 years, both patient groups are at low risk of having 
cervical cord compression. Cases of cervical compression were observed in both treatment 
groups during early adulthood. There was no significant difference in risk between the groups 
(HR for ERT relative to HSCT = 0.37, 95% CI 0.33 to 41.1; p = 0.27).

Previous studies have not clearly documented an effect of HSCT on the prevention of spinal cord 
compression and spinal cord compression although myelopathy has been reported to develop 
and progress after HSCT.269

Costs associated with MPS I
As with all other conditions investigated in this study, we were keen to capture the wider costs of 
care falling on the public sector in addition to the costs associated with ERT.

Based on patients’ self-reported health- and social-care service use, the annual cost of caring 
for people with MPS I, excluding the purchase cost of ERT, was estimated at £8500 for an adult 
and £18,600 for a child. These costs, however, are dwarfed by the cost of the therapies: the mean 
annual cost of ERT for adults with MPS I is £258,201 and for children with MPS I is £139,563.

From the longitudinal regression modelling of costs, there was no statistically significant 
association (i.e. p-value < 0.05) between time on ERT and either total NHS and social-care costs, 
hospital-care costs, or non-hospital-care costs for patients with MPS I. The tabulated results of 
these analyses are available on request from the study authors.

Owing to these high associated costs and the lack of measureable effect of ERT on either 
clinical outcomes or HRQoL measures, it was infeasible to conduct either a cost-effectiveness 
or cost–utility analysis. As they apply to all six LSDs, the limitations of these cost estimates are 
summarised and discussed in Chapter 9. 
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Chapter 6  

Results – mucopolysaccharidosis type II 
(MPS II) 

Patient characteristics

At the start of the study, 58 patients were identified by the treating centres as having MPS II. Of 
these, 51 patients were deemed eligible for inclusion and 43 patients (84% of those eligible for 
inclusion) were invited to participate. Thirty-nine patients (91% of those approached) agreed 
to participate. All consenting patients were male.1 Patient characteristics are given in Tables 108 
and 109.

At recruitment, 36 of the participants were children (aged ≤ 16 years) and three were adults. The 
average age of children at recruitment was 9.62 (range 2.3–15.6) years and that of adults was 
19.5 (range 17.6–21.4 years). The average age at diagnosis of MPS II was 3.3 (range 0–7.8 years). 
It should be noted, however, that the age of this study population is not reflective of the disease 
population as a whole. Of the 14 patients who were either missed in clinic or declined to 
participate, seven were adults at the start of the study and two were teenagers. We have no 
treatment data on these patients, but it is anticipated that these people may possibly have more 
attenuated subtypes and therefore attend clinic less frequently.

We collected data from all consenting patients at the time of recruitment, from 29 patients at 
their 12-month appointment and five patients at their 24-month appointment. We also collected 
retrospective data from 30 patients at up to seven time points.

At recruitment, all but two of the patients (both children) were on ERT (idursulfase) and the 
average time on ERT was 2.31 (range 0.1–5.9) years. Of the 37 patients on ERT, nine patients 
were initially on a clinical trial prior to being prescribed open-label ERT.
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TABLE 108  Patient demography and characteristics at recruitment – adults

Patient characteristic

Gendera

	 Male, n 3

	 Female, n 0

Type of MPS II

	 Attenuated (without neurological involvement), n 0

	 Severe (with neurological involvement), n 3

Age at diagnosis (years)

	 Mean (SD) 3.4 (1.7)

	 Median (min.–max.) 4.1 (1.45–4.7)

Age at recruitment (years)

	 Mean (SD) 19.5 (1.9)

	 Median (min.–max.) 19.6 (17.6–21.4)

Initial treatment

	 Not on ERT, n 0

	 ERT (idursulfase), n 2

	 Clinical trial of ERT,b n 1

Age at starting ERT (years)

	 Mean (SD) 16.8 (1.1)

	 Median (min.–max.) 16.6 (15.9–18.0)

Time on ERT at recruitment (years)

	 Mean (SD) 2.68 (0.90)

	 Median (min.–max.) 3.03 (1.64–3.35)

max., maximum; min., minimum; SD, standard deviation.
a	 As MPS II is an X-linked inherited disease it is very rare to get a 

symptomatic female patient.
b	 Patients were initially part of a RCT of ERT.
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TABLE 109  Patient demography and characteristics at recruitment – children

Patient characteristic

Gendera

	 Male, n 36

	 Female, n 0

Type of MPS II

	 Attenuated (without neurological involvement), n 18

	 Severe (with neurological involvement), n 18

Age at diagnosis (years)

	 Mean (SD) 3.3 (2.0)

	 Median (min.–max.) 3.0 (0–7.8)

Age at recruitment (years)

	 Mean (SD) 9.62 (4.2)

	 Median (min.–max.) 9.76 (2.3–15.6)

Initial treatment

	 Not on ERT, n 2

	 ERT (idursulfase), n 26

	 Clinical trial of ERT,b n 8

Age at starting ERT (years)

	 Mean (SD) 6.47 (3.2)

	 Median (min.–max.) 6.96 (1.1–12.0)

Time on ERT at recruitment (years)

	 Mean (SD) 2.27 (1.47)

	 Median (min.–max.) 1.86 (0.11–5.91)

max., maximum; min., minimum; SD, standard deviation.
a	 As MPS II is an X-linked inherited disease it is very rare to get a 

symptomatic female patient.
b	 Patients were initially part of a RCT of ERT.
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Key markers of disease progression

The following measures were identified as key markers of MPS II disease progression:

■■ FVC
■■ mobility
■■ 6-minute walk test
■■ stature (height and weight)
■■ hearing
■■ heart valve disease
■■ CTS
■■ spleen and liver size.

In addition, adults completed the SF-36, EQ-5D, FSS and the Service Use and Costs 
Questionnaire, while children or their carers completed the age-appropriate PedsQL 
questionnaire. Carers of children or adults were asked to complete the Service Use and Costs 
Questionnaire and the CSI.

Longitudinal models were fitted to assess relationships between continuous measures of function 
and length of time on ERT, after adjustment for age and clustering by centre. In the base models, 
the effect of time on ERT was treated as a linear effect because of the small number of data points. 
Further analysis was conducted to explore the possibility that time spent on ERT would have a 
non-linear effect on function. Patients contributed data points to the model both before and after 
starting ERT.

Kaplan–Meier survival curves were estimated to illustrate differences in the age at first recorded 
occurrence of binary events including restricted mobility, abnormal hearing, valve disease, 
CTS, enlarged liver and enlarged spleen that could be considered progressive. Treatment group 
differences in survival function were tested using Cox regression models. Individual patients 
contributed intervals of time at risk to more than one of the treatment categories (no treatment, 
ERT) as appropriate.

Summary of results

All analyses in MPS II were hampered by a paucity of data related to both the small number of 
affected patients recruited (39 of 58 patients deemed eligible) and lack of recording of data on 
key outcomes for a substantial proportion of these patients. This results in low power to detect 
any effects.

We examined potential associations between treatment and FVC, spleen and liver enlargement, 
mobility and 6-minute walk test, stature (height and weight), hearing, the presence/absence of 
heart valve disease and presence of CTS. We found a statistically significant association between 
duration of ERT and increasing height z-scores. The association between duration of ERT and 
weight z-scores was not statistically significant.
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In addition we examined the relationship between treatment and QoL assessed by SF-36 and 
EQ-5D or PedsQL, depending on age. However, with only three adults in the study, we had 
insufficient completed SF-36 questionnaires to allow further analyses. We found a statistically 
significant relationship between time on ERT and an increase (improvement) in overall 
PedsQL score.

We found no statistically significant relationships between use of ERT and any other outcome.

Per cent of predicted forced vital capacity

Fourteen patients (four attenuated and 10 patients with the more severe form of MPS II) were 
able to complete an upright FVC measurement. Results are reported as a per cent of the predicted 
volume (FVC%). A total of 34 FVC (15 from attenuated MPS II patients) measurements were 
recorded for these patients across all time points and the range of these measurements was 
13–108%. A longitudinal model was fitted to assess the linear relationship between FVC (adjusted 
for age) and time on ERT (Table 110).

As can be seen in Table 110, FVC was not significantly associated with age (p = 0.41) or time on 
ERT (p = 0.91).

No evidence was found for a non-linear association between FVC and time on ERT (edf = 1.11; 
p = 0.86) (Figure 74) although it is important to note that the data are sparse.

TABLE 110  The association between time on ERT and FVC% in people with MPS II (linear mixed-effects model)

Estimate of change in 
FVC% Standard error 95% CI p-value

Current age

Linear effect/year 1.94 2.31 –2.58 to 6.46 0.41

Time on ERT

Linear effect/year –0.28 2.47 –5.12 to 4.56 0.91

Variance components

Individual 203.7

Centre 424.0

Residual 48.8
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Mobility

Patients were categorised as being mobile (i.e. they could walk for five metres and stand for 
6 minutes unaided) or as having restricted mobility (i.e. can walk aided with one or two sticks 
or immobile).

All MPS II patients for whom there are mobility data contribute pre-treatment data points; 
those patients who then start ERT contribute data to the treatment group curve. The tick marks 
correspond to ages at which individual patients drop out of the risk set for the treatment group 
and so are considered censored. For ease of interpretation, the survival curves were truncated 
at ages for which fewer than five patients were in the risk set to avoid large imprecise jumps in 
the curves.

Figure 75 shows Kaplan–Meier curves illustrating the risk of patients having restricted mobility 
by age for treated and untreated patients. The model suggests that by the time they are 10 years 
old, approximately 10–20% of patients have restricted mobility. Overall there was no statistically 
significant difference in the risk of restricted mobility between those on ERT and those not on 
ERT [HR (ERT/not on ERT) = 0.55; 95% CI 0.03 to 8.78; p = 0.67).
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FIGURE 74  The age-adjusted association between time on ERT and FVC% in people with MPS II (time on ERT treated 
as a continuous variable).
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6-minute walk test

Estimates of 6-minute walk tests were collected for 23 patients (10 of these are attenuated MPS 
II patients). A total of 83 estimates (34 from attenuated MPS II) were recorded for these patients 
across all time points and these ranged from 45 to 604 m.

A longitudinal model was fitted to assess the linear relationship between the 6-minute walk test 
and time on ERT, after adjusting for age (Table 111).

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Age (years)

P
ro

b
ab

ili
ty

 o
f u

nr
es

tr
ic

te
d

 m
ob

ili
ty

0 10 15 205

Not on ERT
ERT

FIGURE 75  Risk of having restricted mobility by age and treatment status for people with MPS II (Kaplan–Meier curve).

TABLE 111  The association between time on ERT and distance walked (m) in people with MPS II (linear mixed 
effect model)

Estimate of change in 
distance walked (m) Standard error 95% CI p-value

Current age

	 Linear effect/year 2.07 5.85 –9.39 to 13.5 0.72

Time on ERT

	 Linear effect/year 10.4 8.03 –5.34 to 26.1 0.19

Variance components

	 Individual 9337.5

	 Centre 8492.3

	 Residual 2924.9
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The linear model provided no evidence for an association between the distance walked and 
current age (p = 0.72) or time on ERT (p = 0.19).

Figure 76 suggests no evidence for a non-linear association between distance walked and time on 
ERT (edf = 1.0; p = 0.19)

Height

Heights for 33 children were collected, with 132 height measurements recorded across all 
time points, ranging from 77 to 157 cm. Children’s height measurements were converted to 
standardised z-scores against 1990 UK norms261 and adjusted for age and gender using the Stata 
command ‘zanthro’. This transformation allows one to examine the changes in height relative 
to the expected growth patterns for a child of the same age. The mean z-score was –1.52. This 
implies that these children are, on average, substantially shorter than their peers (Table 112).
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FIGURE 76  The age-adjusted association between time on ERT and distance walked (m) in people with MPS II (time on 
ERT treated as a continuous variable).

TABLE 112  The association between time on ERT and height for age z-scores in children with MPS II (linear 
mixed-effects model)

Estimate of change  
in height Standard error 95% CI p-value

Current age

	 Linear effect/year –0.53 0.05 –0.63 to –0.43 < 0.001

Time on ERT

	 Linear effect/year 0.28 0.07 0.14 to 0.42 < 0.001

Variance components

	 Individual 1.26

	 Centre 0.27

	 Residual 0.34
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The model suggests that children’s height decreases through the centiles with age (p < 0.001), 
although the magnitude of the estimated decline (0.5 standard deviations per year) should be 
viewed with caution and may reflect selection effects in this small cohort.

After adjusting for age, time on ERT was associated with an improvement in height centile 
(p < 0.001), as seen in Table 111. Figure 77 suggests the relationship between the height z-score is 
well approximated by the linear function (edf 1.24; p < 0.001). 

Weight

Weights for 35 children were collected, with 146 weight measurements recorded across all 
time points, ranging from 11 to 58.8 kg. Children’s weight measurements were converted to 
standardised z-scores against 1990 UK norms261 and adjusted for age and gender using the Stata 
command ‘zanthro’. This transformation allows one to examine the changes in weight relative 
to the expected growth patterns for a child of the same age. The mean z-score was 0.13. This 
suggests that mean weight in these children was slightly higher than their peers, unlike height 
which was substantially lower.

Children’s weight decreased through the centiles with age, decreasing by 0.26 standard deviations 
per year (p < 0.001). After adjusting for age, time on ERT was not associated with a significant 
change in weight centile (p = 0.37) (Table 113).
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FIGURE 77  The age-adjusted association between time on ERT and height z-scores for children with MPS II (time on 
ERT treated as a continuous variable).
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No evidence was found for a non-linear association between weight and time on ERT (edf = 1; 
p = 0.37) (Figure 78), although it is important to note that the data are sparse beyond three years 
of ERT.

Hearing

The MPS II patients were classified as having normal or impaired hearing according to standard 
definitions. We have hearing data on 20 MPS II patients recorded across all time points, 18 of 
whom were classified as having impaired hearing.

Figure 79 shows a Kaplan–Meier survival curve illustrating the probability of having abnormal 
hearing by age for patients on ERT. Kaplan–Meier curves were not estimated for untreated 
patients because the risk sets had fewer than five patients at all ages. The graph suggests that 
about 60% of patients had normal hearing at 1 year of age. This rate dropped to about 8% by 
5 years of age. By the age of 10 years, only 2% of patients with MPS II had normal hearing.

TABLE 113  The association between time on ERT and weight for age z-scores in children with MPS II (linear 
mixed-effects model)

Estimate of change in weight Standard error 95% CI p-value

Current age

	 Linear effect/year –0.26 0.03 –0.32 to –0.20 < 0.001

Time on ERT

	 Linear effect/year 0.05 0.05 –0.05 to 0.15 0.37

Variance components

	 Individual 1.34

	 Centre 0.00

	 Residual 0.24
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FIGURE 78  The age-adjusted association between time on ERT and weight z-scores for children with MPS II (time on 
ERT treated as a continuous variable).
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Cardiac valve involvement

Participants were categorised according to whether or not they were recorded as having cardiac 
valve involvement at a particular age. The age at first report of heart valve disease was available 
for 19 patients. Figure 80 shows Kaplan–Meier curves illustrating the likelihood of patients being 
reported as having no valve disease by age for treated and untreated patients.

The risk of first reported valve disease by age did not differ between those on ERT and those not 
on ERT [HR (ERT/not on ERT) = 1.39; 95% CI 0.56 to 3.46; p = 0.48].
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FIGURE 79  Risk of having a hearing impairment by age for people with MPS II (Kaplan–Meier curve).
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FIGURE 80  Risk of having valve disease by age and treatment status for people with MPS II (Kaplan–Meier curve).
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Carpal tunnel syndrome

Carpal tunnel syndrome was categorised in MPS II patients as present or absent. Data were 
collected for 19 patients who have CTS. Figure 81 shows Kaplan–Meier curves illustrating the 
risk of patients having CTS by age for treated and untreated patients. Overall, the HR was not 
significantly different between those on ERT and those not on ERT (HR = 1.44; 95% CI 0.36 to 
5.76; p = 0.60).

Palpable splenic enlargement

The presence or absence of an enlarged spleen was recorded for 20 patients, six of whom were 
reported as having an enlarged spleen on palpation. Figure 82 shows Kaplan–Meier curves 
illustrating the probability of not having a palpably enlarged spleen by age for treated and 
untreated patients.

The model provides no evidence of a difference in the proportion of patients with an enlarged 
spleen associated with the use of ERT (HR for being on ERT relative to not on treatment = 0.62; 
95% CI 0.09 to 3.98; p = 0.61).
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FIGURE 81  Risk of having CTS by age and treatment status for people with MPS II (Kaplan–Meier curve).
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Palpable liver enlargement

The presence or absence of having an enlarged liver was reported for 23 patients, 13 of whom 
were reported as having an enlarged liver on palpation. Figure 83 shows Kaplan–Meier survival 
curves illustrating the probability of not having a palpably enlarged liver by age for treated and 
untreated patients.

The model provides no evidence of a difference in the proportion of patients with an enlarged 
liver associated with the use of ERT (HR for being on ERT relative to not on treatment = 0.27; 
95% CI 0.05 to 1.36; p = 0.11).
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FIGURE 82  Risk of having an enlarged spleen by age and treatment status for people with MPS II (Kaplan–Meier curve).
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FIGURE 83  Risk of having an enlarged liver by age and treatment status for people with MPS II (Kaplan–Meier curve).
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Quality-of-life assessments

SF-36
With only three adults with MPS II in this study, we had insufficient SF-36 data to analyse.

EQ-5D
Participants aged ≥ 13 years were invited to complete the EQ-5D questionnaire. Seventeen 
EQ-5D questionnaires were completed across all prospective time points. Data are presented in 
Table 114 for the EQ-5D index score (range from –0.095 to 1.0) with 1.0 being ‘perfect health’.

A longitudinal model was fitted to assess the linear relationship between EQ-5D and time on ERT 
after adjusting for age.

The linear model showed no significant association in EQ-5D with age (p = 0.47) or time on ERT 
(p = 0.16). No evidence was found for a non-linear association between the EQ-5D score and 
time on ERT (edf = 1.0; p = 0.17) (Figure 84), although it is important to note that these data are 
very sparse.

Equivalent modelling analyses were also conducted using SF-6D (SF-36-derived) utility weights, 
but no statistically significant associations (at α = 0.05 level) were found with time on ERT. The 
tabulated results of the SF-6D longitudinal modelling analyses are available on request from the 
study authors.

TABLE 114  The association between time on ERT and EQ-5D in people with MPS II (linear mixed-effects model)

Estimate of increment 
in EQ-5D Standard error 95% CI p-value

Current age

	 Linear effect/year –0.02 0.025 –0.07 to 0.03 0.47

Time on ERT

	 Linear effect/year 0.11 0.07 –0.03 to 0.25 0.16

Variance components

	 Individual 0.00

	 Centre 0.00

	 Residual 0.085
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FIGURE 84  The age-adjusted association between time on ERT and EQ-5D score in people with MPS II (time on ERT 
treated as a continuous variable).

Visual analogue scale
In addition to scoring on the five domains of the EQ-5D participants were asked to rate their 
health on a VAS. The EQ-5D VAS asks people to rate their health state on a 10-cm line from 0, 
‘worst imaginable health state’, to 100, ‘best imaginable health state’. The 17 VAS scores completed 
for this study ranged from 3 to 100. A longitudinal model was fitted to assess the linear 
relationship between the visual analogue score and time on ERT after adjusting for age.

The linear model shown in Table 115 shows no significant association in EQ-5D with age 
(p = 0.85) or with time on ERT (p = 0.89).

TABLE 115  The association between time on ERT and EQ-5D VAS in people with MPS II (linear mixed-effects model)

Estimate of increment in 
EQ-5D VAS Standard error 95% CI p-value

Current age

	 Linear effect/year –0.48 2.40 –5.18 to 4.22 0.85

Time on ERT

	 Linear effect/year –0.93 7.32 –15.3 to 13.4 0.89

Variance components

	 Individual 0.00

	 Centre 0.00

	 Residual 674
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PedsQL
Twenty-eight MPS II patients, or their parents or carers, completed the age-appropriate PedsQL 
questionnaire on at least one occasion, and 10 further questionnaires were completed at one of 
their annual check-ups.

Table 116 shows a descriptive summary of the PedsQL data, dichotomised by length of time 
(> 3 years or ≤ 3 years) on ERT.

Table 117 shows the age-adjusted effects of duration of treatment on each of the 
PedsQL measures.

TABLE 117  The association between time on ERT and PedsQL scores in children with MPS II 

Physical 
functioning

Emotional 
functioning

Social 
functioning

School 
functioning

Psychosocial health 
summary score Total score

Current age

Mean increment 
(SD)/year

–6.67 (1.86) –2.41 (1.21) –0.69 (2.19) 0.87 (2.02) 1.53 (1.78) 0.01 (1.56)

95% CI –10.3 to –3.03 –4.79 to –0.02 –5.0 to 3.61 –3.09 to 4.85 –1.96 to 5.03 –3.04 to 3.07

p-value < 0.001 0.06 0.75 0.67 0.40 0.99

Time on ERT

Mean increment 
(SD)/year

10.08 (5.08) 6.61 (3.76) 1.78 (5.86) 6.31 (4.58) 4.19 (4.42) 8.94 (3.81)

95% CI 0.13 to 20.0 –0.75 to 13.9 –9.72 to 13.3 –2.67 to 15.3 –4.47 to 12.8 1.47 to 16.4

p-value 0.06 0.09 0.76 0.18 0.35 0.03

Variance components

Individual 294.4 0.00 680.4 292.7 117.9 0.00

Centre 199.6 113.2 0.00 0.00 0.00 0.00

Residual 382.4 340.9 325.4 108.05 197.7 225.5

SD, standard deviation. 

TABLE 116  PedsQL Inventory scores in children with MPS II 

Physical 
functioning

Emotional 
functioning

Social 
functioning

School 
functioning

Psychosocial health 
summary score

Physical health 
summary score Total score

Overall

Mean (SD) 39.9 (31.3) 46.3 (19.4) 53.6 (31.2) 47.8 (23.2) 47.6 (18.2) 39.9 (31.3) 42.1 (17.2)

n 36 36 36 26 26 36 25

≤ 3 years on ERT

Mean (SD) 39.8 (30.9) 45.1 (20.2) 53.3 (30.1) 42.5 (18.8) 44.9 (16.1) 39.8 (30.9) 39.3 (13.1)

n 25 25 25 16 16 25 15

> 3 years on ERT

Mean (SD) 46.02 (45.0) 52.5 (22.4) 78.2 (35.7) 61.2 (22.5) 62.7 (24.4) 46.02 (45.0) 53.6 (27.3)

n 5 5 5 4 4 5 4

SD, standard deviation. 
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The linear model shows no significant association between total PedsQL score with age (p = 0.99). 
Although all the subscales showed some improvement with time on ERT (after adjusting for 
age), the differences did not achieve conventional levels of statistical significance for any of the 
subscales. However, the model does suggest a statistically significant association between time on 
ERT and an improvement in overall QoL score (p = 0.03).

Fatigue Severity Scale
Four FSS questionnaires were completed by two patients prospectively. The scores ranged from 
3.22 to 6.0. There was not enough data to carry out further analysis.

Carer Strain Index
Thirty-seven CSI questionnaires were completed across all prospective time points. Data for the 
CSI total score ranged from 3 to 26; the maximum possible of 26 signifies the greatest degree of 
caregiver burden. A longitudinal model was fitted to assess the linear relationship between the 
CSI and time on ERT, after adjusting for age (Table 118).

The linear model shows no significant association between score on the CSI with age of person 
they are caring for (p = 0.07) or with time on ERT (p = 0.12).

No evidence was found for a non-linear association between the CSI and time on ERT (edf = 1; 
p = 0.12) (Figure 85).

TABLE 118  The association between time on ERT and the CSI for carers of people with MPS II (linear 
mixed-effects model) 

Estimate of increment 
in CSI Standard error 95% CI p-value

Current age

	 Linear effect/year 0.86 0.45 –0.02 to 1.74 0.07

Time on ERT

	 Linear effect/year –1.68 1.07 –3.77 to 0.42 0.12

Variance components

	 Individual 31.8

	 Centre 5.2

	 Residual 7.6



226 Results – mucopolysaccharidosis type II (MPS II) 

Safety and complications

Of the 39 participants with MPS II in this study, 1 patient reported that they had experienced 
anaphylactic reactions, 10 patients required pre-medication and 13 patients had reported 
positive antibody status to infused products. No MPS II patients reported experiencing any 
febrile reactions.

There were no reports of any patients stopping ERT during the period of data collection and no 
patients died from disease-related complications.

Cost of enzyme replacement therapy in people with MPS II

Table 119 shows the current purchase cost to the NHS of the ERT idursulfase.

Table 120 shows the NSCT-estimated annual NHS per patient cost of providing these drugs. Note 
that these costs include both the drug costs and home-care costs where the NSCT fund them.
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FIGURE 85  The age-adjusted association between time on ERT and the CSI for carers of people with MPS II (time on 
ERT treated as a continuous variable).

TABLE 119  Unit cost of ERT for MPS II

Drug full name Proprietary name and unit 2011 base price per unit (£)

Idursulfase Elaprase®, 6 mg 1985.00

Source: data kindly supplied by the NSCT, December 2011.
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TABLE 120  Annual NHS cost per patient for ERT for MPS II (2011)

Drug Adults Children

Idursulfase 6 mg £537,605 £314,004

Source: data kindly supplied by the NSCT, in January 2012. The data are the full year average costs for those patients taking idursulfase at the 
end of December 2011.

Cost of care for adults with MPS II

Total care cost – financial burden of MPS II
Table 121 shows the estimated annual cost to the NHS and publicly funded social-care services 
of caring for an adult with MPS II, although this is only based on seven annual data points from 
four patients. Of the estimated mean per patient annual cost of £11,900, nearly two-thirds is as a 
result of NHS hospital services used, about half (£3800 per patient per year) from inpatient stays 
and about one-third (£2600) from outpatient visits (see Table 122). Of the £4400 per patient per 
year from using services outside hospital, < £100 per patient is as a result of GP visits and the 
remainder is almost entirely as a result of regular visits from either health visitors or other nurses, 
or other therapists for three of the patients (note that many of these will be for regular ERT 
infusions) (see Table 123).

Cost breakdown by hospital- and community-based services
Tables 122 and 123 show the cost breakdown of the hospital and community (non-hospital) 
services and professionals used by adults with MPS II. Only two of the seven patient-years for 
which there were valid service-use data involved hospital stays as inpatients, but this accounted 
for over half of the NHS hospital costs in MPS II adults. In contrast, all but one of the patient-
years involved having at least one hospital outpatient attendance during the previous 12 months.

The vast majority of costs related to using community-based services were because of the two 
or three adults with MPS II who used home helps or who used health visitors or other nurses 
regularly. They accounted for £4300 of the £4400 estimated annual per patient cost of services 
used outside hospital. Although over five of the annual data periods involved the adults with 
MPS II seeing their GP at least once during the year, as well as five seeing a practice nurse at their 
GP surgery, these accounted for < £110 of the £11,900 annual cost of NHS and publicly funded 
social-care services consumed. There was no evidence of using other types of care or support 

TABLE 121  Estimated annual care costs of adult patients with MPS II (all available data points)

Type of service

No. with valid 
resource use 
dataa

Per cent of all 
at study entry

No. who used this 
type of service

Mean 
cost (£)

Standard 
deviation

Medianb 
cost (£)

Interquartile 
rangeb (£)

Hospital services 7a 100 6 7500 8535 1900 470–15,400

Services outside hospital 7a 100 7 4400 7333 170 54–14,900

Total health (NHS) and 
social-care cost

7a 100 7 11,900 11,180 15,500 520–20,400

a	 These data are not baseline data: they are from two patients with data from one visit, one patient with data from two visits and one patient 
with data from three visits.

b	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).
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providers, but this probably mostly reflects the very small sample of patients and responses 
available for analysis (Table 123).

All of the resource use and cost findings relating to adults with MPS II should be treated with 
considerable caution because of the small number of patients for whom we have data.

TABLE 123  Breakdown of the cost of NHS and social-care services outside hospital (adults with MPS II)

Service provider
No. who used 
this provider Mean cost (£)

Standard 
deviation

Median costa 
(£)

Interquartile 
rangea (£)

GP visits (including home visits) 5 92 114 82 27–320

GP nurse appointments 5 12 18 10 5–52

District nurses 0 0 0 0 0–0

Community mental health nurse 0 0 0 0 0–0

Other nurse or health visitor 1 2200 5837 15,400 0–0

Counsellor 0 0 0 0 0–0

Other therapist 2 2100 5610 	 N/A 37–14,900

‘Alternative’ medicine or therapy 0 0 0 0 0–0

Psychologist 0 0 0 0 0–0

Psychiatrist 0 0 0 0 0–0

Other community-based doctor 0 0 0 0 0–0

Occupational therapist 0 0 0 0 0–0

Social worker 0 0 0 0 0–0

Home help 0 0 0 0 0–0

Care attendant 0 0 0 0 0–0

Community support worker 0 0 0 0 0–0

Housing worker 0 0 0 0 0–0

All non-hospital NHS and social-care providers 7 4400 7333 170 54–14,900

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).

TABLE 122  Breakdown of the cost of NHS hospital services (adults with MPS II)

Type of hospital care
No. who used this 
type of service Mean cost (£)

Standard 
deviation Median costa (£)

Interquartile 
rangea (£)

Inpatient stays 2 3800 7488 	 N/A 7000–19,700

Outpatient visits 6 2600 5659 570 470–1200

Day cases 2 1000 2244 	 N/A 1300–6000

Accident and emergency visits 0 0 0 0 0–0

Total hospital (NHS) care cost 6 7500 8535 1900 470–15,400

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).
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Cost of care for children with MPS II

Total care cost – financial burden of MPS II
Table 124 shows the estimated annual cost to the NHS and publicly funded social-care services of 
caring for a child with MPS II, based on the 29 children whose parents/carers provided service-
use data at baseline (all male, mean age 9 years, age range 2–15 years). Of the estimated mean per 
patient annual cost of £7600 nearly two-thirds is as a result of NHS hospital services used, and 
of this almost two-thirds (£2900 per patient per year) is from inpatient stays, whereas over half 
(£1960) is from outpatient visits or day case treatment (see Table 125). Of the £2800 per patient 
per year from using services outside hospital, the majority (£2000) is as a result of regular visits 
from health visitors or other nurses (see Table 126).

Cost breakdown by hospital- and community-based services
Tables 125 and 126 show the cost breakdown of the hospital and community (non-hospital) 
services and care professionals used by children with MPS II. Over one-third (11) of the children 
had hospital stays as inpatients, and this accounted for £2900 of the mean NHS hospital cost in 
MPS II children. The most costly inpatient stays were for gastrostomy operations for two children 
(40- and 15-day hospital stays costing an estimated £37,600 and £14,000, respectively), for ‘back 
problems’ (£9400) and for changing a tracheostomy (£4700). Just over one-third of the children 
with MPS II had hospital outpatient attendances or day case treatment during the year, mainly for 
a range of ENT, audiology, CTS, paediatrician, MRI scans and metabolic reasons. Four children 
had regular hospital-based ERT infusions which contributed to higher mean outpatient costs.

TABLE 124  Estimated annual care costs of child patients with MPS II (data as at study entry)

Type of service

No. with valid 
resource use 
data

Per cent of 
all at study 
entry

No. who used 
this type of 
service

Mean 
cost (£)

Standard 
deviation

Mediana cost 
(£)

Interquartile 
rangea (£)

Hospital services 29 81 23 4800 10,000 2700 1300–4600

Services outside hospital 29 81 29 2800 5310 500 130–1800

Total health (NHS) and 
social-care cost

29 81 29 7600 11,806 3500 1200–5900

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).

TABLE 125  Breakdown of the cost of NHS hospital services (children with MPS II)

Type of hospital care
No. who used this 
type of service Mean cost (£)

Standard 
deviation Mediana cost (£)

Interquartile 
rangea (£)

Inpatient stays 11 2900 7926 1900 1200–11,100

Outpatient visits 12 660 1260 1100 600–1900

Day cases 14 1300 2781 1300 940–3300

Accident and emergency visits 8 50 94 100 100–310

Total hospital (NHS) care cost 23 4800 10,000 2700 1300–4600

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).
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TABLE 126  Breakdown of the cost of NHS and social-care services outside hospital (children with MPS II)

Care provider
No. who used 
this provider Mean cost (£)

Standard 
deviation

Median costa 
(£)

Interquartile 
rangea (£)

GP visits (including home visits) 29 260 466 130 82–240

GP nurse appointments 11 3 5 5 5–10

District nurses 2 2 9 	 N/A 3–48

Community mental health nurse 0 0 0 0 0–0

Other nurse or health visitor 14 2000 5115 59 44–4200

Counsellor 1 6 33 180 N/A

Other therapist 4 38 165 74 39–890

‘Alternative’ medicine or therapy 0 0 0 0 0–0

Psychologist 3 20 67 160 81–320

Psychiatrist 0 0 0 0 0–0

Other community-based doctor 6 95 277 190 160–750

Occupational therapist 13 49 118 51 38–120

Social worker 11 200 653 290 150–290

Home help 1 166 891 4800 N/A

Care attendant 0 0 0 0 0–0

Community support worker 1 0.29 1.5 8 N/A

Housing worker 0 0 0 0 0–0

All non-hospital NHS and social-care providers 29 2800 5310 500 130–1800

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).

The majority of costs related to using community-based services were due to the relatively 
costly 14 children with MPS II who were seen by health visitors or other nurses regularly. They 
accounted for £2000 of the £2800 estimated annual per patient cost of services used outside of 
hospital. All 29 of the children with MPS II saw their GP at least once during the year, as well 
as over one-third (11) of the children seeing a practice nurse at their GP surgery, but together 
these accounted for only £263 of the £2800 annual cost of NHS and publicly funded social-care 
services consumed. Thirteen and four children, respectively, saw occupational therapists or 
physiotherapists during the previous year, and over one-third (11) of the children saw a social 
worker (see Table 123).

All of the resource use and cost findings relating to children with MPS II should be treated with 
considerable caution because of the small number of patients for whom we have data.

Association of time on enzyme replacement therapy and cost of caring for 
patients with MPS II

From the longitudinal regression modelling of costs for people with MPS II, in child patients 
there was no statistically significant association (i.e. p-value < 0.05) between time on ERT and 
total NHS and social-care costs or non-hospital-care costs. However, there was a statistically 
significant association between hospital costs and time on ERT (costs 3.78 times higher, 95% CI 
2.7 to 5.3; p < 0.001), but this was based on only 33 data points from 24 children (only nine with 
data from more than one time point) and is in the opposite direction to what would be expected, 
and so should be interpreted with considerable caution. The tabulated results of these analyses are 
available on request from the study authors.
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Discussion of MPS II results

Mucopolysaccharidosis type II is an X-linked recessive LSD in which there is a deficiency of 
the enzyme iduonate-2-sulfatase, resulting in an accumulation of GAGs. Idursulfase has been 
available and licensed in England since 2007.

Evidence for the effectiveness of ERT in MPS II depends primarily on two randomised trials,167,168 
an open-label, before-and-after study169 and an open-label extension of the trial reported by 
Muenzer and colleagues in 2011.170 The results are summarised in Table 7 in Chapter 1. Muenzer 
and colleagues167 randomised 96 patients with the attenuated form of MPS II to placebo or 
to one of two different dosing regimens of idursulfase and followed for 1 year. Both dosing 
groups were reported to show improvements in a composite outcome measure (including the 
6-minute walk test and FVC) compared with placebo. These improvements were reported to be 
sustained over the 2 years of the extension study.170 The much smaller study from the same group 
(12 patients randomised in equal proportions to placebo and two different dosing schedules of 
idursulfase) also reported significant reductions in GAG excretion and improvements in clinical 
outcomes, including liver and spleen size, 6-minute walk test, mobility at some joints and FVC. 
The small before-and-after study reported by Okuyama and colleagues169 of 10 patients reported 
improvements across a number of clinical outcomes over the course of 12 months.

Patient characteristics
Of the 51 MPS II patients deemed eligible for inclusion, 43 patients were invited to participate 
and 39 patients (36 children and 3 adults) agreed to participate. Of the 14 patients who were 
not approached or declined to participate, seven were adults and two were teenagers when first 
approached. Over half (21/39) of the MPS II patients who participated had the more severe form 
of the disease.

Height
In the first years of life the height of most patients with MPS II is above the 50th percentile; 
however, their rate of growth decreases with age and by the age of 8 years, height is below the 
third percentile.270

Our findings suggest that relative to their peers the height of children with MPS II decreases 
with age. We found a statistically significant association between duration of ERT and increasing 
height z-scores (p < 0.001), suggesting a significant positive effect of treatment on growth. These 
findings reinforce those reported by Schulze-Frenking and colleagues271 who studied 18 children 
with attenuated MPS II, nine of whom had started ERT before 10 years of age and nine who had 
started ERT after 10 years of age. This group reported that ERT increased the rate of growth in 
both groups but the effect was greater in the group who started ERT before 10 years old.

Forced vital capacity
Respiratory disease and upper airway symptoms are characteristic in both forms of MPS II and 
become more severe with age. Previous studies (notably the relatively large trial reported by 
Muenzer and colleagues167) have reported improvements in FVC with treatment with ERT.

We were hampered in this study by the lack of recording of FVC for most included patients. 
Analysis of the 34 recorded measures of FVC from 14 patients suggested no evidence of an 
association between per cent predicted FVC and age or time on ERT. The lack of data inevitably 
means that these analyses are underpowered.
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Mobility
Patients with MPS II can have severe skeletal deformities leading to limited joint mobility. 
Previous studies, notably Muenzer and colleagues,167 have reported substantial improvements in 
the distance that patients are able to walk (6-minute walk tests at 1 year reported improvement 
in the ERT group of 44.3 m compared with 7.3 m in the placebo group; p = 0.0131) when treated 
with ERT compared with placebo. The reports of effects on joint mobility are more mixed with 
differences reported in mobility at the elbow but not in other joints.

We were again hampered in our analyses by a paucity of data recorded for the majority of 
included patients with 83 estimates of distance walked in 6 minutes from 23 patients recorded. 
There was no association between the distance walked and age or time on ERT. Nor did we find 
any difference in the risk of having restricted mobility between those on ERT and those not 
receiving ERT. In interpreting these analyses it is important to note that the group of patients for 
whom we have data on these outcomes includes a disproportionately large number who have the 
more severe form of the condition while the trials were conducted among those with the more 
attenuated form.

Hearing
Hearing loss is common in patients with severe MPS II, with most patients having severe 
combined hearing loss once the disease is fully established.272

Of the 20 participants with MPS II for whom hearing data were recorded, 18 were classified as 
having impaired hearing, with our model suggesting 40% of infants have impaired hearing at 
1 year of age. The likelihood of unimpaired hearing dropped to about 8% by 5 years of age. By 
the age of 10 years, only 2% of patients with MPS II had normal hearing. Insufficient data were 
available to estimate whether or not the use of ERT reduced the likelihood of hearing loss and no 
protective effect has been reported from other studies.

Cardiac valve involvement
Cardiac abnormalities are common in patients with MPS II with the median age at onset of 
valve disease reported in a cohort of 82 patients as 6.2 (range 2.9–13.8) years. In a recent study 
of 24 MPS patients (eight patients with MPS I, six patients with MPS II and 10 patients with 
MPS IV) that looked at the effect of ERT on cardiological aspects of the conditions, the authors 
reported no positive effect of ERT on cardiac valves, concluding that ‘these valves are only slightly 
accessible to ERT’.273 Our data provide no evidence for an effect of ERT on the timing of onset of 
valve disease in the 19 patients for whom these data were recorded.

Carpal tunnel syndrome
Carpal tunnel syndrome is common in MPS II patients. A study of seven MPS II patients (aged 
4–16 years) with musculoskeletal abnormalities reported no effect of ERT and the risk of having 
or developing CTS.274 Similarly, of the 19 patients for whom there are data on the presence or 
absence of CTS in this study, we found no difference in the risk of having CTS between those on 
ERT and those not receiving ERT.

Palpable splenic and liver enlargement
The accumulation of GAGs leads to enlargement of spleen and liver, although this does not 
appear to impair function. Previous studies and clinical experience (Stephen Waldek, Retired 
Metabolic Physician, formerly of Salford Royal NHS Foundation Trust, 2012, personal 
communication) have suggested that use of ERT leads to substantial reductions in liver and 
spleen volume.
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Disappointingly, data on spleen size were available for only 20 patients in this study, with six 
patients reported as having a clinically enlarged spleen. Data on liver size were available for 
23 patients, 13 of whom were reported as having palpably enlarged livers. We did not find a 
statistically significant association with use of ERT for either spleen or liver enlargement. The 
paucity of data makes these results difficult to interpret.

Costs associated with MPS II
As with all other conditions investigated in this study, we were keen to capture the wider costs of 
care falling on the public sector in addition to the costs associated with ERT.

Based on patients’ self-reported health- and social-care service use, the annual cost of caring for 
people with MPS II, excluding the purchase cost of ERT, was estimated at £11,900 for an adult 
and £7600 for a child. These costs, however, are dwarfed by the cost of the therapies; the mean 
annual cost of ERT for adults with MPS II is £537,605 and for children with MPS II is £314,004.

From the longitudinal regression modelling of costs, there was no statistically significant 
association (i.e. p-value < 0.05) between time on ERT and either total NHS and social-care costs, 
hospital-care costs, or non-hospital-care costs for patients with MPS II. The tabulated results of 
these analyses are available on request from the study authors.

Owing to these high associated costs, and the lack of measureable effect of ERT on either 
clinical outcomes or HRQoL measures, it was infeasible to conduct either a cost-effectiveness 
or cost–utility analysis. As they apply to all six LSDs, the limitations of these cost estimates are 
summarised and discussed in Chapter 9. 
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Chapter 7  

Results – Pompe disease

Patient characteristics

At the start of the study, 93 patients were identified by the treating centres as having Pompe 
disease. Of these, 89 were deemed eligible for inclusion and 81 patients (91% of those deemed 
eligible) were approached in clinic and invited to participate in the study. Seventy-seven patients 
(95% of those approached) consented to participate. Patient demographic characteristics are 
presented in Tables 127 and 128.

Twelve patients had a diagnosis of infantile-onset Pompe disease (characterised by the 
presence of cardiomyopathy) and 65 patients had a diagnosis of adult-onset Pompe disease. 
At recruitment, 15 of the participants were children (aged < 16 years) and 62 were adults. The 
average age of the infantile-onset patients at recruitment was 3.1 (range 0.4–10.2) years and 
the average age of children with adult-onset Pompe disease was 8.6 (range 1.28–12.5) years. 
The average age of adults (all with adult-onset Pompe disease) at recruitment was 46.5 (range 
16.3–76.7) years. The average age at diagnosis of infantile-onset Pompe disease was 0.69 (range 
0.02–2.32) years and that of adult-onset Pompe disease was 38.01 (range 0–67.7) years.

At the time of recruitment into the study, all the infantile-onset patients and almost all 
adult-onset patients (62 out of 65) received alglucosidase alpha. The average time on ERT 
was 2.19 (range 0.15–9.7) years for infantile-onset patients and 1.31 (range 0–3.12) years for 
adult-onset patients.

We collected data from all patients at the time of recruitment. Data were also collected from 
71 patients at a second data point, and from 55 patients at a third data point. The number of 
retrospective data points per patient ranged from 1 to 4.

Separate results are presented for infantile and adult onset owing to the differing patterns of 
morbidity associated with these two forms of Pompe disease.
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TABLE 127  Patient demography characteristics – adults

Patient characteristic Late onset (N = 62)

Gender

	 Male, n 37

	 Female, n 25

Age at recruitment (years)

	 Mean (SD) 46.5 (13.8)

	 Median (min.–max.) 45.6 (16.3–76.7)

Age at diagnosis (years)

	 Mean (SD) 39.7 (15.2)

	 Median (min.–max.) 37.7 (1.45–67.7)

Initial treatment

	 Not on ERT, n 3

	 ERT (alglucosidase alpha), n 59

Age at first infusion (years)

	 Mean (SD) 45.5 (14.1)

	 Median (min.–max.) 44.6 (16.4–74.7)

Time on ERT (years)

	 Mean (SD) 1.27 (0.8)

	 Median (min.–max.) 1.26 (0–3.12)

max., maximum; min., minimum; SD, standard deviation.

TABLE 128  Patient demography characteristics – children

Patient characteristic
Early onset 
(N = 12)

Late onset 
(N = 3)

Gender

	 Male, n 6 3

	 Female, n 6 0

Age at recruitment (years)

 	 Mean (SD) 3.1 (2.9) 8.6 (6.4)

	 Median (min.–max.) 2.6 (0.4–10.2) 12.1 (1.28–12.5)

Age at diagnosis (years)

 	 Mean (SD) 0.69 (0.64) 2.31 (2.1)

	 Median (min.–max.) 0.49 (0.02–2.32) 2.75 (0–4.2)

Initial treatment

	 Not on ERT, n 0 0

	 ERT (alglucosidase alpha), n 10 3

	 Clinical trial of ERT,a n 2 0

Age at first infusion (years)

	 Mean (SD) 0.90 (0.81) 6.49 (5.6)

	 Median (min.–max.) 0.73 (0.05–2.65) 8.97 (0.04–10.5)

Time on ERT (years)

	 Mean (SD) 2.19 (2.9) 2.14 (0.9)

	 Median (min.–max.) 0.88 (0.15–9.7) 1.34 (1.24–3.12)

max., maximum; min., minimum; SD, standard deviation.
a	 Patients were initially part of a RCT of ERT.
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Key markers of disease progression

The following measures were identified as key markers of Pompe disease progression:

■■ FVC
■■ ventilation dependency
■■ mobility
■■ 6-minute walk test
■■ muscle strength
■■ body mass index (BMI).

In addition, adults completed the SF-36, EQ-5D, FSS and the Service Use and Costs 
Questionnaire, whereas children or their carers completed the age-appropriate PedsQL 
questionnaire. Carers of children or adults were asked to complete the Service Use and Costs 
Questionnaire and the CSI.

Longitudinal models were fitted to assess relationships between continuous measures of function 
and length of time on ERT, after adjustment for age and clustering by centre. In the basic models, 
the effect of time on ERT was treated as a linear effect because of the small number of data points. 
Further analysis was conducted to explore the possibility that time spent on ERT would have a 
non-linear effect on function. Patients contributed data points to the model both before and after 
starting ERT.

Kaplan–Meier survival curves were estimated to illustrate differences in the age at first recorded 
occurrence of binary events that could be considered progressive including restricted mobility 
and ventilator dependency. Treatment group differences in survival function were tested using 
Cox regression models. Individual patients contributed intervals of time at risk to more than one 
of the treatment categories (no treatment, ERT) as appropriate.

Summary of results

Patients with infant-onset Pompe disease were analysed separately from the 65 patients with 
adult-onset Pompe disease. Only 12 patients with infantile-onset Pompe disease were included in 
this study and all started treatment at the time of diagnosis providing insufficient data to reliably 
estimate associations with ERT. Although we did not find evidence of an association with time 
on ERT and the CSI in the linear model, when time on ERT was treated as a continuous variable 
there was a significant association with time on ERT and a reduction in carer burden.

The remainder of this summary section refers to results of analyses confined to the patients with 
adult-onset Pompe disease.

These data provide evidence for an association between time on ERT and increased distance 
walked in the 6-minute walk test for patients with adult-onset Pompe disease. There is also 
evidence of a statistically significant association between time on ERT and increased muscle 
strength scores. However, improvements in both these measures are only seen over the first 
2 years of treatment with ERT, although these results should be interpreted with caution because 
of the wide CIs. There were insufficient data to analyse the relationship between time on ERT and 
the risk of developing restricted mobility.
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We found no evidence of a statistically significant association between the use of ERT and 
respiratory function as assessed by FVC or risk of becoming ventilator dependent among patients 
with adult-onset Pompe disease. There was no evidence of an association between BMI and time 
on ERT.

There was no statistically significant association between duration of treatment with ERT and 
QoL assessed by the SF-36, the EQ-5D or with fatigue assessed by the FSS. It is important 
to note that because the QoL data were not available retrospectively, this analysis essentially 
compares patients with different durations of time on treatment rather than comparing those 
not on treatment with those on ERT. Consequently, our analyses are not able to detect how QoL 
outcomes respond to initiation of treatment with ERT.

Per cent of predicted forced vital capacity

Adult-onset patients
Fifty-eight patients with adult-onset Pompe disease were able to complete an upright FVC 
test. Results are reported as a per cent of the predicted volume (FVC%). A total of 190 FVC 
measurements were recorded for these patients across all time points and the range of these 
measurements was 10–130%.

A longitudinal model was fitted to assess the linear relationship between FVC and time on ERT, 
after adjusting for age. As can be seen in Table 129, FVC was not significantly associated with age 
(p = 0.62). In this initial analysis, we examined the association between time on ERT, categorised 
as ‘not treated’, < 12 months, 12–36 months and > 36 months, and FVC. After adjusting for age, 
time on ERT was not significantly associated with change in FVC (p = 0.18). Further analysis was 
conducted to explore the shape of the relationship between FVC and time on ERT treated as a 
continuous variable. This analysis provided no evidence for a non-linear association between 
FVC and time on ERT (edf = 1.52; p = 0.22) (Figure 86).

TABLE 129  The association between time on ERT and FVC% in people with adult-onset Pompe disease (linear 
mixed-effects model)

NData

Estimate of change 
in FVC% Standard error 95% CI p-value

Gender

	 Male 120 0.00

	 Female 70 12.7 7.2 –1.41 to 26.8 0.08

Age 

	 Linear effect/year 0.12 0.24 –0.35 to 0.59 0.62

	 Time on ERT

	 Not on ERT 52 0.00 0.18

	 < 12 months 37 1.91 1.27 –0.58 to 4.39 0.14

	 12–36 months 79 0.11 1.17 –2.18 to 2.40 0.93

	 > 36 months 22 –1.56 1.77 –5.03 to 1.90 0.38

Variance components

	 Individual 713.9

	 Centre 0.0

	 Residual 28.2
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Ventilation

Adult-onset patients
We have ventilation data on 61 people with adult onset Pompe disease (58 on ERT and three 
not on treatment). We have 241 observations related to ventilation across all time points, where 
patients were categorised as being ventilator-free or ventilator-dependent.

Thirty-one patients (29 on ERT and two not on treatment) remained ventilator-free throughout 
the data collection period. By the age of 30, seven patients were reported as being ventilator-
dependent (six on ERT and one not on treatment). By 50 years of age, a further 10 patients were 
ventilator-dependent (all on ERT) and a further 13 patients became ventilator-dependent after 
the age of 50 (all on ERT).

Infantile-onset patients
All of the infantile-onset patients were on ERT. Of the 12 patients, four were ventilator dependent 
at the time of being studied. There were insufficient data for further analyses.

Swallowing

Infantile-onset patients
One out of the 12 infantile-onset patients was reported as having swallowing difficulties by the 
fifth month of age. By the age of 4 years, 7 of the 12 infantile-onset patients reported having a 
swallowing difficulty. There were insufficient data for further analyses.
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FIGURE 86  The age-adjusted association between time on ERT and FVC% in people with adult-onset Pompe disease 
(time on ERT treated as a continuous variable).
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Mobility

Infantile-onset patients
Mobility data were collected for 11 infantile-onset Pompe disease patients. Of those, four were 
able to sit unsupported, three were able to stand and walk independently, two were able to walk 
upstairs one step, and two infants were unable to sit or stand unsupported. By the age of 5 years, 
4 of the 11 early-onset patients were reported as having restricted mobility. Owing to the small 
numbers no further analyses were undertaken.

Adult-onset patients
We have mobility data on 64 adult onset Pompe patients, (61 on ERT and three not on 
treatment). We have 303 observations for mobility across all time points, where patients were 
categorised as being mobile if they could walk for 5 metres or stand for 6 minutes unaided, as 
having restricted mobility if they could walk aided with one or two sticks, or as being wheelchair 
dependent (i.e. immobile).

Thirty-seven patients (34 on ERT and three not on treatment) reported having no mobility 
problems at any point during data collection. Of the 27 patients with mobility problems (all on 
ERT), four reported having restricted mobility by the age of 30. By the age of 35, one additional 
patient reported having restricted mobility. By 60 years of age, 15 additional patients reported 
having restricted mobility, and seven more patients reported having restricted mobility after the 
age of 60. Nine of these patients (all on ERT) were reported as being wheelchair dependent by 
60 years of age.

6-minute walk test

Adult-onset patients
We have a 6-minute walk test results for 22 adult-onset patients, with 71 measurements across all 
time points. The distances walked ranged from 88 to 581 m.

As can be seen in Table 130, the distance walked in 6 minutes by patients with adult-onset Pompe 
disease was significantly, negatively, associated with age (p < 0.001). After adjusting for age, 
time on ERT was associated with a significant positive change in distance walked (p = 0.0001). 
In this initial analysis, we examined the association between time on ERT, categorised as ‘not 
treated’, < 12 months, 12–36 months and > 36 months, and distance walked. Further analysis was 
conducted to explore the shape of the relationship between distance walked and time on ERT 
treated as a continuous variable. This analysis (illustrated in Figure 87) suggested a significant 
non-linear effect of time on ERT (edf = 2.8; p < 0.001). The graph suggests the distance walked 
by patients with adult-onset Pompe disease improves for the first 2 years after commencing 
ERT, when the treatment effect peaks before appearing to decline. However, the wide CIs mean 
that this result should be interpreted with caution as it may reflect selection effects in this 
small cohort.
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TABLE 130  The association between time on ERT and distance walked (m) in people with adult-onset Pompe disease 
(linear mixed-effects model)

NData

Estimate of change in 
distance walked (m) Standard error 95% CI p-value

Gender

	 Male 54 0.00

	 Female 17 –65.5 36.4 –137.2 to 5.44 0.07

Current age 

	 Linear effect/year –4.6 1.0 –6.56 to –2.64 < 0.001

Time on ERT

	 Not on ERT 18 0.00 < 0.001

	 < 12 months 10 36.3 14.4 8.07 to 64.5 0.014

	 12–36 months 33 45.0 10.7 23.9 to 66.3 < 0.001

	 > 36 months 10 4.16 16.6 –28.4 to 36.7 0.80

Variance components

	 Individual 5008.3

	 Centre 3741.2

	 Residual 1153.4
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FIGURE 87  The age-adjusted association between time on ERT and distance walked in people with adult-onset Pompe 
disease (time on ERT treated as a continuous variable).
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Muscle strength test

Adult-onset patients
We have muscle strength test data for 54 patients with adult-onset Pompe disease, with 176 scores 
for these patients across all time points. Scores ranged from 62 to 120.

As can be seen in Table 131, muscle strength score was not significantly associated with age 
in adult-onset patients (p = 0.56). After adjusting for age, time on ERT was associated with a 
significant positive change in muscle test score (p < 0.001). In this initial analysis, we examined 
the association between time on ERT, categorised as ‘not treated’, < 12 months, 12–36 months 
and > 36 months, and muscle test scores. Further analysis was conducted to explore the shape of 
the relationship between muscle test scores and time on ERT treated as a continuous variable. 
This analysis suggested that there was a significant non-linear association between muscle test 
score and time on ERT (edf = 2.71; p < 0.001) (Figure 88). This analysis appears to suggest that the 
scores improve for the first 2 years of treatment and then plateau. However, the wide CIs around 
the line mean that this result should be interpreted with caution.

TABLE 131  The association between time on ERT and muscle strength score in people with adult-onset Pompe 
disease (linear mixed-effects model)

NData

Estimate of change in 
muscle test score Standard error 95% CI p-value

Gender

	 Male 113 0.00

	 Female 63 0.76 3.45 –6.0 to 7.5 0.83

Current age

	 Linear effect/year 0.07 0.12 –0.16 to 0.30 0.56

Time on ERT

	 Not on ERT 56 0.00 < 0.001

	 < 12 months 34 3.49 1.08 1.37 to 5.61 0.001

	 12–36 months 73 4.02 0.89 2.27 to 5.76 < 0.001

	 > 36 months 13 1.44 1.64 –1.77 to 4.65 0.38

Variance components

	 Individual 132.2

	 Centre 16.4

	 Residual 20.1
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FIGURE 88  The age-adjusted association between time on ERT and muscle strength score in people with adult-onset 
Pompe disease (time on ERT treated as a continuous variable).
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TABLE 132  The association between time on ERT and BMI in people with adult-onset Pompe disease (linear 
mixed-effects model)

NData

Estimate of change in BMI 
(kg/m2)

Standard 
error 95% CI p-value

Gender

	 Male 131 0.00

	 Female 77 2.09 1.35 –0.56 to 4.74 0.12

Age 

	 Linear effect/year 0.19 0.04 0.11 to 0.27 < 0.001

Time on ERT

	 Not on ERT 75 0.00 0.51

	 < 12 months 42 0.42 0.29 –0.15 to 0.98 0.16

	 12–36 months 78 0.19 0.26 –0.32 to 0.69 0.45

	 > 36 months 13 0.50 0.52 –0.52 to 1.52 0.33

Variance components

	 Individual 25.9

	 Centre 0.00

	 Residual 1.89

Body mass index

Adult-onset patients
We have 208 BMI measurements for 63 patients with adult-onset Pompe disease, across all time 
points. Values range from 13.31 to 46.17 kg/m2.

As seen in Table 132, there was a significant increase in BMI with age (p < 0.001). However, after 
adjusting for age there was no significant association between BMI and time on ERT (p = 0.51). 
In this initial analysis, we examined the association between time on ERT, categorised as ‘not 
treated’, < 12 months, 12–36 months and > 36 months, and BMI. Further analysis was conducted 
to explore the shape of the relationship between BMI and time on ERT treated as a continuous 
variable. This analysis provided no evidence for a non-linear association between BMI and time 
on ERT (edf = 1.0; p = 0.77) (Figure 89).
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FIGURE 89  The age-adjusted association between time on ERT and BMI in people with adult-onset Pompe disease 
(time on ERT treated as a continuous variable).
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Height

Infantile-onset patients
Twenty-nine height measurements were collected for 11 patients with infantile Pompe disease, 
across all time points. Children’s height measurements were converted to z-scores using 1990 
UK norms261 with the Stata command ‘zanthro’. This transformation allows one to examine the 
changes in height relative to the expected growth patterns for a child of the same age. Values 
range from 60.2 to 138.0 cm, with a mean z-score of 0.17 (Table 133).

After the adjustment for age, there was no statistically significant association between time on 
ERT and infantile height (p = 0.19). Further analysis was conducted to explore the shape of the 
relationship between height centiles and time on ERT. This analysis provides no evidence for a 
non-linear association between height z-scores and time on ERT (edf = 1; p = 0.19) (Figure 90).

TABLE 133  The association between time on ERT and height for age z-scores in children with infantile Pompe disease 
(linear mixed-effects model)

NData

Estimate of 
increment in height Standard error 95% CI p-value

Gender

	 Male 10 0.00

	 Female 19 –1.75 0.57 –2.88 to –0.62 0.005

Age 

	 Linear effect/year –0.57 0.38 –1.31 to 0.17 0.14

	 Time on ERT

	 Linear effect/year 0.51 0.38 –0.24 to 1.27 0.19

Variance components

	 Individual 0.66

	 Centre 1.33

	 Residual 0.35
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FIGURE 90  The age-adjusted association between time on ERT and height z-scores in children with infantile Pompe 
disease (time on ERT treated as a continuous variable).
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Weight

Infantile-onset patients
Thirty-one weight measurements were recorded for 12 patients with infantile Pompe disease, 
across all time points. Children’s weight measurements were converted to standardised z-scores 
against 1990 UK norms,261 adjusted for age and gender, using the Stata command ‘zanthro’. Values 
range from 5.7 to 32.2 kg, with a mean z-score of –0.15 (Table 134).

After the adjustment for age, there was no statistically significant association between time on 
ERT and infantile weight (p = 0.70). Further analysis was conducted to explore the shape of the 
relationship between weight centiles and time on ERT. This analysis provided no evidence for a 
non-linear association between infantile weight and time on ERT (edf = 1.87; p = 0.36) (Figure 91).

TABLE 134  The association between time on ERT and weight z-scores in children with infantile Pompe disease (linear 
mixed-effects model)

NData

Estimate of 
increment in weight Standard error 95% CI p-value

Gender

	 Male 13 0.00

	 Female 18 –0.13 0.73 –1.56 to 1.31 0.86

Age 

	 Linear effect/year 0.32 0.49 –0.64 to 1.28 0.52

Time on ERT

	 Linear effect/year –0.19 0.50 –1.17 to 0.78 0.70

Variance components

	 Individual 1.03

	 Centre 0.00

	 Residual 0.99
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FIGURE 91  The age-adjusted association between time on ERT and weight z-scores in children with infantile Pompe 
disease (time on ERT treated as a continuous variable).
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Quality-of-life assessments

SF-36
One hundred and thirty-four SF-36 questionnaires were completed across all prospective time 
points. Data are presented separately for PCS and MCS. The higher the SF-36 score, the better 
health the person believes themselves to be in (Tables 135–137).

The PCS was not significantly associated with age (p = 0.08). In this initial analysis, we examined 
the association between time on ERT, categorised as ‘not treated’, < 12 months, 12–36 months 
and > 36 months, and PCS. After adjusting for age, the PCS was not significantly associated with 
time on ERT (p = 0.16). Further analysis was conducted to explore the shape of the relationship 
between PCS and time on ERT treated as a continuous variable. This analysis provided no 
evidence of a non-linear association between PCS and time on ERT (edf = 1; p = 0.55) (Figure 92).

TABLE 135  SF-36 items scores in people with adult-onset Pompe disease

PCS MCS

Overall

Mean (SD) 29.8 (8.73) 50.07 (12.5)

N
Data

134 134

≤ 3 years on ERT

Mean (SD) 29.8 (8.9) 49.7 (12.8)

N
Data

93 93

> 3 years on ERT

Mean (SD) 28.4 (7.7) 52.1 (12.5)

N
Data

35 35

SD, standard deviation. 

TABLE 136  The association between time on ERT and SF-36 PCS in people with adult-onset Pompe disease (linear 
mixed-effects model)

NData Estimate Standard error 95% CI p-value

Gender

	 Male 85 0.00

	 Female 49 0.29 2.05 –3.71 to 4.39 0.88

Age 

	 Linear effect/year –0.13 0.07 –0.28 to 0.03 0.08

Time on ERT

	 Not on ERT 6 0.00 0.16

	 < 12 months 22 –6.64 3.31 –13.1 to –0.17 0.04

	 12–36 months 71 –6.32 3.03 –12.2 to –0.34 0.04

	 > 36 months 35 –7.24 3.27 –13.9 to –1.12 0.03

Variance components

	 Individual 40.3

	 Centre 3.4

	 Residual 32.7
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The likelihood ratio test for the overall effect of time on ERT did not reach statistical significance 
even though the coefficients for the individual categories were significant using the Wald test. The 
potential for different results can arise in small to moderate samples because of skewed sampling 
distributions of the model parameters.275 The likelihood ratio test makes no assumption about 
the shape of the sampling distribution and so is generally superior to the Wald test in small 
samples. We conclude that the apparent association between PCS and time on ERT failed to reach 
conventional levels of statistical significance.

It is also important to note that because the SF-36 data were not available retrospectively, this 
analysis essentially compares patients with different durations of time on treatment rather than 
comparing those not on treatment with those on ERT. Consequently, our analysis is not able to 
detect how the physical component summary score responds to initiation of treatment with ERT 
(Table 137).

As with the PCS, the MCS was not significantly associated with age (p = 0.95). In this initial 
analysis, we examined the association between time on ERT, categorised as ‘not treated’, 
< 12 months, 12–36 months and > 36 months, and MCS. Further analysis was conducted to 
explore the shape of the relationship between MCS and time on ERT treated as a continuous 
variable. After adjusting for age, the MCS was not significantly associated with time on ERT 
(p = 0.88). This analysis provided no evidence of a non-linear association between MCS and time 
on ERT (edf = 1; p = 0.87) (Figure 93).

Again, it is important to note that because the SF-36 data were not available retrospectively, this 
analysis essentially compares patients with different durations of time on treatment rather than 
comparing those not on treatment with those on ERT. Consequently, our analysis is not able to 
detect how the MCS responds to initiation of treatment with ERT.
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FIGURE 92  The age-adjusted association between time on ERT and SF-36 PCS in people with adult-onset Pompe 
disease (time on ERT treated as a continuous variable).
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TABLE 137  The association between time on ERT and SF-36 MCS in people with adult-onset Pompe disease (linear 
mixed-effects model)

NData Estimate Standard error 95% CI p-value

Gender

	 Male 85 0.00

	 Female 49 –1.58 3.20 –7.85 to 4.69 0.62

Age 

	 Linear effect/year 0.007 0.12 –0.23 to 0.24 0.95

Time on ERT

	 Not on ERT 6 0.00 0.88

	 < 12 months 22 –3.29 4.49  –12.1 to 5.51 0.46

	 12–36 months 71 –2.88 4.13 –10.9 to 5.21 0.49

	 > 36 months 35 –2.40 4.47 –11.2 to 6.36 0.59

Variance components

	 Individual 109.5

	 Centre 17.8

	 Residual 55.7
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FIGURE 93  The age-adjusted association between time on ERT and SF-36 MCS in people with adult-onset Pompe 
disease (time on ERT treated as a continuous variable).
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EQ-5D
In addition to the SF-36, participants aged ≥ 13 years were invited to complete the EQ-5D. One 
hundred and thirty-two EQ-5D questionnaires were completed across all prospective time points. 
Data are presented in Table 138 for the EQ-5D score (range from –0.35 to 1.0, with 1.0 being 
‘perfect health’).

A longitudinal model was fitted to assess the linear relationship between EQ-5D and time on ERT 
after adjusting for age.

The linear model showed no significant association between EQ-5D and age (p = 0.46). When 
time on ERT was categorised as < 12 months, 12–36 months or > 36 months, there appears to be 
a worsening in reduction in EQ-5D with time on ERT; however, this does not reach conventional 
levels of statistical significance (p = 0.06).

Further modelling of the data provided no evidence for a non-linear association between the 
EQ-5D and time on ERT (edf = 1.0; p = 0.27) (Figure 94).

Equivalent modelling analyses were also conducted using SF-6D (SF-36-derived) utility weights, 
but no statistically significant associations (at α = 0.05 level) were found with time on ERT. The 
tabulated results of the SF-6D longitudinal modelling analyses are available on request from the 
study authors.

TABLE 138  The association between time on ERT and the EQ-5D in people with adult-onset Pompe disease (linear 
mixed-effects model)

NData Estimate of change of EQ-5D Standard error 95% CI p-value

Gender

	 Male 81 0.00

	 Female 51 –0.0005 0.07 –0.14 to 0.14 0.99

Age 

	 Linear effect/year 0.002 0.003 –0.004 to 0.008 0.46

Time on ERT

	 Not on ERT 7 0.00 0.06

	 < 12 months 23 –0.19 0.09 –0.36 to –0.01 0.03

	 12–36 months 71 –0.20 0.08 –0.35 to –0.04 0.02

	 > 36 months 31 –0.25 0.09 –0.43 to –0.07 0.008

Variance components

	 Individual 0.06

	 Centre 0.002

	 Residual 0.023



252 Results – Pompe disease

EQ-5D visual analogue scale
In addition to scoring on the five domains of the EQ-5D, participants were asked to rate their 
health on a VAS. The EQ-5D VAS asks people to rate their health state on a 10-cm line from 
0, ‘worst imaginable health state’, to 100, ‘best imaginable health state’. The 123 VAS scores 
completed for this study ranged from 0 to 100. A longitudinal model was fitted to assess the 
linear relationship between the visual analogue score and time on ERT after adjusting for age.

The linear model shown in Table 139 shows no significant association in EQ-5D VAS score with 
age (p = 0.26) or with time on ERT (p = 0.80).
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FIGURE 94  The age-adjusted association between time on ERT and EQ-5D score in people with adult-onset Pompe 
disease (time on ERT treated as a continuous variable).

TABLE 139  The association between time on ERT and EQ-5D VAS in people with adult-onset Pompe disease (linear 
mixed-effects model) 

NData

Estimate of change of 
EQ-5D VAS Standard error 95% CI p-value

Gender

	 Male 79 0.00

	 Female 44 14.8 5.05 4.90 to 24.7 0.004

Age 

	 Linear effect/year 0.20 0.18 –0.15 to 0.55 0.26

Time on ERT

	 Not on ERT 7 0.00 0.80

	 < 12 months 15 –7.66 8.91 –25.1 to 9.80 0.39

	 12–36 months 65 –6.13 7.66 –21.1 to 8.88 0.42

	 > 36 months 36 –7.54 8.33 –23.8 to 8.78 0.37

Variance components

	 Individual 216.0

	 Centre 54.5

	 Residual 229.8
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No evidence was found for a non-linear association with EQ-5D VAS score and time on ERT 
(edf = 1; p = 0.76) (Figure 95).

PedsQL
Thirteen PedsQL questionnaires were completed by children with infantile-onset Pompe disease, 
or their carers. Table 140 shows a descriptive summary of the total score and the scores from the 
component summary scores by type of treatment. The scale ranges from 0 to 100, where higher 
scores indicate better HRQoL.

Table 140 shows descriptive statistics of the PedsQL data, with time on ERT, after adjusting for 
age. As can be seen from the table there were insufficient data points to explore the relationship 
between PedsQL scores and time on ERT.
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FIGURE 95  The age-adjusted association between time on ERT and the EQ-5D VAS in people with adult-onset Pompe 
disease (time on ERT treated as a continuous variable).

TABLE 140  PedsQL scores in children with infantile Pompe disease

Time
Physical 
functioning

Emotional 
functioning

Social 
functioning 

School 
functioning

Psychosocial health 
summary score

Physical health 
summary score Total score

Overall

Mean (SD) 34.02 (26.8) 64.9 (25.4) 44.7 (19.2) 85.0 (10.0) 80.6 (3.5) 34.02 (26.8) 66.8 (17.7)

n 12 12 13 3 3 12 2

≤ 3 years on ERT

Mean (SD) 29.5 (25.7) 51.3 (23.03) 38.7 (19.7) N/A N/A 29.5 (25.7) N/A

n 8 7 8 0 0 8 0

> 3 years on ERT

Mean (SD) 42.9 (30.4) 84.0 (14.3) 54.2 (15.4) 85.0 (10.0) 80.6 (3.5) 42.9 (30.4) 66.8 (17.7)

n 4 5 5 3 3 4 2

N/A, not applicable as participants too young for school; SD, standard deviation. 
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Fatigue Severity Scale
We collected 63 FSS questionnaires for patients with adult-onset Pompe disease. The scores 
ranged from 3.22 to 7 [where a high score (≥ 4) is indicative of significant fatigue228,229].

As can be seen in Table 141, there was no statistically significant difference in fatigue scores 
between males and females (p = 0.06) or with age (p = 0.98). After adjusting for age, there was 
no statistically significant association between fatigue scores and time on ERT (p = 0.17). In this 
initial analysis, we examined the association between time on ERT, categorised as ‘not treated’, 
< 12 months, 12–36 months and > 36 months, and fatigue scores.

Further analysis was conducted to explore the shape of the relationship between fatigue scores 
and time on ERT treated as a continuous variable. This analysis provided no strong evidence for a 
non-linear association between fatigue and time on ERT (edf = 2.44; p = 0.15) (Figure 96).

TABLE 141  The association between time on ERT and FSS in people with adult-onset Pompe disease (linear 
mixed-effects model) 

NData Estimate Standard error 95% CI p-value

Gender

	 Male 41 0.00

	 Female 22 0.62 0.33 –0.03 to 1.27 0.06

Age 

	 Linear effect/year –0.0001 0.01 –0.02 to 0.02 0.98

Time on ERT

	 Not on ERT 2 0.00 0.17

	 < 12 months 2 –0.44 1.05  –2.49 to 1.62 0.67

	 12–36 months 27 1.06 0.82 –0.54 to 2.66 0.19

	 > 36 months 32 0.83 0.81 –0.76 to 2.42 0.31

Variance components

	 Individual 0.71

	 Centre 0.09

	 Residual 0.36
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FIGURE 96  The age-adjusted association between time on ERT and FSS in people with adult-onset Pompe disease 
(time on ERT treated as a continuous variable).
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Carer Strain Index
Thirteen CSI questionnaires were completed across all prospective time points by carers of 
children with infantile-onset Pompe disease. Only one form was completed by the carer of 
an adult-onset patient, and therefore no analysis was possible. CSI total score ranged from 1 
to 24; the maximum possible score of 26 signifies the greatest degree of caregiver burden. A 
longitudinal model was fitted to assess the linear relationship between the CSI and time on ERT, 
after adjusting for age (Table 142).

The linear model shows no significant association in score on the CSI with age of person they 
are caring for (p = 0.79). When time on ERT was categorised as < 12 months, 12–36 months or 
> 36 months, no significant association in CSI was seen with time on ERT (p = 0.08).

However, further modelling of the data provided evidence for a non-linear association between 
the CSI and time on ERT treated as a continuous variable (edf = 3.1; p = 0.02) (see Figure 97). 
This relationship, seen in Figure 97, suggests that the burden of care for carers of patients with 
infantile-onset Pompe disease reduces with time on ERT, although these results should be treated 
with caution because of the sparse data.

TABLE 142  The association between time on ERT and the CSI for carers of children with infantile-onset Pompe disease 
(linear mixed-effects model)

NData

Estimate of change 
of CSI Standard error 95% CI p-value

Gender

	 Male 5 0.00

	 Female 8 –7.82 6.37 –20.3 to 4.66 0.24

Age 

	 Linear effect/year 0.31 1.18 –2.0 to 2.62 0.79

Time on ERT

	 Not on ERT 0 0.00 0.08

	 < 12 months 3 0.00 0.00 0.00 0.00

	 12–36 months 5 6.49 3.22 0.17 to 12.8 0.07

	 > 36 months 5 –3.02 9.21 –21.1 to 15.0 0.75

Variance components

	 Individual 66

	 Centre 0.0

	 Residual 6
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Safety and complications

Of the 77 participants with Pompe disease in this study, one patient reported that they had 
experienced febrile reactions, two patients reported anaphylactic reactions, five patients 
required pre-medication and 15 patients were reported as having positive antibody status to 
infused products.

Two patients stopped ERT during the period of data collection. One patient stopped treatment 
owing to pregnancy and no reason for stopping treatment was cited for the other patient.

During the course of the study, one patient with Pompe disease died from disease-related 
complications after 4 months.
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FIGURE 97  The age-adjusted association between time on ERT and the CSI for carers of children with infantile-onset 
Pompe disease (time on ERT treated as a continuous variable).
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Cost of enzyme replacement therapy in people with Pompe disease

Table 143 shows the current unit purchase cost to the NHS of alglucosidase alpha.

Table 144 shows the NSCT-estimated annual NHS per patient cost of providing these drugs. Note 
that these costs include both the drug costs and home-care costs where the NSCT funds them.

Cost of care for adults with Pompe disease

Total care cost – financial burden of Pompe disease
Table 145 shows the estimated annual cost to the NHS and publicly funded social-care services of 
caring for an adult with Pompe disease. Of the estimated mean per patient annual cost of £6300, 
almost half is as a result of NHS hospital services used; of this two-fifths (£1200 per patient per 
year) is from inpatient stays, whereas just over two-fifths (£1300) is from outpatient visits (see 
Table 146). Of the £3300 per patient per year from using services outside hospital, < £80 per 
patient is from GP visits, whereas > £2400 is from regular visits from either home helps, health 
visitors or other nurses (see Table 147).

TABLE 143  Unit cost of ERT for Pompe disease

Drug full name
Proprietary name 
and unit

2011 base price per 
unit (£)

Aglucosidase alpha Myozyme®, 50 mg 356.06

Source: data kindly supplied by the NSCT, in December 2011.

TABLE 144  Annual NHS cost per patient for ERT for Pompe disease (2011)

Drug Adults Infants Children

Aglucosidase alpha 50 mg £282,798 £26,025 £121,780

Source: data kindly supplied by the NSCT, in January 2012. The data are the full year average costs for those patients taking aglucosidase alpha 
at the end of December 2011.

TABLE 145  Estimated annual care costs of adult patients with Pompe disease (data as at study entry)

Type of service

No. with valid 
resource use 
data

Per cent of 
all at study 
entry

No. who used 
this type of 
service (%)

Mean 
cost (£)

Standard 
deviation

Mediana 
cost (£)

Interquartile 
rangea (£)

Hospital services 54 87 50 (93) 3000 4291 1500 940–4100

Services outside hospital 54 87 50 (93) 3300 5584 230 54–3000

Total health (NHS) and social-care 
cost

54 87 53 (98) 6300 6915 3200 1000–7900

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).
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Cost breakdown by hospital- and community-based services
Tables 146 and 147 show the cost breakdown of the hospital and community (non-hospital) 
services and professionals used by adults with Pompe disease. Only 23 patients, or just over two-
fifths, of those adults who provided valid service-use data had hospital stays as inpatients, and 
this accounted for about the same proportion of the NHS hospital costs for adults with Pompe 
disease. In contrast, 80% of patients reported having at least one hospital outpatient attendance 
during the previous 12 months, and these accounted for 43% of the overall hospital costs.

TABLE 146  Breakdown of the cost of NHS hospital services (adults with Pompe disease)

Type of hospital care
No. who used this 
type of service (%) Mean cost (£)

Standard 
deviation Mediana cost (£)

Interquartile 
rangea (£)

Inpatient stays 23 (43) 1200 3876 940 940–2400

Outpatient visits 43 (80) 1300 1819 940 470–1900

Day cases 10 (19) 510 1265 3300 940–3600

Accident and emergency visits 5 (9) 11 38 100 100–210

Total hospital (NHS) care cost 50 (93) 3000 4291 1500 940–4100

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).

TABLE 147  Breakdown of the cost of NHS and social-care services outside hospital (adults with Pompe disease)

Care provider
No. who used 
this provider (%) Mean cost (£)

Standard 
deviation Mediana cost (£)

Interquartile 
rangea (£)

GP visits (including home visits) 39 (72) 74 113 54 41–110

GP nurse appointments 19 (35) 5 13 5 5–16

District nurses 5 (9) 5 21 32 5–130

Community mental health nurse 2 (4) 5 39 150 8–290

Other nurse or health visitor 14 (26) 1300 2712 7100 1900–7700

Counsellor 1 (2) 42 311 2300 N/A

Other therapist 8 (15) 100 578 47 20–960

‘Alternative’ medicine or therapy 0 0 0 0 0–0

Psychologist 1 (2) 3 22 160 N/A

Psychiatrist 0 0 0 0 0–0

Other community-based doctor 0 0 0 0 0–0

Occupational therapist 8 (15) 8 33 38 20–57

Social worker 4 (7) 18 69 280 110–320

Home help 4 (7) 1100 5272 9000 2700–36,500

Care attendant 2 (4) 680 4967 18,300 170–36,500

Community support worker 0 0 0 0 0–0

Housing worker 1 (2) < 1 3 25 N/A

All non-hospital NHS and social-
care providers

50 (93%) 3300 5584 230 54–3000

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).
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The majority of costs related to using community-based services were due to the relatively small 
minority of adults with Pompe disease who used home helps (four patients, including one using 
£36,500 worth of care, e.g. 4 hours a day 365 days a year) or who used health visitors or other 
nurses regularly (14 patients). They accounted for £2400 of the £3300 annual per patient cost of 
services used outside hospital. Although over two-thirds of adults with Pompe disease had seen 
their GP at least once during the past year, and over one-third reported seeing a practice nurse at 
their GP surgery, these accounted for < £80 of the £3300 annual cost of NHS and publicly funded 
social-care services consumed. Other support providers used by smaller numbers of adults with 
Pompe disease were occupational therapists, social workers, district nurses and care attendants 
(see Table 147).

Cost of care for children with Pompe disease

Total care cost – financial burden of Pompe disease
Table 148 shows the estimated annual cost to the NHS and publicly funded social-care services 
of caring for a child with Pompe disease, based on the 13 children who provided service-use data 
when they entered the study (7 males, mean age 4.7 years, age range 5 months to 12 years). Of the 
estimated mean per patient annual cost of £10,100, > £9000 is from NHS hospital services used, 
and of this £7500 per patient is from inpatient stays (see Table 149). Of the £780 per patient per 
year from using services outside hospital, GP visits, district nurse visits and other community-
based doctors account for the majority of these costs (see Table 150).

Cost breakdown by hospital- and community-based services
Tables 149 and 150 show the cost breakdown of the hospital and community (non-hospital) 
services and professionals used by children with Pompe disease. Seven of the 13 children who 
provided valid service-use data had hospital stays as inpatients, but these were sometimes 
very costly inpatient episodes. This included one child whose inpatient stays cost an estimated 
£25,300 (mainly treatment for aspiration pneumonia and a chest infection with collapsed lung), 
and another whose inpatient stay cost £59,200 (for a reported 63 days in hospital owing to 
their Pompe disease). In contrast, fewer children were reported as having hospital outpatient 
attendances or day case treatment during the previous 12 months, and these accounted < 20% of 
the overall hospital costs for the 16 children.

The majority of costs related to using community-based services was as a result of all children 
using some GP services, plus the few children who used district nurses (four children) or other 
community-based doctors (three patients, typically seeing paediatricians). Together these three 
accounted for £550 of the £780 annual per patient cost of services used outside of hospital. Other 

TABLE 148  Estimated annual care costs of child patients with Pompe disease (data as at study entry)

Type of service
No. with valid 
resource use data

Per cent of all at 
study entry

No. who used this 
type of service (%)

Mean 
cost (£)

Standard 
deviation

Mediana 
cost (£)

Interquartile 
rangea (£)

Hospital services 13 87 10 (77) 9300 17,428 2300 1900–11,700

Services outside 
hospital

13 87 13 (100) 780 795 560 130–1800

Total health (NHS) 
and social-care 
cost

13 87 13 (100) 10,100 17,469 2700 1100–10,600

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).
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care professionals and support providers typically seen by children with Pompe disease were GP 
practice nurses, occupational therapists, health visitors and other nurses (see Table 150), but these 
accounted for a relatively small proportion of the estimated mean annual costs.

Association between time on enzyme replacement therapy and costs for 
patients with Pompe disease

In patients with early- or late-onset Pompe disease, there was no statistically significant 
association (i.e. no p-values < 0.05 for the regression coefficient) in either adults or children 
between time on ERT and either total NHS and social-care costs, hospital-care costs or non-
hospital-care costs. The tabulated results of these analyses are available on request from the 
study authors.

TABLE 149  Breakdown of the cost of NHS hospital services (children with Pompe disease)

Type of hospital care
No. who used this 
type of service Mean cost (£)

Standard 
deviation Median costa (£)

Interquartile 
rangea (£)

Inpatient stays 7 7500 17,022 1900 940–25,300

Outpatient visits 2 300 753 2000 1700–2300

Day cases 4 1400 2643 5300 940–7100

Accident and emergency visits 2 87 237 570 310–820

Total hospital (NHS) care cost 10 9300 17,400 2300 1900–11,700

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).

TABLE 150  Breakdown of the cost of NHS and social-care services outside hospital (children with Pompe disease)

Care provider
No. who used 
this provider Mean cost (£)

Standard 
deviation Mediana cost (£)

Interquartile 
rangea (£)

GP visits (including home visits) 13 200 190 130 54–260

GP nurse appointments 7 8.5 11 12 10–23

District nurses 2 140 402 880 320–1400

Community mental health nurse 0 0 0 0 0–0

Other nurse or health visitor 5 49 82 77 53–88

Counsellor 0 0 0 0 0–0

Other therapist 1 58 131 39 19–440

‘Alternative’ medicine or therapy 1 7 24 85 N/A

Psychologist 1 28 101 365 N/A

Psychiatrist 0 0 0 0 0–0

Other community-based doctor 3 210 585 280 280–2100

Occupational therapist 3 30 57 120 120–150

Social worker 1 57 204 740 N/A

Home help 0 0 0 0 0–0

Care attendant 0 0 0 0 0–0

Community support worker 0 0 0 0 0–0

Housing worker 0 0 0 0 0–0

All non-hospital NHS and social-care 
providers

13 780 795 560 130–1800

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).
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Discussion of Pompe disease results

Pompe disease is caused by glycogen accumulation due to a deficiency of the lysosomal 
acid alpha-glucosidase enzyme by which it is degraded. A total or partial deficiency of this 
enzyme causes lysosomal glycogen storage, leading to a systemic disorder characterised 
by cardiomyopathy, muscle weakness, hypotonia and respiratory disorders. Three forms 
of presentation have been described according to the age at which clinical signs appear: in 
adulthood, adolescence or infancy. The last, characterised by very severe or even total enzyme 
deficiency, usually manifests in the first months of life.

Enzyme replacement therapy with recombinant human alglucosidase alpha (rhGAA) was 
approved for treating patients with Pompe disease in 2006.

Infantile Pompe disease
Kishnani and colleagues192 reported the largest study thus far involving patients with infantile-
onset Pompe disease. They studied 18 infants with severe infantile-onset Pompe disease 
treated with ERT, comparing this group with a historical control group of 62 patients meeting 
the inclusion criteria for the study. They reported improvements in respiratory function, 
cardiomyopathy and, among a subset of patients, motor function after 52 weeks of treatment with 
alglucosidase alpha. They also suggested increased survival in the treated group compared with 
the historical controls. They also reported on an extension of this study which suggested that 
the benefits compared with historical controls were maintained.193 Chakrapani and colleagues194 
reported the results of a study of 20 children with the infantile-onset form treated with ERT and 
suggested signs of benefit compared with historical experience.

Twelve patients with infantile Pompe disease were recruited to this study; the average age of the 
participants at the start of the study was 3 years and the mean age at diagnosis was 9 months. 
Inevitably, this cohort excludes those infants with the most severe problems who will have died 
before recruitment.

All participants in the study were on treatment at recruitment and one patient required 
ventilation. Of the 12 patients, four were ventilator dependent by the conclusion of the study. 
There were insufficient data for further analyses.

One out of the 12 infantile-onset patients was reported as having swallowing difficulties by the 
fifth month of age. By the age of 4 years, 7 of the 12 infantile-onset patients were reported as 
having a swallowing difficulty. There were insufficient data for further analyses.

Clearly, the nature of this sample (all on ERT as soon as diagnosed) means that the ability to 
investigate the effects of ERT is severely limited.

Late-onset Pompe disease
The central trial of the effectiveness of ERT in late-onset Pompe disease involved 90 patients 
aged between 10 to 70 years, 60 of whom were randomised to receive alglucosidase alpha and 
30 to placebo for 78 weeks.187 Compared with placebo, the treated group showed a statistically 
significant improvement in the 6-minute walk test and per cent predicted FVC. There were no 
significant differences reported in muscle test score or SF-36 PCS.

In this cohort study, 65 patients with late-onset Pompe disease agreed to participate; their mean 
age at recruitment was 45 years and mean age at diagnosis was 38.6 years. All apart from three 
were receiving alglucosidase alpha and the mean duration of treatment (at recruitment) was 
15 months.
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Respiratory outcome measures
Unlike the trial reported by Kishnani and colleagues,192,193 we found no statistically significant 
association between the use of ERT and per cent predicted FVC after adjustment. We also 
examined whether or not the use of ERT was associated with a decreased risk of becoming 
ventilator dependent. By the age of 55 years, almost 80% of patients were dependent on 
ventilation regardless of treatment status.

These differences in our results and those reported by van der Ploeg and colleagues187 might 
reflect a variety of causes. It is important to note that the van der Ploeg and colleagues study 
excluded patients who had a per cent predicted FVC outside the range of 30–80% or who 
required invasive ventilation or non-invasive ventilation when awake and upright. Within the 
cohort reported here, the range of per cent predicted FVC was 10–130% and 30 patients were 
receiving ventilation at some point during our observations.

6-minute walk test
The trial by van der Ploeg and colleagues reported a 25.1 m increase in distance walked in the 
group who had received ERT for 78 weeks compared with the controls whose distance walked 
decreased by an estimated 3 m.187 An observational study276 involving 38 patients with late-onset 
Pompe disease who received alglucosidase alpha over 36 months reported an increase in 32 m 
after 12 months and a further increase of 12 m after 24 months, although the distance fell back 
after 36 months’ treatment to 13 m compared with baseline.

We were limited in our analyses by having data for the 6-minute walk test data on only 22 
patients (71 measures across all time points). Nonetheless, our results appear to reinforce 
previous findings, showing a significant decline in distance walked with age but a statistically 
significant association between time on ERT and an increase in distance walked (p < 0.001). 
Further analysis suggests that the distance walked increased for the first 2 years and then 
appeared to plateau before declining again.

Muscle test
One of the defining features of late-onset Pompe disease is the progressive deterioration in 
proximal arm and leg strength. Previous studies have provided only inconclusive evidence of 
an effect of ERT on muscle strength, with the trial by van der Ploeg and colleagues reporting 
an improvement in proximal arm and leg muscle strength which did not reach statistical 
significance.187 The observational study reported by Regnery and colleagues276 suggested no 
improvement in muscle strength compared with baseline after 3 years of treatment with ERT.

Muscle strength data were collected for 54 patients, including 176 scores across all time points. 
We did not find a significant association with age. There was a statistically significant association 
between duration of ERT and improved muscle strength (p < 0.001). Similarly to the 6-minute 
walk test, this effect appears to plateau after about 2 years of treatment before declining again.

Body mass index
Bernstein and colleagues190 reported a series of three patients with late-onset Pompe disease who 
were treated for 6 months and apparently gained weight. In this study we found no statistically 
significant association between ERT and changes in BMI.

Quality-of-life data
Quality of life was not assessed in the trial by van der Ploeg and colleagues.187 Strothotte and 
colleagues277 reported an observational study looking at late-onset patients pre and 12 months 
post ERT and suggested there was no association between SF-36 QoL scores and treatment.
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In this cohort we found no statistically significant association between QoL scores (EQ-5D or 
SF-36) and duration of treatment with alglucosidase alpha.

Costs associated with Pompe disease
As with all other conditions investigated in this study, we were keen to capture the wider costs of 
care falling on the public sector in addition to the costs associated with ERT.

Based on patients’ self-reported health- and social-care service use, the annual cost of caring for 
people with Pompe disease, excluding the purchase cost of ERT, was estimated at £6300 for an 
adult and £10,000 for a child. These costs, however, are dwarfed by the cost of the therapies; the 
mean annual cost of ERT for adults with Pompe disease is £282,798 and £121,780 for children 
with Pompe disease.

From the longitudinal regression modelling of costs, there was no statistically significant 
association (i.e. p-value < 0.05) between time on ERT and either total NHS and social-care costs, 
hospital-care costs, or non-hospital-care costs for patients with Pompe disease. The tabulated 
results of these analyses are available on request from the study authors.

Owing to these high associated costs, and the lack of measureable effect of ERT on either 
clinical outcomes or HRQoL measures, it was infeasible to conduct either a cost-effectiveness 
or cost–utility analysis. As they apply to all six LSDs, the limitations of these cost estimates are 
summarised and discussed in Chapter 9. 
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Chapter 8  

Results – Niemann–Pick disease type C 
(NPC)

Patient characteristics

At the start of the study 58 patients were identified by the treating centres as having NPC. Of 
these, 56 patients were deemed eligible for inclusion and 36 patients (64% of those deemed 
eligible) were approached in clinics and invited to participate. All thirty-six patients (14 males 
and 22 females) agreed to participate. Patient demographic characteristics are presented in 
Tables 151 and 152.

At recruitment, 23 of the participants were children (aged < 16 years) and 13 were adults. The 
average age of children at recruitment was 6.46 (range 1.19–15.4) years and that of adults was 
28.9 (range 17.3–45.2) years. We collected data from all patients at the time of recruitment. Data 
were collected from 29 patients at their 12-month appointment and 5 patients at their 24-month 
appointment. We collected retrospective data from 25 patients at up to 12 time points.

At recruitment, 13 patients (seven children) were on SRT (miglustat), and the average time on 
SRT was 2.08 (range 0.1–6.92) years. Of the 13 patients on SRT, two patients were initially on a 
clinical trial prior to being prescribed open-label SRT.
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TABLE 151  Patient demography characteristics – adults

Patient characteristic

Gender

	 Male, n 4

	 Female, n 9

Age at recruitment (years)

	 Mean (SD) 28.9 (9.4)

	 Median (min.–max.) 26.7 (17.3–45.2)

Age at diagnosis (years) 

	 Mean (SD) 18.6 (11.5)

	 Median (min.–max.) 17.2 (4.0–32.5)

Initial treatment

	 Not on SRT, n 7

	 SRT (miglustat), n 5

	 Clinical trial,a n 1

Age at starting SRT

	 Mean (SD) 27.5 (11.5)

	 Median (min.–max.) 26.9 (11.8–42.6)

Time on SRT (years)

	 Mean (SD) 3.74 (2.6)

	 Median (min.–max.) 4.05 (0–6.92)

max., maximum; min., minimum; SD, standard deviation.
a	 Patients were initially part of a RCT of SRT.

TABLE 152  Patient demography characteristics – children

Patient characteristic

Gender

	 Male, n 10

	 Female, n 13

Age at recruitment (years)

	 Mean (SD) 6.46 (4.2)

	 Median (min.–max.) 5.44 (1.19–15.4)

Age at diagnosis (years)

	 Mean (SD) 2.67 (3.3)

	 Median (min.–max.) 1.30 (0.04–10.9)

Initial treatment

	 Not on SRT, n 15

	 SRT (miglustat), n 6

	 Clinical trial,a n 1

	 Missing, n 1

Age at starting SRT

	 Mean (SD) 7.64 (4.4)

	 Median (min.–max.) 7.93 (0.47–12.9)

Time on SRT (years)

	 Mean (SD) 0.84 (1.02)

	 Median (min.–max.) 0.36 (0–2.49)

max., maximum; min., minimum; SD, standard deviation.
a	 Patients were initially part of a RCT of SRT.
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Key markers of disease progression

The following measures were identified as key markers of disease progression:

■■ measures of CNS involvement
–– seizures/epilepsy
–– vertical supranuclear gaze palsy
–– ataxia
–– dystonia
–– dysarthia
–– swallowing difficulties
–– cataplexy

■■ height
■■ weight.

In addition, adults completed the SF-36, EQ-5D, FSS and the Service Use and Costs 
Questionnaire, whereas children or their carers completed the age-appropriate PedsQL 
questionnaire. Carers of children or adults were asked to complete the Service Use and Costs 
Questionnaire and the CSI.

Longitudinal models were fitted to assess relationships between continuous measures of function 
and length of time on SRT, after adjustment for age and clustering by centre. In the base models, 
the effect of time on SRT was treated as a linear effect because of the small number of data points. 
Further analysis was conducted to explore the possibility that time spent on SRT would have a 
non-linear effect on function. Patients contributed data points to the model both before and after 
starting SRT.

Summary of results

All analyses in NPC were hampered by a paucity of data related to both the small number of 
affected patients recruited and the lack of data recorded for key outcomes for a substantial 
proportion of these patients. This results in low power to detect any effects, and, for this reason, 
all analyses of NPC outcomes, with the exception of height and weight, were conducted using 
combined data from children and adults.

We examined potential associations between treatment and stature (height and weight) and 
several CNS measures. In addition, we examined the relationship between treatment and QoL 
assessed by either SF-36, EQ-5D or PedsQL depending on age. The effect of caring for someone 
with NPC was assessed using the CSI.

We found no statistically significant relationship between SRT and height or weight. Longitudinal 
effects of time on SRT could not be explored with the CNS measures as there were insufficient 
data. There were no statistically significant associations between any of the CNS measures and 
receiving SRT, apart from a statistically significant association with an increase in the number of 
cataplexic episodes on SRT.

Small but significant improvements were seen in SF-36 MCS and in the EQ-5D scale, with time 
on SRT. However, we found no statistically significant association between SRT and SF-36 PCS 
or with the CSI. There were insufficient data to explore the relationship between time on SRT and 
PedsQL or the FSS.



268 Results – Niemann–Pick disease type C (NPC)

Height in children

Children’s height measurements were converted to z-scores using 1990 UK norms261 with the 
Stata command ‘zanthro’. Fifty-four height measurements were recorded for 21 children (seven of 
whom were receiving SRT). The mean z-score was –0.79 (Table 153).

After adjusting for age and centre, time on SRT was not associated with a significant change in 
height centile (p = 0.98). No evidence was found for a non-linear association between height 
and time on SRT (edf = 1.13; p = 0.92) (Figure 98) although it is important to note that the data 
are sparse.

TABLE 153  The association between time on SRT and height z-scores in children with NPC (linear mixed-effects model)

NData

Estimate of change 
in height Standard error 95% CI p-value

Gender

	 Male 19 0.00

	 Female 35 0.67 0.72 –0.74 to 2.08 0.35

Current age

	 Linear effect/year –0.07 0.07 –0.21 to 0.07 0.32

Time on SRT

	 Linear effect/year –0.005 0.22 –0.44 to 0.43 0.98

Variance components

	 Individual 2.02

	 Centre 0.00

	 Residual 0.49
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FIGURE 98  The age-adjusted association between time on SRT and height z-scores in children with NPC (time on SRT 
treated as a continuous variable).
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Weight

We have weight measures for 21 children (seven of whom were receiving SRT), with 55 weight 
measurements recorded across all time points, ranging from 3 to 65.6 kg. Children’s weight 
measurements were converted to standardised z-scores against 1990 UK norms,261 adjusted for 
age and gender, using the Stata command ‘zanthro’. The mean z-score was –0.19 (Table 154).

After adjusting for age, time on SRT was not associated with a significant change in weight centile 
(p = 0.57). No evidence was found for a non-linear association between weight and time on SRT 
(edf = 1; p = 0.57) (Figure 99) although it is again important to note that the data are sparse.

TABLE 154  The association between time on SRT and weight z-scores in children with NPC (linear fixed-effects model)

NData

Estimate of change in 
weight Standard error 95% CI p-value

Gender

	 Male 19 0.00

	 Female 36 0.61 0.68 –0.72 to 1.94 0.38

Current age

	 Linear effect/year –0.04 0.06 –0.16 to 0.08 0.49

Time on SRT

	 Linear effect/year –0.12 0.20 –0.51 to 0.27 0.57

Variance components

	 Individual 1.85

	 Centre 0.00

	 Residual 0.38
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FIGURE 99  The age-adjusted association between time on SRT and weight z-scores in children with NPC (time on SRT 
treated as a continuous variable).
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Central nervous system measures

There were insufficient data to conduct analyses on the individual CNS measures, nor were 
we able to produce a composite measure. Below are the descriptive details for each outcome 
measure. In all cases, severity was scored on a scale of 0–4, where 0 represents normal and 4 
represents most severe symptoms (see Appendix 11, Clinical Record Form for NPC patients for 
further details). A longitudinal model for each of these CNS measures is shown in Table 155.

Seizures/epilepsy
Thirty-four recordings were collected for the occurrence of seizures/epilepsy across all time 
points. The mean number of seizures or epileptic fits was 1.26, range 0–4.

Sixteen of these data points are from patients taking SRT and the mean number of seizures was 
1.0, range 0–4. Eighteen data points are from patients not on SRT and the mean number of 
seizures in this group was 1.5, range 0–4.

Vertical supranuclear gaze palsy
Thirty-nine measures of severity of vertical supranuclear gaze palsy were recorded across all 
time points (mean = 2.33, range 0–4). Sixteen of these data points were from patients taking SRT 

TABLE 155  The association between time on SRT and CNS measures for people with NPC

Seizures/
epilepsy

Vertical 
supranuclear 
gaze palsy Ataxia Dystonia Dysarthia

Swallowing 
difficulties Cataplexy

Male 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Female 0.85 1.27 1.04 1.87 0.89 0.85 0.95

Standard error 0.8 0.51 0.52 0.62 0.43 0.51 0.46

95% CI –0.69 to 2.41 0.28 to 2.27 0.01 to 2.07 0.66 to 3.08 0.04 to 1.75 –0.15 to 1.85 0.04 to 1.87

p-value 0.28 0.02 0.053 0.005 0.04 0.10 0.04

Current age

Mean 
increment/year

–0.05 0.07 0.04 –0.03 0.04 0.03 –0.05

Standard error 0.03 0.02 0.02 0.04 0.01 0.02 0.03

95% CI –0.12 to 0.007 0.02 to 0.12 –0.002 to 0.08 –0.11 to 0.04 0.01 to 0.07 –0.01 to 0.06 –0.11 to 0.01

p-value 0.09 0.01 0.07 0.34 0.009 0.18 0.13

Time on SRT

Mean 
increment/year

0.41 –0.10 –0.10 0.15 –0.054 –0.09 0.44

Standard error 0.25 0.13 0.11 0.15 0.07 0.13 0.20

95% CI –0.09 to 0.91 –0.35 to 0.15 –0.33 to 0.11 –0.14 to 0.45 –0.19 to 
0.09

–0.35 to 0.17 0.05 to 0.84

p-value 0.12 0.43 0.35 0.33 0.46 0.51 0.03

Variance component

Individual 1.98 0.77 1.10 0.98 0.84 1.05 0.19

Centre 0.00 0.23 0.00 0.73 0.00 0.00 0.34

Residual 1.00 0.59 0.49 0.82 0.19 0.74 0.67
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(mean = 2.5; range 0–4) across all time points. Twenty-three data points were from patients not 
on SRT and the mean number of vertical supranuclear gaze palsy noted in this group was 2.2 
(range 0–4) across all time points.

Ataxia
Fifty-five measures of severity of ataxia were collected across all time points. The mean score was 
1.98 (range 0–4). There were 23 recordings for ataxia for patients taking SRT (mean = 1.35; range 
0–3) across all time points and 32 recordings for ataxia from patients not receiving SRT; the mean 
score for ataxia in this group was 2.44 (range 0–4).

Dystonia
Thirty-six measures of severity of dystonia were collected across all time points. The mean score 
for dystonia was 1.5 (range 0–4). There were 17 measures of dystonia for patients taking SRT. The 
mean score in this group was 0.88 (range 0–3) across all time points. There were 19 recordings for 
dystonia from patients not receiving SRT. The mean score in this group was 2.05 (range 0–4).

Dysarthia
Forty-eight measures of severity of dysarthia were collected across all time points; the mean score 
for speech problems was 1.18 (range 0–4). Sixteen of these data points were from patients taking 
SRT (mean = 0.87; range 0–2) across all time points. Thirty-two data points were from patients 
not on SRT and the mean score for dysarthia was 1.32 (range 0–4) across all time points.

Swallowing difficulties
Fifty-nine measures of severity of swallowing difficulties were collected across all time points 
(mean = 1.18; range 0–4). Twenty-two of these data points were from patients taking SRT 
(mean = 0.64; range 0–2). Thirty-seven data points were from patients not on SRT, with a mean 
score of 1.35 (range 0–4).

Cataplexy
Thirty-three measures of severity of cataplexy were collected across all time points. The mean 
score was 1.39 (range 0–4). Sixteen of these data points were from patients taking SRT and the 
mean score was 1.5, range 0–3, across all time points. Seventeen data points were from patients 
not on SRT and the mean score was 1.29 (range 0–4) across all time points.

After adjusting for age, the only significant change associated with time on SRT was an increase 
in the number of cataplexic episodes (p = 0.03).

Quality-of-life assessments

SF-36
Twelve SF-36 questionnaires were collected from adult NPC patients. Table 156 shows a 
descriptive summary of PCS and MCS by type of treatment.

As can be seen Table 157, the PCS was not significantly associated with age (p = 0.57) or time on 
SRT (p = 0.47). The MCS was not significantly associated with age (p = 0.41) but was significantly 
associated with time on SRT (p = 0.02), suggesting an improvement in mental functioning for 
patients on SRT.
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EQ-5D
In addition to the SF-36, participants aged ≥ 13 years were invited to complete the EQ-5D. 
Twenty-two EQ-5D questionnaires were completed across all prospective time points. Data are 
presented in Table 158 for the EQ-5D score (range –0.59 to 1.0) with 1.0 being ‘perfect health’.

A longitudinal model was fitted to assess the linear relationship between EQ-5D and time on 
SRT, after adjusting for age.

TABLE 156  SF-36 items scores in people with NPC 

Time PCS MCS

Overall

Mean (SD) 36.7 (12.4) 49.7 (13.4)

n 12 12

SRT patients

Mean (SD) 35.12 (11.1) 48.0 (16.4)

n 8 8

Untreated

Mean (SD) 37.9 (14.8) 47.4 (7.72)

n 4 4

SD, standard deviation.

TABLE 157  The association between time on SRT and the SF-36 PCS and MCS for people with NPC

PCS MCS

Male 0.00 0.00

Female –17.5 –8.23

Standard error 7.14 10.2

95% CI –31.5 to –3.53 –28.3 to 11.8

p-value 0.03 0.44

Current age

Mean increment/year 0.23 –0.49

Standard error 0.40 0.58

95% CI –0.55 to 1.03 –1.65 to 0.65

p-value 0.57 0.41

Time on SRT

Mean increment/year –0.95 2.18

Standard error 1.29 0.82

95% CI –3.48 to 1.57 0.57 to 3.80

p-value 0.47 0.02

Variance component

Individual 68.6 194.7

Centre 0.00 0.00

Residual 22.4 0.71
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The linear model showed a small but significant reduction in EQ-5D with age (p = 0.05) and a 
significant increase in EQ-5D with time on SRT (p = 0.02)

There was some evidence for a non-linear association between the EQ-5D score and time on SRT 
(edf = 1.0; p = 0.02) (Figure 100), although it is important to note that the data were very sparse.

Equivalent modelling analyses were also conducted using SF-6D (SF-36-derived) utility weights, 
but no statistically significant associations (at α = 0.05 level) were found with time on ERT 
although, again, the data were very sparse. The tabulated results of the SF-6D longitudinal 
modelling analyses are available on request from the study authors.

TABLE 158  The association between time on SRT and EQ-5D scores in people with NPC (linear mixed-effects model)

NData Estimate of increment in EQ-5D Standard error 95% CI p-value

Gender

	 Male 13 0.00

	 Female 9 –0.84 0.23 –1.29 to –0.38 0.002

Current age

	 Linear effect/year –0.02 0.01 –0.04 to –0.0004 0.05

Time on SRT

	 Linear effect/year 0.09 0.04 0.01 to 0.17 0.02

Variance components

	 Individual 0.11 0.11

	 Centre 0.00 0.00

	 Residual 0.012 0.03
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FIGURE 100  The age-adjusted association between time on SRT and EQ-5D scores in adults with NPC (time on SRT 
treated as a continuous variable).
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EQ-5D visual analogue scale
In addition to scoring on the five domains of the EQ-5D, participants were asked to rate their 
health on a VAS. The EQ-5D VAS asks people to rate their health state on a 10-cm line from 
0, ‘worst imaginable health state’, to 100, ‘best imaginable health state’. The 20 VAS scores 
completed for this study ranged from 4 to 98. A longitudinal model was fitted to assess the linear 
relationship between the visual analogue score and time on SRT after adjusting for age.

The linear model shown in Table 159 shows no significant association in EQ-5D with age 
(p = 0.31) or with time on SRT (p = 0.75).

No evidence was found for a non-linear association with EQ-5D VAS and time on SRT (edf = 1; 
p = 0.75) (Figure 101), although it is important to note that the data are very sparse.

TABLE 159  The association between time on SRT and EQ-5D VAS in adults with NPC (linear mixed-effects model)

Estimate of increment in EQ-5D VAS Standard error 95% CI p-value

Gender

	 Male 0.00

	 Female –38.6 14.1 –66.2 to –10.9 0.01

Current age

	 Linear effect/year –0.75 0.71 –2.14 to 0.64 0.31

Time on SRT

	 Linear effect/year 0.78 2.44 –4.0 to 5.56 0.75

Variance components

	 Individual 286.6

	 Centre 83.5

	 Residual 41.3
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FIGURE 101  The age-adjusted association between time on SRT and EQ-5D VAS in adults with NPC (time on SRT 
treated as a continuous variable).
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PedsQL
Fifteen PedsQL questionnaires completed by children or their carers were collected. Table 160 
shows a descriptive summary of the total score and the scores from the component scale scores 
by type of treatment.

There were insufficient data across time points to fit longitudinal models for the PedsQL data.

Fatigue Severity Scale
Eight FSS questionnaires were completed by seven patients prospectively. The scores ranged from 
1.22 to 7.0. There were not enough data to carry out further analysis.

Carer Strain Index
Seventeen CSI questionnaires were completed across all prospective time points. Data for the 
CSI total score ranged from 4 to 23; the maximum possible score is 26. A longitudinal model was 
fitted to assess the linear relationship between the CSI and time on SRT, after adjusting for age 
(Table 161).

TABLE 160  PedsQL scores in children with NPC 

Physical 
functioning

Emotional 
functioning

Social 
functioning

School 
functioning

Psychosocial health 
summary score

Physical health 
summary score Total score

Overall

Mean (SD) 49.9 (37.4) 58.7 (27.2) 51.9 (32.4) 39.2 (22.9) 43.1 (23.1) 49.9 (37.4) 39.9 (24.5)

n 15 15 14 8 8 15 8

Not on treatment

Mean (SD) 62.6 (43.1) 66.1 (31.4) 72.4 (28.3) 46.6 (33.1) 53.4 (30.0) 62.6 (43.1) 49.0 (33.8)

n 9 9 9 4 4 9 4

SRT

Mean (SD) 40.7 (27.2) 51.5 (19.4) 28.6 (12.3) 34.1 (13.0) 36.8 (15.6) 40.7 (27.2) 35.2 (14.5)

n 6 6 5 4 4 6 4

SD, standard deviation.

TABLE 161  The association between time on SRT and the CSI for carers of people with NPC 

Estimate of increment 
in CSI Standard error 95% CI p-value

Gender

	 Male 0.00

	 Female 2.99 4.03 –4.91 to 10.8 0.47

Current age

	 Linear effect/year 0.00 0.00

Time on SRT

	 Linear effect/year 1.38 1.99 –2.52 to 5.28 0.50

Variance components

	 Individual 33.3

	 Centre 0.0

	 Residual 0.0
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The linear model shows no significant association in score on the CSI with gender of the person 
they are caring for (p = 0.47) or with time on SRT (p = 0.50).

Safety and complications

Of the 36 participants with NPC in this study, no patients reported that they had experienced 
AEs (febrile reactions, anaphylactic reactions, pre-medication or positive antibody status).

During the period of data collection one patient stopped SRT with no specific reason given and 
no NPC patients died from disease-related complications.

Cost of substrate reduction therapy in people with NPC

Table 162 shows the current unit purchase cost to the NHS of the SRT miglustat.

Table 163 shows the NSCT-estimated annual NHS per patient cost of providing these drugs.  
Note that these costs include both the drug costs and home-care costs where the NSCT 
fund them.

Cost of care for adults with NPC

Total care cost – financial burden of NPC
Table 164 shows the estimated annual cost to the NHS and publicly funded social-care services 
of caring for an adult with NPC, although this is only based on 21 annual data points from 12 
patients. Of the estimated mean per patient annual cost of £3800, only about one-quarter is as 
a result of NHS hospital services used. Of this, about two-fifths (£410 per patient per year) is 
from inpatient stays, whereas almost all of the remainder costs (£590) are from outpatient visits 
(see Table 165). Of the £2800 per patient per year from using services outside of hospital, < £60 is 
owing to GP visits and > £2400 is as a result of regular visits from ‘care attendants’ (see Table 166).

TABLE 162  Unit cost of SRT for NPC

Drug full name
Proprietary name 
and unit

2011 base price per 
unit (£)

Miglustat (SRT) Zavesca®, 100 mg 46.84

Source: data kindly supplied by the NSCT, in December 2011.

TABLE 163  Annual NHS cost per patient for SRT for NPC (2011)

Drug Adults Children

Miglustat £94,108 £48,627

Source: data kindly supplied by the NSCT, in January 2012. The data 
are the full year average costs for those patients taking miglustat at 
the end of December 2011.
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Cost breakdown by hospital- and community-based services
Tables 165 and 166 show the cost breakdown of the hospital and community (non-hospital) 
services and professionals used by adults with NPC. Only 3 of the 21 patient-years, or about 
14% of the years for which we had valid service-use data, had hospital stays as inpatients, and 
this accounted for about two-fifths of the NHS hospital costs in NPC adults. In contrast, for over 
two-thirds (71%) of patient-years there was at least one hospital outpatient attendance during the 
previous 12 months.

The majority of costs related to using community-based services were as a result of the two or 
three adults with NPC who reported using care attendants. They accounted for £2400 of the 
£2800 annual per patient cost of services used outside of hospital. Although over half of the adult 
NPC patient-years had involved seeing a GP at least once during the past year, and over one-third 
involved seeing a practice nurse at a GP surgery, these accounted for < £60 of the £3800 annual 
per patient cost of NHS and publicly funded social-care services consumed. Other support 
providers used by smaller proportions of adults with NPC were district nurses, psychiatrists, 
occupational therapists, community support workers, social workers and community mental 
health nurses (see Table 165).

TABLE 164  Estimated annual care costs of adult patients with NPC (all available data points)

Type of service
No. with valid 
resource use data

Per cent of all 
at study entry

No. who used this 
type of service (%)

Mean 
cost (£)

Standard 
deviation

Median 
costa (£)

Interquartile 
rangea (£)

Hospital services 21b 52 16 (76) 1000 1402 1000 300–1400

Services outside hospital 21b 52 18 (86) 2800 7825 380 150–1700

Total health (NHS) and 
social-care cost

21b 52 19 (90) 3800 7877 1100 530–3100

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use). 

b	 These data are not baseline data: they are from five patients with data from one visit, five patients with data from two visits and two patients 
with data from three visits.

TABLE 165  Breakdown of the cost of NHS hospital services (adults with NPC)

Type of hospital care
No. who used this 
type of service (%) Mean cost (£) Standard deviation Mediana cost (£)

Interquartile  
rangea (£)

Inpatient stays 3 (14) 410 1284 1900 1100–5600

Outpatient visits 15 (71) 590 540 940 300–1000

Day cases 0 0 0 0 N/A

Accident and emergency 
visits

4 (19) 29 74 100 100–310

Total hospital (NHS) care 
cost

16 (76) 1000 1402 1000 300–1400

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).
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All of the resource use and cost findings relating to adults with NPC should be treated with 
considerable caution because of the small number of patients for whom we have data.

Cost of care for children with NPC

Total care cost – financial burden of NPC
Table 167 shows the estimated annual cost to the NHS and publicly funded social-care services of 
caring for a child with NPC, based on the 19 patients whose parents or carers provided service-
use data at study entry (8 males, mean age 6.6 years, age range 1.2–15.4 years). Of the estimated 
mean per patient annual cost of £4200, over three-quarters is due to NHS hospital services used. 

TABLE 166  Breakdown of the cost of NHS and social-care services outside hospital (adults with NPC)

Care provider
No. who used 
this provider (%) Mean cost (£)

Standard 
deviation Median costa (£)

Interquartile 
rangea (£)

GP visits (including home visits) 11 (52) 51 73 110 14–180

GP nurse appointments 8 (38) 3 5 5 3–10

District nurses 3 (14) 24 64 192 96–220

Community mental health nurse 3 (14) 14 36 72 72–140

Other nurse or health visitor 3 (14) 45 137 260 88–590

Counsellor 0 0 0 0 0–0

Other therapist 2 (10) 14 54 0 37–250

‘Alternative’ medicine or therapy 0 0 0 0 N/A

Psychologist 1 (5) 1 6 27 N/A

Psychiatrist 2 (10) 55 231 580 94–1100

Other community-based doctor 1 (5) 5 22 99 N/A

Occupational therapist 9 (43) 26 49 39 19–160

Social worker 6 (29) 150 350 400 110–950

Home help 4 (19) 270 764 1450 100–2600

Care attendant 3 (14) 2400 7863 18,300 65–32,000b

Community support worker 2 (10) 20 69 210 110–300

Housing worker 0 0 0 0 0–0

All non-hospital NHS and social-care 
providers

18 (86) 2800 7825 380 150–1700

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).
b	 This person with NPC reported having 4 hours of care attendant help on 320 days of the previous year.

TABLE 167  Estimated annual care costs of child patients with NPC (all available data points)

Type of service

No. with valid 
resource use 
data

Per cent of 
all at study 
entry

No. who used 
this type of 
service

Mean cost 
(£)

Standard 
deviation

Median 
costa (£)

Interquartile 
rangea (£)

Hospital services 19 82 12 3300 4926 5700 990–7500

Services outside hospital 19 82 19 940 1240 210 130–1300

Total health (NHS) and 
social-care cost

19 82 19 4200 5351 1100 300–5400

a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 
service use).
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Of this, > 80% (£2600 per patient per year) is from inpatient stays, whereas almost all of the 
remainder costs (£550) are from outpatient visits (see Table 168). Of the £940 per patient per year 
from using services outside of hospital, only £200 per patient is as a result of GP visits and a wide 
range of other health- and social-care professionals are used by some children with NPC, for both 
physical and mental health problems (see Table 169).

Cost breakdown by hospital- and community-based services
Tables 168 and 169 show the cost breakdown of the hospital and community (non-hospital) 
services and professionals used by children with NPC. Eight of the 19 patients had hospital stays 
as inpatients, and this accounted for 80% of the NHS hospital costs in NPC children. Five of these 
children received inpatient care during the year costing > £5000 and one child incurred inpatient 

TABLE 168  Breakdown of the cost of NHS hospital services (children with NPC)

Type of hospital care
No. who used this 
type of service Mean cost (£)

Standard 
deviation Median cost (£)

Interquartile 
range (£)

Inpatient stays 8 2600 4678 5900 940–10,300

Outpatient visits 6 550 970 1600 990–2000

Day cases 2 70 210 670 670–670

Accident and emergency visits 1 5 24 100 N/A

Total hospital (NHS) care cost 12 3300 4926 5700 990–7500

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).

TABLE 169  Breakdown of the cost of NHS and social-care services outside hospital (children with NPC)

Care provider
No. who used 
this provider Mean cost (£)

Standard 
deviation Median cost (£)

Interquartile 
range (£)

GP visits (including home visits) 19 200 227 130 68–220

GP nurse appointments 7 3 7 5 3–18

District nurses 2 16 48 150 130–170

Community mental health nurse 0 0 0 0 N/A

Other nurse or health visitor 6 93 160 310 180–440

Counsellor 0 0 0 0 N/A

Other therapist 6 100 280 130 50–440

‘Alternative’ medicine or therapy 0 0 0 0 N/A

Psychologist 6 58 123 120 81–240

Psychiatrist 1 30 130 570 N/A

Other community-based doctor 3 54 159 280 82–650

Occupational therapist 10 71 117 110 29–200

Social worker 4 110 244 590 150–740

Home help 2 14 48 140 75–200

Care attendant 0 0 0 0 N/A

Community support worker 1 190 826 3600 N/A

Housing worker 0 0 0 0 N/A

All non-hospital NHS and social-care 
providers

19 940 1240 210 130–1300

N/A, not applicable.
a	 Median and interquartile range are of those who reported using this type of service (i.e. excluding those with zero costs for this category of 

service use).
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costs of > £16,000 (due to respite care and a gastrostomy operation). Six of the NPC child patients 
reported having at least one hospital outpatient attendance during the previous 12 months, with a 
median annual outpatient cost of £1600 for these children.

The costs related to using community-based services or care professionals were due to a wide 
range of services used, including GPs, general practice nurses, health visitors, social workers, 
other therapists (mostly physiotherapists), other doctors (paediatricians), psychologists and 
psychiatrists (see Table 169). Although all of the child NPC patients had seen a GP at least once 
during the past year, and over one-third reported seeing a practice nurse at a GP surgery, these 
two services accounted for only £200 of the £4200 annual per patient cost of NHS and publicly 
funded social-care services consumed.

Association of time on enzyme replacement therapy and costs of caring for 
patients with NPC

From the longitudinal regression modelling of costs in child patients with NPC, the models 
did not converge, and so no reliable estimation of the association between time on SRT and 
costs could be made. In adult patients with NPC, although there was a statistically significant 
association between hospital costs and time on SRT (costs 27% lower; 95% CI 12% to 41%; 
p = 0.002), this was based on only 21 data points from 12 patients (only six with data from more 
than one time point). This result should therefore be interpreted with considerable caution, as it 
may be mainly because of the three high-cost patients (hospital costs > £2000 per year) who were 
not on SRT during the study. The tabulated results of these analyses are available on request from 
the study authors.

Discussion of NPC results

Niemann–Pick disease type C is an autosomal recessive disorder characterised by progressive 
neurological deterioration leading to premature death. The disease is characterised by impaired 
intracellular lipid transport and build-up of lipids in various tissues, particularly the brain. 
Miglustat is the only approved therapy for patients with NPC. It has been approved in the EU for 
the treatment of progressive neurological manifestations in adult patients and paediatric patients 
with NPC.

Existing estimates of the effectiveness of SRT in NPC, summarised in Table 9, are based on 
the results of one RCT,212 two open-label extension studies of that RCT213,214 and several case 
reports.206–211,215 The strongest evidence is provided by the trial reported by Patterson and 
colleagues,212 a randomised, placebo-controlled trial comprising 29 patients aged ≥ 12 years (20 
on SRT and 9 control subjects) with 52 weeks’ follow-up. Twelve children (< 12 years old) were 
also included but all received miglustat. The treated group in the RCT showed an improvement in 
horizontal saccadic eye movements compared with patients receiving standard care; results were 
significant when patients taking benzodiazepines were excluded. Improvements in swallowing 
ability and stabilisation of auditory acuity and ambulation were reported in treated patients 
≥ 12 years old. The additional child cohort also reported an improvement (compared with 
baseline) in horizontal saccadic eye movement. The other studies all suggest improvements (or 
stabilising of outcome) across a number of outcomes over time in patients treated with miglustat, 
although these are less straightforward to interpret given the lack of an untreated comparator.

In this study, we examined potential associations between SRT and stature (height and weight), 
several CNS measures and QoL. These analyses depend on the fact that patients began treatment 
with miglustat at different ages dependent on the time that the drug became available. Clearly 
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there is considerable potential for confounding, particularly by severity with those with more 
severe disease being diagnosed and beginning treatment earlier.

We found no statistically significant relationship between time on SRT and height or weight. Of 
the CNS measures studied the only statistically significant association with treatment was an 
increase in the cataplexy score. There were small but statistically significant associations with 
time on SRT and the EQ-5D score and MCS of the SF-36. No association was seen in PCS of the 
SF-36 or the CSI. There were insufficient data to analyse the effect of SRT on the PedsQL.

As previously described, all analyses in NPC were hampered by a paucity of data. Not only were 
we able to recruit only a relatively small number of patients but for many of those recruited, data 
were lacking for key outcomes. This occurred despite the outcomes chosen being those that the 
clinical collaborators believed to be the best measures of disease progression and measures which 
they believed would be recorded for the vast majority of patients at each regular clinical contact. 
It is not clear to what extent this reflects the tests not being carried out or being performed but 
not recorded. This lack of data means that we have low power to detect treatment effects.

Costs associated with NPC
As with all other conditions investigated in this study, we were keen to capture the wider costs of 
care falling on the public sector in addition to the costs associated with SRT.

Based on patients’ self-reported health- and social-care service use, the annual cost of caring for 
people with NPC, excluding the purchase cost of SRT, was estimated at £3800 for an adult and 
£4200 for a child. These costs, however, are dwarfed by the cost of the therapies; the mean annual 
cost of SRT for adults with NPC is £94,108 and £48,627 for children with NPC.

From the longitudinal regression modelling of costs, there was no statistically significant 
association (i.e. p-value < 0.05) between time on SRT and either total NHS and social-care costs, 
hospital-care costs, or non-hospital-care costs for patients with NPC. The tabulated results of 
these analyses are available on request from the study authors.

Owing to these high associated costs, and the lack of measureable effect of SRT on either 
clinical outcomes or HRQoL measures, it was infeasible to conduct either a cost-effectiveness 
or cost–utility analysis. As they apply to all six LSDs, the limitations of these cost estimates are 
summarised and discussed in Chapter 9.
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Chapter 9  

Discussion

Lysosomal storage disorders are all individually rare and, although the effects vary greatly 
between and within conditions, the consequences can be extremely severe and life-shortening 

for many of those affected. Against this background it is perhaps unsurprising that where 
treatments become available it has generally proven difficult to mount long-term, high-quality, 
placebo-controlled RCTs.

Over the last two decades, exogenous ERT has become available for a number of these conditions. 
Although the safety of these treatments has been reasonably well documented,102,104,147,148,164,167,187 
the evidence of efficacy is much weaker. Most trials conducted to date have included relatively 
small numbers of patients and have relied primarily on biochemical markers or other surrogate 
outcome measures or have relied on data from uncontrolled studies. The evidence on efficacy 
of ERT in Gaucher disease, Fabry disease and MPS I was well summarised by Connock and 
colleagues in 2006.18,19 These treatments are expensive and place a considerable burden on 
patients and carers, but current evidence provides limited information on the relative costs and 
benefits, or on questions such as the effects of starting (or stopping) therapy at different points in 
the disease course.

This study aimed to improve our estimates of effectiveness and costs by conducting an 
observational, multicentre, cohort study among patients with LSDs receiving treatment in the 
seven NSCG-designated centres for the treatment of LSDs (Addenbrooke’s Hospital Cambridge, 
Birmingham Children’s Hospital, University College London Hospitals, Great Ormond Street 
Hospital for Children, Royal Free Hospital London, Salford Royal Hospital and Royal Manchester 
Children’s Hospital) in England. We collected clinical data retrospectively and prospectively 
from patient records and QoL, carer burden and service-use data directly from patients and 
their families.

The results of our analyses for each condition are discussed in the relevant chapters. The degree 
to which our data can provide useful information regarding the effects of ERT varies between the 
six conditions studied, primarily reflecting the numbers of patients with each condition.

The data strongly reinforce the conclusions of previous research that ERT is effective in mitigating 
the effects of Gaucher disease as assessed by surrogate outcomes such as Hb and platelet counts 
and liver and spleen size. The estimates of the effects provided for clinically important outcomes 
such as bone pain, fatigue and QoL are less precise because of the paucity of data.

For Fabry disease, the commonest of the conditions we assessed, we were able to conclude with 
considerable confidence that the use of ERT is associated with significant improvements in both 
cardiac and renal manifestations of the condition and found some evidence that it is associated 
with a decreased impact of pain on QoL. We found no evidence that ERT is associated with 
a decrease in the risk of strokes or TIA. Our data suggested that the duration of ERT use was 
associated with a worsening of Qol scores and of fatigue. It is unclear whether this association is 
causal or whether it reflects confounding in a heterogeneous condition in which age at diagnosis 
(and hence possibly treatment initiation) may be associated with intrinsic severity.
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There are two preparations available for the treatment of Fabry disease, agalsidase alpha and 
agalsidase beta, and there has been considerable debate regarding their relative effectiveness. The 
decision as to which of these was prescribed for an individual patient was largely determined 
by the consultant who was responsible for commencing treatment. We found no statistically 
significant difference in the magnitude of the association between ERT and any outcome 
dependent on which preparation was prescribed.

For the other conditions studied we were able to recruit only relatively small numbers of patients 
and consequently have little power to estimate clinical effects. We recruited only 12 patients 
with infantile-onset Pompe disease, all of whom received treatment with ERT from the time of 
diagnosis. This meant that we could not reliably estimate the associations between the use of ERT 
and clinical outcome. The magnitude of the effect of ERT reported in a previous comparison of 
these patients with historical controls193 provides strong evidence of efficacy, although the long-
term prognosis remains poor, reflected in the finding here that 4 of 11 patients had restricted 
mobility and 4 of 11 were ventilator dependent by the age of 5 years. In patients with adult-onset 
Pompe disease, we did find evidence of an association between use of ERT and the distance 
patients could walk and their muscle test scores, but not with a range of other clinical outcomes, 
nor with QoL or fatigue scores. The estimates of all of these associations were imprecise owing to 
the limited data available.

Our sample included only 24 patients with MPS I who received ERT, providing little power 
to estimate its effects on clinical outcomes or QoL. Although we found no evidence of an 
association between ERT and any outcome measures, the estimates of effect are imprecise 
therefore limiting interpretation. Similarly, among patients with MPS II, the small number of 
patients recruited and limited availability of data on key outcomes for those included provided 
little power. A statistically significant association between use of ERT and children’s height was 
seen but we found no other statistically significant associations. For both conditions the apparent 
lack of association between ERT and positive clinical outcomes needs to be interpreted with 
considerable caution owing to the paucity of data.

Analyses of the association between the use of SRT and clinical outcome in people with NPC 
were similarly hampered by both the small numbers recruited and the lack of data regarding 
key outcomes for those who did participate. No statistically significant associations were found 
between use of SRT and clinical or QoL outcomes, but these findings need to be interpreted in 
light of the lack of power available.

Costs associated with lysosomal storage disorders

Much of the past discussion regarding the costs associated with having a LSD has concentrated 
on the substantial costs associated with ERT. In this study we aimed to capture, in addition, the 
wider costs within the public sector. Based on self-reported health- and social-care service use 
within this study, the public sector annual cost of caring for people with LSDs – but excluding 
the purchase cost of ERT or SRTs – varies from just > £3000 to nearly £12,000 for adults and from 
£1300 to £18,600 for children. Although the care of patients with Gaucher disease, Fabry disease 
and NPC costs ≤ £4000 per year, care costs are > £10,000 for adults with MPS II and children with 
Pompe disease, and > £18,000 for children with MPS I. For all LSDs, on average, hospital care 
accounted for a higher proportion of all care costs for children than for adults.

It is important to acknowledge that these costs are dwarfed by the costs of ERT. For adults with 
LSDs the annual cost of ERT is between 30 and 45 times the estimated annual cost of other 
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treatments and care, whereas for children the annual cost of ERT is between 37 and 66 times the 
estimated annual cost of other treatments and care.

In this study we were unable to clearly demonstrate the effectiveness of ERT consistently across 
both clinical domains and HRQoL in any of the LSDs. It is, however, possible to conduct a crude 
threshold analysis based on the annual cost of providing ERT to adults or children with each LSD 
– which is known with reasonable certainty. In MPS I, MPS II or Pompe disease, the mean annual 
per patient NHS cost of receiving ERT is between £258,000 and £538,000 for adults, and between 
£122,000 and £314,000 for children. In Gaucher disease and Fabry disease the annual NHS cost 
of ERT varied between £79,000 and £188,000, depending on child or adult status and on specific 
ERT (see Appendix 18).

Currently in England and Wales, there is a maximum willingness-to-pay threshold for a QALY 
which is conventionally used by NICE for informing its guidance on health technologies. When 
judging the cost-effectiveness or value for money to the NHS of drugs or medical devices, 
anything with an implied cost of new QALYs of > £30,000 per QALY is generally deemed to not 
be cost-effective.

Combined with the current annual price to the NHS of the different ERTs, 3.6 and 17.9 
discounted QALYs would need to be generated for each year of being on treatment in order 
for them to be considered cost-effective (or between 2.6 and 10.5 discounted QALYs for 
child patients). The effectiveness of ERT in adults and children with MPS-II would have to 
be particularly high in order to justify the very high current costs of ERT in this LSD. These 
estimates are shown for all LSDs in Appendix 19.

Study strengths and limitations

Intrinsic limitations of observational data
There are inevitable weaknesses in the use of observational data to assess efficacy. Key among 
these is the difficulty in controlling for confounding by variables related to the intrinsic severity 
of the conditions. This is a particular issue in conditions such as LSDs which are heterogeneous in 
their manifestations. In this study we aimed to make use of the fact that the primary determinant 
of when during the course of their disease older patients began the use of ERT was the time 
when the therapy became available. There is however scope for this to be confounded both by the 
severity of the condition leading to differences in the age at recognition and in differences in the 
age at which clinical decisions regarding initiation of treatment are made.

It is also important to recognise the potential impact in the analyses of differential attendance 
at participating centres. Although all those receiving ERT are invited to appointments at least 
annually, actual attendance is lower. It is likely that this attendance will be related to differences 
in outcome. This may be further complicated by the lack of completeness we found in data 
collection and recording of key outcomes among those who did attend which again may be 
related to clinical condition. Finally, although the collection of retrospective data from the 
patients’ medical records increased our ability to examine the natural history of treated and 
untreated conditions, there may well have been changes over time in both which tests are carried 
out and how they are performed.

Difficulties in recruitment
At the start of the study we identified 1106 potentially eligible patients across the six conditions 
included. Of these, the consultants responsible for their care decided that 133 (12%) were in some 
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way too vulnerable to be approached, leaving 973 potential participants. Of these, 758 (77.9%) 
were approached and asked whether or not they would be prepared to participate.

We recognised that there was considerable suspicion within the patient community that the 
findings of this study might be used to withdraw treatment which they valued. This suspicion had 
been exacerbated by the findings of a previous review funded by the HTA which concluded that 
whatever assumptions were made regarding effectiveness, the high costs of the drugs meant that 
ERT was unlikely to meet conventional thresholds for cost-effectiveness. The research team made 
strenuous efforts to work with the patient support groups in the design of the study to reassure 
them about the nature of the study. These efforts were largely successful and these groups made a 
major contribution to the design of the study, including the design of information leaflets, and to 
publicise the study among their members. In large part because of this assistance the number of 
eligible people asked to participate who refused consent was small (47/758, 6.2%).

As seen from these figures, a major problem with recruitment was the failure to ask potentially 
eligible patients whether or not they would be prepared to take part. The clinical co-applicants 
were clear that consent for participation be obtained by either a doctor or nurse. We had 
considerable difficulty recruiting and retaining research nurses in the study and for about 50% of 
the time, we had non-clinical research analysts rather than nurses based in the treatment centres. 
During these periods consent had to be obtained by the consultants. This process was variably 
successful as it was dependent on the consultant concerned both being aware that a particular 
patient had not yet been recruited and having sufficient time available during clinic to go 
through the consent process. The problem of recruitment was further compounded by one centre 
where the research nurse left part way through the study and the centre was unable to provide 
accommodation for a replacement nurse thereafter leading to the cessation of further recruitment 
in that location.

Recruitment was also hindered by the fact that, although all patients are offered appointments 
at least once per year, they are drawn from very large geographical areas and actual clinic 
attendance is less frequent for many patients. This meant that for many patients if one 
opportunity for recruitment was missed, no further opportunities would present themselves 
during the course of the study.

Data quality
Clinical data fields were agreed within the management team working within disease-specific 
groups. The clinicians from the seven sites were asked to identify which measures they believed 
would most reliably reflect disease progression and would be available and recorded in the notes 
for most patients as part of routine clinical assessment. They were also asked to consider whether 
common or equivalent approaches to assessment of each measure were carried out at the seven 
participating centres.

The process of refining a universal minimal data set for each condition was hampered by 
differences of opinions between the clinical co-applicants, and different working practices at 
each of the treatment centres. While each centre practised in accordance with the national 
guidelines,216–220 the exact series of tests and investigations carried out differed from centre to 
centre, such that the final set of clinical measures contained some tests and investigations which 
were not conducted at all sites.

The nurses and researchers at each site were required to collect a broad spectrum of clinical 
information from medical notes, much of which was not available within the patient’s main set 
of hospital records but held in differing clinical departments within the Trust. This made the data 
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collection process (and in particular the retrospective data collection process) much slower and 
more prone to error than had been anticipated.

It became clear that for many of the agreed clinical outcome measures these were in fact 
either not assessed, or were assessed but not recorded in the clinical notes in a fashion which 
could easily be retrieved. This included not merely the results of the more complex tests or 
investigations but even in some cases simple clinical observations such as height in children or 
the presence or absence of hepatosplenomegaly. Our inability to extract data on key outcomes 
was a particular problem for retrospective data points where very large amounts of data were 
missing. The consequence is that we had far less data available than we would have anticipated 
from the numbers of patients recruited.

Strengths and limitations of cost data and analysis
The health- and social-care service-use data have been collected using a well-established 
self-completion questionnaire, the CSRI,233 which was used across all the LSDs in the study, 
and which had been amended in various ways to be more suitable for people with LSDs and 
the spectrum of services and professionals that they might use (on advice from the family 
associations/patient support groups). The data collected also included self-reported costs and 
resource use falling on patients and their families or informal carers, and other wider ‘economic 
impacts’ such as lost days of school or work owing to health problems (although these costs and 
impacts have not been reported in this report). Hospital and other service-use data have been 
costed using the most reliable and up-to-date national sources of unit costs available in the UK 
(e.g. NHS reference costs 2009–2010239 and the PSSRU’s Unit Costs of Health and Social Care 
2010240), with the data carefully cleaned and checked for anomalies in SPSS.

The cost of care results should be interpreted in light of the self-reported (i.e. recalled) nature 
of the service-use data; the often small samples of patients or parents who provided service-use 
data at study entry for some LSDs; and that those patients who supplied health- and social-care 
service-use data were a smaller, and possibly atypical, subset of all patients recruited to the study 
in each LSD.

No self-report service-use data can be assumed as entirely valid and reliable, especially if there 
is no other routine or administrative data source against which to check the accuracy. However, 
research in adults suggests that patient self-report agrees closely with service or provider records 
for hospital use, with recall periods of up to 6 months, but that for medication and other care 
products patient recall can be quite incomplete.278 Furthermore, for people with LSDs, the types 
of health/care service use that accounted for the majority of the mean care costs were either long 
inpatient hospital stays or regular (e.g. 26 or 52 times a year) social-care or nursing visits; and 
so recall of such service use should hopefully be more reliable than for more intermittent and 
shorter (and therefore less costly) episodes of care.

In addition, there were some specific shortcomings of the questionnaire which its piloting did not 
reveal, and which may have affected the reliability of some aspects of the results. Most notably, 
there was no specific question about the number and duration of ERT or other infusion sessions 
received outside hospital. Consequently, patients appeared to report these sessions under a 
variety of service headings (e.g. as multiple visits by ‘other nurse or health visitor’ or by ‘care 
attendants’, or even occasionally as ‘alternative medicine or therapy’). Because of the similarity 
of hourly pay rates attached to these different types of nurse or carer, the overall impact on the 
estimated care costs should not be great. However, not knowing for certain whether or not they 
were for ERT infusions (or other regular infusions or treatments) means that it is difficult to 
estimate a care cost excluding ERT infusion or home care costs. This is important because for 
some drugs the ERT infusion sessions are paid for by the drug manufacturer (and are nominally 
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included in the drug price; Julie Partridge, NSCT, January 2012, personal communication from 
the NSCT, 10 January 2012). So, without complete data on which regular nursing visits were 
definitely for ERT infusions, summing the estimated costs of care in a given LSD with the drug 
costs of ERT for that LSD might be double-counting the cost of providing the ERT sessions.

Similarly, the questionnaire did not separately ask how many annual or biannual LSD consultant 
checks/monitoring days had been attended; nevertheless, this should have still been captured 
in their reporting under either outpatient appointments or day cases. Also, the questionnaire 
responses of study participants indicated that the standard types of hospital visit (inpatient 
admission, outpatient appointments or day case admissions) are not easily distinguishable for 
patients regardless of how well the question is worded. Yet these are the categories of patient care 
episodes which all hospitals use and which are the basis of national data sets of unit costs.
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Chapter 10 

Conclusion

This study provides further evidence on the effectiveness of ERT for people with Gaucher 
disease, Fabry disease and Pompe disease and in people with MPS I and MPS II. However, 

the estimates of effectiveness (and hence cost-effectiveness) remain imprecise, particularly for the 
less common conditions. There is little strong evidence on the effectiveness of starting or stopping 
therapy at different points in the course of the condition. This information is needed both to 
guide clinical policies and so that people with the condition and their carers can make rational 
decisions about treatment options. 

It is in our view unlikely that either for conditions where treatment is currently available or for 
those where ERT is likely to become available in the future, large randomised, placebo-controlled 
trials powered on clinical outcomes will be conducted. We have shown that observational 
data from a cohort study which collects both retrospective and prospective data can be used 
to provide estimates of treatment effectiveness. We have also shown that these analyses can be 
extended using Bayesian methods to provide estimates of the likely effects of therapy commenced 
at different points in the course of the condition. Our study was, however, severely weakened 
by the lack of consistency in assessing and clearly recording key outcomes that reflect disease 
progression, which led to substantial amounts of missing data. This not only reduced the power 
of our analyses but also increased the possibility of bias because of unmeasured confounding 
factors which may have influenced the likelihood of the recording of particular outcomes 
for individuals. 

If future research is to more effectively address the unanswered question regarding effectiveness 
and cost-effectiveness the following steps will be required:

1.	 Agreement regarding appropriate outcome measures can be used to assess disease 
progression for each condition.

2.	 Agreement between designated UK treatment centres to collect these measures in a common 
data set for all patients with these conditions receiving ERT or SRT.

3.	 For the less common conditions, to attempt to extend this approach to include centres in 
other countries. 
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A long-term cohort study of people with lysosomal 
storage disorders

Aim: To conduct a prospective cohort study of people in England with a lysosomal storage 
disorder to determine natural history and estimate effectiveness and cost-effectiveness of current 
and potential treatment strategies. 

Objectives: Primary objectives: 

1.	 To determine the natural history of treated and untreated lysosomal storage disorders for 
those disorders where enzyme replacement therapy is currently available; 

2.	 To estimate the effectiveness of enzyme replacement therapy;
3.	 To estimate the cost-effectiveness of enzyme replacement therapy for lysosomal 

storage disorders;
4.	 To determine the natural history of lysosomal storage disorders where enzyme replacement 

therapy is likely to become available. 

Secondary objectives include:

■■ To compare the effectiveness of Replagal and Fabryzme in children and adults with 
Fabry disease

■■ To estimate the lifetime health care cost and other economic impacts on people with 
lysosomal storage disorders and their families

■■ To provide the basis for future research to develop treatment-responsive measures in adults 
and children.

Lay summary

Lysosomal storage disorders are a group of rare, inherited diseases. In total they affect fewer 
than 1 : 7000 people. Traditionally, the therapeutic options for lysosomal storage disorders 
have focussed on managing the symptoms of the disease rather than treating the disease 
itself. However, in recent years, treatments which address the cause of the disease, the enzyme 
deficiency, are being developed for these disorders. Enzyme replacement therapies are now 
available for the treatment of Gaucher, Fabry and MPS I, and several more are being developed.

People with these disorders are treated at one of seven designated treatment centres in England. 
The Peninsula Medical School, in collaboration with the treatment centres and the support 
groups, would like to look at how effective and cost effective these therapies are. However, 
because these conditions are so rare, usual ways of testing how effective a treatment is, such 
as a randomised, controlled trial are much harder to conduct. Therefore, we hope to carry out 
a long term cohort study, whereby we collect data, at each centre, from all consenting adults 
and children with these conditions. By following people with these conditions over a period of 
time we will better understand how effective treatments are, when the best time to start giving 
these treatments is, what the appropriate dosing schedules are, and which symptoms led to the 
diagnosis of the disorder. Another aspect of the study will be to estimate the value for money of 
these treatments. In order to do this we will look at how frequently people use the NHS, the cost 
of their treatment, related costs to their family, and compare these for people who are receiving 
treatment with those people who are not, or for whom no treatment is currently available. This 
study is intended to last three years in the first instance and, in addition to addressing specific 
questions, will create a valuable research resource for patients and clinicians.
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Background 

Lysosomal storage disorders (LSDs) are a heterogeneous group of disorders with a combined 
prevalence of between 1 : 5,000 and 1 : 10,000. The prevalence of the more common individual 
lysosomal diseases is between 1 : 20,000 and 1 : 100,000 [1,2]. Higher prevalences of specific 
lysosomal storage diseases are encountered in some populations, for example Gaucher and 
Tay–Sachs disease among Ashkenazim Jews and aspartylglucosaminuria, and Salla disease and 
infantile neuronal ceroid lipofuscinosis in Finland [3]. The clinical picture of most lysosomal 
storage disorders is heterogeneous with age at onset, and type and progression of symptoms 
varying substantially among individual patients suffering from the same disorder. Within 
each condition, there is considerable variation in the underlying genetic mutation. There is a 
correlation between the specific mutation and the severity of the problems experienced by an 
individual but the genotype/phenotype relation is variable [4]. In general, a correlation exists 
between residual enzyme activity and severity of disease manifestation. In some lysosomal 
storage disorders external genetic or environmental factors markedly influence the flux through 
the defective pathway and therefore also have a major impact on disease manifestation. 

There are > 40 LSDs whose common feature is the deficiency of a lysosomal enzyme or transport 
protein. This deficiency results in a progressive intracellular accumulation of glycophospholipids, 
causing tissue damage and ultimately organ failure [4]. The likelihood that a particular cell type 
is involved in storage accumulation is determined by the flux of the substrate (the metabolic 
demand) and the residual capacity of that cell type to carry out the catabolic reaction. In general, 
the more severe the mutation the more cell types accumulate the storage material. For patients 
with a missense lysosomal enzyme gene, and therefore showing a relatively high residual enzyme 
activity, storage is likely to occur in fewer cell types. It is the heterogeneity in individuals’ 
residual degradative capacity which accounts for some lysosomal storage disorders manifesting 
as relatively benign non-neuropathic variants and others as devastating neuropathic variants. 
In the latter case storage is not restricted to cells in visceral tissues but also involves cells inside 
the brain. Many LSDs have traditionally been classified into subtypes, although it is increasingly 
recognised that most LSDs have a broad continuum of clinical severity and age of presentation 
[5] rather than falling into clinically discrete forms.

The symptoms arising from these disorders are generally progressive and clinical diagnosis 
becomes easier with time [6]. For the most part diagnosis relies on observation of clinical features 
raising a clinical suspicion resulting in formal testing. 

The clinical course of these disorders is not easily predictable in an individual, especially 
in the later-onset disorders [7]. Although mutation analysis can predict the likelihood of 
neurological involvement for some LSDs, as mentioned, there is often variability in the genotype/
phenotype relationships. The situation is further complicated by the large number of mutations 
identified, which, coupled with the fact that most patients are compound heterozygotes, makes 
phenotype prediction difficult. In addition, the relative frequency of different patterns of 
mutation varies between ethnic groups making comparisons between outcomes in different 
countries problematic. 

Treatments for lysosomal storage disorders

No definitive, curative treatment is yet available for any LSD. For most of the disorders, 
symptomatic treatment for specific problems is currently the only therapeutic option. For 
some LSDs it is possible to either augment the deficient enzyme (eg. by enzyme replacement 
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therapy (ERT) or enzyme enhancement therapy - such as bone marrow transplant) or partially 
inhibit synthesis of the parent substrates by substrate reduction therapy. Treatment options are 
summarised in Table 1. 

Bone marrow transplant
The first bone marrow transplants (haematopoietic stem cell transplant) were done on patients 
with Hurler’s disease and reported in the early 1980s [8]. Since then bone marrow transplant 
[BMT] has been carried out for at least 20 different LSDs [9]. The results of BMT are variable 
but it appears that for the most part it is in the disorders which do not affect the central nervous 
system to any great extent where BMT has the greatest effect. [6] When carried out in individuals 
with CNS involvement, BMT is reported to be least effective in addressing the skeletal and 
neurological component of these disorders. For disorders which primarily affect the CNS, such as 
infantile Tay Sachs, Sandhoff or MPS III (Sanfilippo disease), BMT does not appear to be effective 
in slowing down the disease progression. Similarly, where there is significant skeletal impact 
on the disorder such as MPS IV (Morquio disease), BMT has not been reported to lead to an 
improvement in growth or other skeletal features [7]. In MPS I and VI (Maroteaux Lamy disease) 
a transplant early on in the course of the condition has been reported to be associated with some 
improvements although in MPS I, BMT after the onset of significant neurological signs does 
not lead to an improvement of neurological function, and in most patients a steady loss of skills 
continues [7]. Furthermore, it appears that bone and cartilage cells remain MPS cells. [8,9]

Substrate reduction therapy
At present, Miglustat (Zavesca), is the only licensed substrate reduction therapy in the UK. 
Miglustat inhibits glucsylceramide synthetase which is the first step in the synthesis of most 
glycosphingolipids. It is currently licensed in the UK for treatment of mild to moderate type I 
Gaucher, in patients for whom enzyme replacement therapy is unsuitable. 

A one year open label study involving 28 adults (seven with previous splenectomies) from four 
international Gauchers referral clinics, who were unable or unwilling to receive ERT reported 
reduced organomegaly and small haematological improvements after 12 months’ therapy [10]. 
An extension study to 36 months was conducted with 18 of the 22 eligible patients (14 completed 
the 36 month study) which reported a further reduction in liver and spleen volume, as well as 
haematological parameters with a reduction in the incidence of side effects (as experienced in the 
first 12 months) [11]. 

Other disorders where the effectiveness of Miglustat is currently being assessed are, Gaucher type 
3, Niemann–Pick type C and late onset Tay Sachs [9].

Enzyme replacement therapy (ERT)
There are currently four licensed enzyme replacement therapies in the UK for three LSDs; 
imiglucerase (Cerezyme®) for non neuropathic Gaucher disease (type I); agalsidase beta 
(Fabrazyme®) and agalsidase alpha (Replagal®) for Fabry and laronidase (Aldurazyme®) for 
mucopolysaccharidosis (MPS) type I. 

Other enzyme replacement therapies are currently being developed for Pompe [13], and MPS 
type II [14] and VI (Maroteaux -Lamy) [15]. Enzyme replacement therapy for Niemann – Pick 
Type B is at the pre-clinical stage [9].

Treatment and the blood brain barrier
Whereas substrate reduction therapies do appear to cross the blood brain barrier in small 
amounts (approx 10%), currently available enzyme replacement therapies do not appear to cross 
the blood brain barrier in sufficient amounts to be effective. This inevitably limits their potential 
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effectiveness in those conditions in which CNS involvement is an important feature. There is 
some evidence that if patients are given sufficiently high doses of immunosuppressant drugs there 
may be better penetration of the enzyme into the CNS. It has been established that injecting the 
replacement therapy directly into the CNS is not an effective means of crossing the blood brain 
barrier [personal communication].

HTA commissioned reviews of effectiveness and cost-effectiveness

An examination of the evidence for the effectiveness and cost effectiveness of enzyme 
replacement therapies for Gauchers, Fabry and MPS type I was commissioned by the HTA. For 
all three conditions the reports suggested on the basis of the limited data available that there 
are beneficial effects of ERT on symptom-related markers. [16, 17]. The following sections 
summarise key points from these reports.

ERT for Gaucher Disease
Gaucher disease is classified into three subtypes by clinical features. Type I can present at any 
age and has predominantly visceral symptoms without neurological effects. Type II presents in 
childhood and has neurological and visceral symptoms. It causes severe progressive brain disease 
and death occurs in infancy. Type III presents in early childhood with the presence of visceral 
and/or neurological symptoms. Imiglucerase is licensed for use in symptomatic Type I disease 
and to treat the visceral symptoms of Type III disease. 

Effectiveness
The systematic review identified 63 studies (involving 10 patients or more) [16]. These included 
one RCT which compared ERT to usual treatment and one RCT which compared two different 
derivations of ERT but provided only before and after data on the effectiveness of ERT. The other 
studies were considered to be of moderate quality at best and none had reliable comparator data.

All studies were suggestive of benefit from ERT. The RCT comparing ERT to usual treatment 
reported a potentially beneficial effect in haemoglobin and platelet levels and, to a lesser extent, 
on hepatomegaly. The other studies reported improvements in haematological parameters and in 
hepatomegaly and splenomegaly, with most parameters tending to return towards normal in the 
majority of patients after a year or more of treatment. For organomegaly and haemoglobin, the 
rates and extent of response are reported to have been greater the more abnormal the pre-ERT 
condition. Platelet levels are reported to improve more slowly. For most people liver size was 
reduced to near 1.2 times that expected for normal weight and the spleen was reduced by 5–10 
fold. ERT was also reported to have a beneficial effect on bone crises and fracture rate, as well as 
on pain, although the quantitative evidence for these benefits was described by the authors of the 
HTA report as being ‘extremely weak’. 

The overall conclusion was that there was a paucity of high quality evidence and that it was 
therefore difficult to reliably estimate whether these reported effects translate into improved 
patient wellbeing and survival, or an altered need for health services.

Cost effectiveness
All published cost-effectiveness studies are over nine years old and conducted outside the UK. 
The authors of the report described above conducted a new cost-effectiveness analysis based 
on UK costs [17]. In this analysis, even assuming that ERT restores people with Gaucher to full 
health for their remaining lives, the incremental cost-effectiveness of ERT is > 10 times above 
the usually accepted threshold for what constitutes ‘good value for money’ when using NHS 
resources to improve health. The authors emphasise that due to the weak research evidence base, 
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extreme uncertainty surrounds these cost-effectiveness estimates. However, even with the most 
favourable possible assumptions the incremental cost-effectiveness of ERT appears prohibitive 
given current drug costs. 

ERT in Fabry’s disease
Fabry’s disease is an x-linked lysosomal storage disorder caused by a deficiency of the enzyme 
α-galactosidase A, an enzyme involved in the breakdown of lipids. As a result of this deficiency 
glycosphingolipids accumulate in the body’s tissues, particularly the heart, kidneys and 
nerve tissue. Symptoms usually appear during childhood and adolescence and affect many 
organ systems such as heart, CNS, kidney, bowel, pancreas and lung [19]. It is a clinically 
heterogeneous disease and is usually slowly progressive with symptoms changing with age [20]. 
A substantial proportion of patients will develop cerebrovascular disease (transient ischaemic 
attacks and stroke). There are two ERTs licensed for use in the UK for Fabry’s disease, agalsidase 
alpha (Replagal®) and agalsidase beta (Fabryzyme®). Both are given intravenously, with the 
recommended dose being 0.2mg and 1mg/ kg body weight bi-weekly, respectively.

Effectiveness
Considering studies of either form of ERT, the systematic review identified three randomised 
placebo-controlled trials (n = 70, duration 5–6 months) and 11 uncontrolled before and after 
studies (n = 493, duration up to 24 months) [18]. Of the three controlled trials, 27 patients 
received Fabryzyme and 21 received Replagal. The studies are small, of short duration and 
use different outcome measures which made direct comparisons difficult. Overall their results 
suggest some beneficial effect of ERT on measures of pain and cardiovascular function, and an 
apparent stabilisation of renal function based on measures of creatinine clearance. The studies 
were unable to demonstrate any effect on neurological effects including the risk of transient 
ischaemic attacks or stroke. However, this is unsurprising given the lack of power to detect such 
effects as well as the short duration of treatment, and a beneficial effect cannot be excluded on the 
basis of current data. 

There is currently a trial going on in Holland comparing Fabryzme and Replagal, however no 
results have been published as yet [personal communication].

Cost effectiveness
The authors of the report conducted a cost-effectiveness analysis of ERT in Fabry disease. The 
conclusions are similar to those reviewing ERT in Gaucher disease. The data are acknowledged 
to be poor, resulting in considerable uncertainty around all estimates. However, even where the 
model is based on the most favourable possible assumptions, applying conventional thresholds 
of societal willingness-to-pay for health gains for the UK NHS (£30,000 per QALY), and current 
treatment prices, the authors conclude that ERT (either Replagal® or Fabrazyme®) for Fabry’s 
was highly unlikely to be cost-effective. These conclusions are crucially dependent on current 
drug costs. 

ERT for MPS I
MPS I is an inherited autosomal recessive disorder caused by deficient activity of the enzyme 
IDUA which results in an accumulation of glycoaminoglycans (GAGs) in many tissues including 
connective tissue, brain, heart and liver. This in turn leads to skeletal abnormalities, respiratory 
problems, joint problems, developmental delay and other issues such as corneal cloudiness, 
enlarged liver and spleen, recurrent hernias and heart disease. There are three subtypes: type IH 
(Hurler disease) which presents in the first year of life, has severe neurological symptoms and 
a life expectancy of only one decade; MPS IHS (Hurler-Scheie disease) is an intermediate form 
with a life expectancy of only two to three decades; and MPS IS (Scheie), is an attenuated form 
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with later presentation and longer life expectancy than IH and IHS. Laronidase is licensed for IV 
administration for symptomatic MPS IS and HIS patients. The recommended does is 0.58 mg/kg 
body weight every week.

Effectiveness
The systematic review identified one placebo-controlled RCT and a phase I/II observational 
study provides evidence of effectiveness. In the RCT 45 people with moderate to mild disease 
(predominantly HS) took part in a 26 week duration trial, with an open label extension for an 
additional 72 weeks. The Phase I/ II study included 10 patients (8 patients had the HS subtype 
with one patient each with H and S subtypes). The duration was 26 weeks with a subsequent 
extension to 52 weeks and beyond. Both studies reported positive effects on functional ability 
(specifically performance on the 6-minute walking distance), markers of lysosomal storage and 
markers measuring change in specific disease symptoms.

Cost effectiveness
The authors of the review concluded that the lack of basic data related to natural history, in 
particular a lack of quality-of-life data, lack of efficacy data and the highly heterogeneous nature 
of the conditions meant that it would not be appropriate to attempt a cost-effectiveness analysis. 
They nonetheless argue that the extremely high costs of ERT in this condition mean that it is 
unlikely that, even if the treatment is highly effective, it would meet the current thresholds for 
cost-effectiveness. Again this argument is crucially dependent on current drug costs. 

Table 1 shows the conditions for which there are treatments available. Please note the data on 
which symptoms are responsive and those which do not appear to respond to ERT are taken from 
a review article, publication date 2004 and are not taken from primary research studies.

Patterns of treatment in England

Treatment Centres
Services for patients with Lysosomal Storage Disorders (LSDs) including treatments such 
as Enzyme Replacement Therapy and Substrate Reduction Therapy are being nationally 
commissioned by the National Commissioning Group (NCG – formerly the National Specialist 
Commissioning Advisory Group, NSCAG) until March 2011. In England, seven hospitals have 
been nationally designated and funded, to provide a service for patients with lysosomal storage 
disorders (LSDs). 

Centres for children
■■ Central Manchester and Manchester Children’s University Hospitals NHS Trust (estimated 

279 child patients)
■■ Great Ormond Street Hospital for Children NHS Trust (estimated 148 patients)
■■ Birmingham Children’s Hospital NHS Foundation Trust (estimated 137 patients)

Centres for adults
■■ Salford Royal Hospital NHS Trust (estimated 311 adult patients)
■■ Royal Free Hampstead NHS Trust (estimated 231 adult patients)
■■ University College London Hospitals NHS Foundation Trust, National Hospital for Nervous 

Diseases, Queen Square (estimated 145 patients)

Centre for adults and children
■■ Addenbrooke’s NHS Trust (estimated 204 patients; 159 adults 45 children)
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From these figures there would appear to be 1455 patients with an LSD who are seen at one of the 
treatment centres. 

As would be expected from prevalence data the most common LSDs among patients seen in 
these centres are Gaucher and Fabry in adults and the mucoploysaccharidosis disorders (in 
particular MPS I and MPS III), in children [Treatment Centres, personal communication].

At present, Wales, Scotland and Northern Ireland have separate prescribing arrangements and 
there is no precise data as to the numbers of patients with lysosomal storage disorders living in 
these regions, although some do receive care at the designated centres.

Rationale for study

It has been argued [16, 17] that there is currently little point in conducting further studies of 
effectiveness or cost-effectiveness of ERT in Gaucher disease, Fabry disease or MPSI. This is 
based on the argument that the costs of the drugs are currently so high that however effective 
these treatments are there is no possibility that they can cross currently accepted thresholds for 
willingness to pay. The authors of these reviews argue that, if society has decided that because of 
the particular rarity and severity of these conditions it is willing to pay for therapy, then further 
information is not required while, if society is to apply the thresholds generally used to make 
such decisions, no amount of information will move the decision across this threshold.

In our view this stance, while arguable, is mistaken. Better estimates of the effectiveness of the 
interventions, of the relative effectiveness of treatment depending on when in the course of the 
condition treatment begins and of different treatment regimens are important for patients and 
their families as well as for clinicians. The costs of the drugs may well change substantially in 
the future with changes in technology and the possible entry into the market of other providers. 
In these circumstances evidence of effectiveness will be needed to underpin decisions on cost 
effectiveness. The proposed study will provide at least partial answers to these questions in 
addition to providing better data on NHS costs to inform future estimates of cost effectiveness.

In addition, the proposed study offers the opportunity to assemble a cohort of patients with other 
LSDs for which ERT may become available in the future. We anticipate that the same difficulty in 
carrying out long term randomised controlled trials will apply in these conditions and that better 
estimates of the natural history of untreated UK patients will make possible later estimates of 
cost-effectiveness of therapy based on observational data. 

Currently there are several lysosomal condition-specific databases which are held by the 
pharmaceutical companies which manufacture the enzyme replacement therapies and the 
substrate reduction therapy currently lisenced in the UK. This has led to the development of 
two registries for Fabry’s, which do not appear to be compatible with each other, hindering 
comparison treatment efficacy. The MPS society (UK) also has a registry of all UK people 
diagnosed with an MPS disorder since 1981. In addition there is a national Gaucher registry 
held at Addenbrookes which is part of the Gauchers Disease – diagnosis and management 
advice service.

It was felt to be necessary to establish this UK cohort study independent of the pharmaceutical 
industry, not least because the intention is to collect data on all lysosomal storage disorders 
and not solely ones where there are treatments. In addition, given that there are currently three 
pharmaceutical companies that manufacture these treatments, to conduct the study with any one 
of the companies might lead to potential conflicts of interest.
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Background

We aim to conduct a longitudinal, prospective cohort study involving all adults and children 
with lysosomal storage disorders, living in the UK who are treated within the seven designated 
treatment centres in England. As new therapies and treatment modalities are being proposed and 
developed for these disorders, issues around diagnosis, when to start treatment, and valid and 
reliable outcome measures to assess treatment effectiveness are raised. With lysosomal storage 
disorders, early diagnosis is important to allow treatment before irreversible organ damage 
occurs. Furthermore, it is possible that given the progressive nature of these disorders, there 
might be clinical markers within each condition which indicate the optimum point at which 
enzyme replacement therapy should initiated.

The study will initially collect data on conditions for which ERT is currently available or being 
developed, although it is intended that eventually all children and adults diagnosed with an 
LSD will form part of the study. We believe that the majority of people with lysosomal storage 
disorders will be referred to these centres, regardless of whether there is a specific treatment 
available; where there is no specific treatment, people receive palliative care from these centres. 

Methods

Identification/Recruitment of Eligible Patients
All patients with lysosomal storage disorders, living in the UK and attending the treatment 
centres will be identified and consent will be sought for their participation in the study.

1. Identification
The research assistant/nurse will identify eligible patients from the department database, or 
department patient lists and will enter the patient’s initials and date of birth into an ‘Initial table 
for Recruiting’ spreadsheet and assign a study ID. There will be one spreadsheet per condition.

The LSD consultant will be asked to confirm the patient’s eligibility to take part in the study i.e. 
that they will not be distressed by being approached to take part. Eligibility status will be entered 
into the spreadsheet and eligible patients and / or their carer will be sent an introductory letter 
(Appendix 1, 2, 2b or 2c).

To ensure patients / patients’ carers have sufficient time to read and absorb the information and 
have the time and opportunity to discuss the study with relatives, GPs, research staff etc, an 
invitation letter and patient information sheet will be posted to the patient / patient’s carer at least 
one month before they are due at their clinical review appointment (Appendices 3-6).

It is anticipated that some patients will be missed by the researcher and / or the LSD consultant at 
their first clinical review appointment after receiving their invitation to participate in the study. 
This might be due to the patient not attending the clinic, or due to other commitments for the 
researcher and/or consultant on the day of their attendance. In such cases, the patient will be sent 
an additional invitation letter and patient information sheet one month before they are next due 
at their clinical review appointment (Appendices 3-6).

2. Explanation of the Trial
The LSD consultant or research nurse will meet patients when they attend their clinical review 
appointment. The study will be verbally explained to the patient / patient’s carer using the 
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appropriate Information Sheet and the use and timing of the questionnaires will be explained to 
the patient/patient’s carer. Sufficient time will be allocated for the patient / patient’s carer to ask 
questions and have them answered to their satisfaction.

3. Consent
Written informed consent (Appendix 7 or 8) will be obtained from each participant. For people 
under 16, written parental or guardian consent will be obtained (Appendix 8).

3.1 Two-tier consent
The study will operate a two-tier consent process whereby if a patient or their carer does not 
wish to complete the quality of life, fatigue or resource use questionnaires, they will be asked if 
they agree to their data being extracted from their medical notes for the purposes of the study 
(Appendix 7B or 8B).

3.2 Consenting patients who lack capacity
The research team will initially assume that each patient has capacity and every effort will be 
made to support them to help them make their own decision regarding participation in the study. 
Information about the study will be provided to each individual in a way that is most appropriate 
to help them understand the study and make their own decision. 

If the treating clinician or another member of the healthcare team believes on the balance of 
probabilities, that the individual lacks capacity to give informed consent, then they must take 
reasonable steps to identify someone to consult, before they are included in the research. That 
person (the consultee) must be involved in the person’s care, interested in their welfare and must 
be willing to help. They must not be a professional or paid care worker. 

Where there is no willing ‘personal consultee’, the researcher will identify an appropriate adult 
(such as a psychologist or social worker) involved in their care but unconnected to the study and 
ask them to assist in explaining the study. 

The consultee will be given information about the research project and be asked: 

■■ for advice about whether the person who lacks capacity should take part in the study, and 
■■ what they think the person’s feelings and wishes would be, if they had capacity to decide 

whether to take part. 

Once a willing consultee has been identified, they will be asked to provide written informed 
consent on behalf of the patient (Appendix 25 or 25B).

3.3 Re-consenting 16 year olds
When a patient who is in the study turns 16 they must be approached for re-consenting. They 
will be consented using adult forms. 

■■ When the parent/carer has not given any consent for their child’s participation in the study, 
the researcher can approach the patient directly for consent when the patient turns 16.

■■ When the parent/carer has given ‘notes only’ consent for their child’s participation in the 
study, the researcher can approach the patient directly for full consent when the patient 
turns 16.

■■ Patients can only be re-consented when the LSD consultant has confirmed their eligibility 
to take part in the study. That is, that they will not be distressed by being approached to 
take part. 
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4. Informing the patient’s GP of participation in study
Once consent has been received from the patient or their carer, a letter will be sent to the patient’s 
GP (Appendices 23 – 24) notifying them of the patient’s involvement in the study, along with 
a PIS.

Data collection

Data will be collected on all consenting patients onto a condition-specific database. Each database 
will follow the same structure with a set of data common to all conditions and condition-specific 
data. Data collected will include both prospective data and limited historical data. Historical data 
is available for a number of conditions contained within the variety of existing registers and in 
the patients’ notes. Data fields will be agreed within the group but will be guided by the principle 
that only data which will clearly contribute to answering a specific question will be included. 

Identification of data fields
Procedures and data collection will be piloted on the following three disorders – Gaucher, Pompe 
and MPS I. Clinicians from the seven sites have identified, individually and in working groups, 
which data fields are important to collect for these disorders. Initially, the team determined basic 
information relating to which key organs are affected in each disorder, and then the primary tests 
which demonstrate the functioning of that organ. Further communications within the working 
groups clarified the data fields to be collected for each disorder.

Questionnaires
Questionnaires are to be handed out to patients (or carer/parent) consenting to have the 
additional questionnaires at their annual check up appointment with their clinician. They may 
also be asked to complete additional questionnaires at any additional monitoring appointment 
they attend. The patient will obviously have the right to refuse to complete the questionnaires 
at all times. Ideally questionnaires will be completed during the hospital visit, but if this is not 
possible the patient/carer will be given a Stamped Addressed Envelope and asked to return the 
questionnaires to the Research Nurse. In certain circumstances, for instance if there is a problem 
with the provision of ERT, and where it would assist in our understanding of the effectiveness of 
these treatments, additional questionnaires may be posted to patients who are attending clinic 
less often. Similarly, in circumstances where study patients attend for routine clinical follow up 
but are not seen for study purposes, follow up questionnaires may be posted to them. In all such 
situations it will be made clear in an accompanying letter that patients are under no obligation 
to complete these or to remain in the study. A stamped addressed envelope will be provided with 
the questionnaires for their return. The patient ID will be written on the top of each sheet in the 
pack either before or after completion. When the questionnaires are taken home, this will be 
done before they are removed from the treating centre. The Patient/Carer will be contacted up 
to a maximum of three times at two week intervals to chase if the questionnaires have not been 
returned. A brief record of the conversation/message left each time will be made on the notes 
page (Appendix 25) and kept in the study file. Dates will be recorded in the database.

Once returned the questionnaire answers will be entered into the database and the paper copies 
will be kept in study folders.

The age-appropriate questionnaires to be given to the patient and carer (if applicable) are detailed 
in Table 2. 

For those conditions where the senses are impaired the HUI (Health Utilities Index) will also be 
given to patients over 5 years of age.
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■■ Pompe – where there is cardiomyopathy
■■ Gaucher – Type III
■■ MPS I – all
■■ MPS II – all
■■ Fabry – all
■■ Niemann Pick C – all 

TABLE 2  Questionnaires

Age Senses affected by condition? Questionnaires

0-1 Not applicable Service use and cost – child proxy (app 16B)

Caregiver Strain Index (app 18)

2–4 Not applicable PedsQL toddler– parent (app 20)

Service use and cost – child proxy (app 16B)

Caregiver Strain Index (app 18)

5–7 No PedsQL 5-7 – child (app 12)

PedsQL 5-7 – parent (app 11)

Service use and cost – child proxy (app 16B)

Caregiver Strain Index (app 18)

Yes As above plus: HUI - proxy (app 19B)

8–12 No PedsQL 8-12 – child (app14)

PedsQL 8-12 – parent (app13)

Service use and cost – child proxy (app 16B)

Caregiver Strain Index (app 18)

Yes As above plus: HUI – proxy (app 19B)

13–15 No PedsQL 13-18 – child (app 21)

PedsQL 13-18 – parent (app 22)

Service use and cost – Child proxy (app 16B)

EQ-5D (app 10)

Caregiver Strain Index (app 18)

Yes As above plus: HUI – proxy (app 19B)

16-or over No EQ-5D (app 10)

SF-36 (app 9)

Service use and cost – adult (app 16)

Caregiver Strain Index (if applicable) (app 18)

FSS (app 26)

Yes As above plus: HUI – self (app 19)

Database
We will use MACRO, a web-based EDC system from InferMed. A secure, condition-specific 
database will be designed for all conditions. Data will be collected at the patients’ annual or six-
monthly review and entered onto the database by the Research Nurse / Analyst at each study site. 

Data quality assurance
Data accuracy is a requirement under the Data Protection Act, and together with data 
completeness is essential for maximising validity and reliability research outputs. To ensure data 
consistency between centres a data code-book or definitions manual will be developed. Data 
checks (valid ranges, filter checks, logical checks) will also be conducted as part of data entry 
processes and will be built into the database system. Key data will be ‘double entered’ using SDV. 
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Analysis

The database will contain longitudinal individual-level patient data for all consenting patients 
attending the participating treatment centres. 

Natural History
Data will be analysed to describe the natural history of treated and untreated LSDs. Key outcome 
measures relevant to each disorder will be analysed by genotype where this information is 
available and where there are sufficient numbers of patients with a specific genotype. Exploratory 
analysis of patient trajectories will be conducted using graphical methods. For conditions where 
sufficient data are available, formal statistical modelling which exploits the longitudinal nature 
of the data (both prospective and retrospective) will be used to study individual dynamics. 
Important issues to be addressed will include accounting for non-linearity in the rate of disease 
progression, and patient heterogeneity in age of presentation and clinical severity. This will 
be achieved by exploring dynamic linear growth curve models in a Bayesian framework with 
patient-specific random effects, and random walk priors for the mean and slope parameters [21]. 
Such models can be extended to allow for dependency among the set of outcome measures for 
each condition by inclusion of patient-specific latent variables [22]. The latent variables represent 
unobserved constructs and provide a means of identifying the main elements of the underlying 
structure of the disease process. The flexible framework makes it possible to combine patient 
characteristics measured on different scales and to make adjustments for outcome-specific 
measurement errors. Given the likely sparsity of data for individual LSDs, careful attention will 
need to be given to specification of prior distributions to ensure model identification.

Effectiveness of treatment
For each condition, different approaches will be needed to estimate the effectiveness of ERT. 
The approach will depend largely on the amount of data available on untreated patients. Where 
data are not available for significant numbers of untreated patients, treatment efficacy will be 
estimated by taking advantage of the fact that the age and stage of their condition at which 
patients have begun taking ERT was dependent on the time when the treatment first became 
available. Historical data are available for many of these patients on their clinical condition at the 
time of beginning treatment while for others we will have data only on current clinical situation. 
The analysis of the available data will require (a) longitudinal analyses of changes in outcome 
measures and resource use before and after treatment, taking account of a range of covariates (e.g. 
baseline severity, demographic characteristics) and (b) extrapolation of pre- and post-treatment 
data to estimate the likely lifetime costs and effects in untreated and treated cohorts of patients.

Given the rare nature of these disorders and the corresponding modest sample sizes, 
conventional analyses may not have the power to detect or exclude clinically worthwhile 
treatment benefits. Consequently, we propose making assessments of treatment efficacy in a 
Bayesian framework to supplement analyses using classical methods. Although definitive answers 
may not always be possible, with frequentist confidence limits unlikely to exclude a null result, 
taking a Bayesian approach can provide a clearer guide by quantifying the probabilities that 
clinical effects lie in a particular range [23]. These probabilities, calculated by combining study 
data with a prior distribution, apply directly to future patients and can be used explicitly in 
formal decision analysis. A key component of our approach will be obtaining credible data on 
priors through incorporation of information from previous trials and elicitation of opinions from 
clinicians. We will conduct extensive sensitivity analyses to assess the effect of uncertainty in the 
choice of model specification and prior assumptions. 
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Comparison of the effectiveness of agalsidase alpha and agalsidase beta in 
Fabry disease

Both agalsidase alpha and agalsidase beta are licensed for use in the UK for the treatment of 
Fabry disease. Both treatments received their license in 2002. There is a five fold difference in the 
licensed dosing regimen although costs per patient are broadly similar. It appears that, although 
all centres use both drugs, there has been tendency for each centre to use one or other as their 
initial drug of choice. This it appears has been determined mainly by historical reasons based 
partly upon which drugs trials they were involved in. Some patients subsequently switch to the 
alternative treatment, for clinical reasons, and it has been suggested that more recently there may 
be more variety in initial drug choice. There are national guidelines for the initiation of therapy to 
which all centres adhere which suggests that the populations receiving either treatment are likely 
to be broadly similar. There are currently approximately 185 adults and 45 children with Fabry 
disease receiving treatment with one or other of these drugs. 

We will compare the outcome of treatment depending on which of the two drugs patients 
were initially assigned (the equivalent of an intention to treat analysis) in a multivariate model 
allowing for potential confounding variables. We will in addition compare recorded side-effects 
and frequency of switching treatments.

Costs of care
Data will be collected on health care resource use using the Service use and cost questionnaire 
(Appendix 16). Information such as numbers of hospitalisations, outpatient and GP 
appointments, medication use, and other therapies will be collected according to disorder, patient 
age and severity for all patients. Additional data will be collected on associated family/carer costs 
and on family/carer related quality-of-life impacts using the Caregiver Strain Index (App 18). 
These data will be used to estimate lifetime health care costs according to disorder and severity. 

Cost-effectiveness
These data will be used to help develop and populate a number of decision-modelling based cost–
utility analyses for the main policy comparisons that might be relevant and feasible. Wherever 
possible these analyses will make use of the models previously developed by the West Midlands 
Health Technology Assessment Collaboration.

Given that the numbers involved will be relatively small (relative to typical epidemiological 
cohort studies) and also, for evidence relating both to treatment effects and economic impacts, 
subject to considerable uncertainty it will be essential to investigate the cost-effectiveness through 
modelling. Decision modelling in particular provides an explicit framework for integrating 
(a) disease natural history data (b) evidence and/or assumptions about treatment effectiveness 
and cost, (c) extrapolating these data over time, and (d) quantifying uncertainty surrounding 
all of the model inputs, so that a wide range of policy scenarios can be explored (23,24). The 
models will be used to establish the level at which the costs of the ERT would meet conventional 
thresholds of cost effectiveness taking account of NHS and societal costs. 

Development of condition-specific rating scales
Currently there are condition-specific rating scales for Gauchers (the Severity Score Index 
[26, 27]) and Fabry (the Mainz severity Score Index [28]). There is no condition-specific 
severity scoring system for MPS I (although such a scale is under development [26]). However 
these scales have been developed from adult data and their relevance to children has not 
been established, nor do they appear to be particularly sensitive to treatment [personal 
communication]. There is an urgent need for the development of better severity scoring systems. 
The development of such scales is not part of the current application, however, the natural 
history data and the carer/family data collected as part of this study can be used to inform the 



334 Appendix 5 

development of such disorder-specific treatment responsive measures. The availability of a whole 
population sample for these conditions will provide the basis for further development and testing 
of such systems.

Ethical considerations

Multi-centre ethics agreement has been obtained from the South West Research Ethics 
Committee, and site-specific ethics approval has been granted by the relevant local ethics 
committee for each site. Research Governance approval has also been granted for the data 
collection and analysis of this data for the seven treatment centres to collect the data and for the 
Peninsula Medical School to undertake data analysis with the centres. 

Benefits to the NHS

A longitudinal cohort study collecting individual patient data from people with lysosomal 
storage disorders will provide benefits to the NHS, designated treatment centres and patients. As 
suggested by the HTA-commissioned assessments of enzyme replacement therapy for Gaucher, 
Fabry and MPS I [16,18], in order for an evaluation of the clinical and cost-effectiveness of 
emerging enzyme replacement therapies to be conducted, comprehensive and valid data of 
sufficient quality needs to be collected, prior to the therapy being licensed. This study proposes 
to collect data from all people with lysosomal storage disorders in the UK who attend the seven 
treatment centres in England, thereby minimising selection bias. A similar type of study, which 
established a Cystic Fibrosis database, has reported benefits to clinicians and patients [30]. 
Similar to LSDs, many patients with CF are seen at specialised clinics, where care is tailored 
to the individual. Their data capture and reporting system has been customised to allow for 
individual patient reports regarding their disorder. The system also allows the participating 
clinicians to compare care programmes between centres. 

Staffing implications

Professor Stuart Logan will have overall responsibility for the project. Dr Katrina Wyatt and 
Professor Logan will have day to day responsibility for the project which will be coordinated by 
Sheena Oxer. Dr Rob Anderson and Dr Ken Stein will supervise the data modelling and health 
economic analyses and Dr William Henley will manage the statistical analyses. The clinical 
applicants will ensure appropriate design of data gathering and clinical relevance of analyses. The 
patient support groups will provide input to ensure that appropriate account is taken of patient 
and family views. 

Data collection will require considerable clinical expertise. There are in total 1127 patients 
with LSDs seen at the participating centres and we anticipate very high rates of agreement to 
participate. We estimate that initial data entry will take approximately 2 hours per patient and 
each follow-up visit approximately half an hour per patient. We are currently funding a full time 
research analyst in Cambridge, two 0.75WTE research analysts in Manchester, three 0.7WTE 
research analysts in London, and one 0.5WTE research analyst in Birmingham. Given the 
amount of data which will also need to be collected retrospectively we propose to fund a data 
entry research assistant at each site for 12 months. The study also requires a fulltime research 
fellow with modelling experience to develop and analyse the models, with additional support 
from the Peninsula Technology Assessment Group (PenTAG). 
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Additional support has been requested to allow for travel between the sites, conference 
attendance, computers and printers (for all sites for data collection) and recruitment.

NHS support and Treatment costs

Following extensive discussion with each of the treatment centres regarding additional treatment 
and NHS costs, it has been agreed that while there are no additional treatment costs (ie drug costs 
or investigations) associated with this study there are time implications for the consultants who 
manage patients with LSDs. In order to collect the necessary information from each patient, it 
will be necessary to spend additional time with each patient to explain the study, gain consent 
and collect and record additional information, more frequently than would otherwise be required 
in a routine consultation. As each patient is seen by a consultant for their management and 
treatment, this will does carry a time implication for each treatment centre. Two hours consultant 
time has been agreed per week per treatment centre for the duration of the study.
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Initial contact letter to potential participants

Version 4b (21.10.08)

Treatment centre name
Address

Telephone
Name participant
Address
Date
Dear [name]

The purpose of this letter is to briefly let you know about a study which is taking place at [name 
of treating hospital]. The study is a collaboration between this hospital, other hospitals in England 
which treat people with lysosomal storage disorders, the Peninsula College of Medicine and 
Dentistry, and associated patient support groups. We are asking everyone (adults and children) 
in England who has a lysosomal storage disorder, such as [insert person’s condition] to consider 
being part of our study.

This research study will involve collecting and entering data relating to the diagnosis and 
management of your condition on a specially designed, secure database. We believe that this 
information will help us understand more about these disorders and the effect of treatments on 
them. Please note that taking part in this study will not alter your medical care or your treatment 
in any way.

We will send you some more information about the study before your next clinical appointment 
and when you are next at the hospital, one of the nurses or doctors involved in your care will 
discuss the study with you in more detail and answer any questions that you may have. Only 
when you feel you have sufficient information about the study and what we are asking you to do, 
will you be asked to make a decision about whether or not you want to take part. Please note that 
if you decide not to take part your care will not be affected in any way.

Please be assured that your details have been added to this letter by hospital staff and have not 
been supplied to anyone outside the hospital.

Thank you for reading this letter and we look forward to meeting you.

Yours Sincerely

Chief Investigator and Name of treating consultant for that site.
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Initial contact letter to young potential participants

Version 3b (21-10-08)

Treatment centre name
Address

Telephone
Name participant
Address
Date
Dear [name]

The purpose of this letter is to briefly let you know about a study which is taking place at [name 
of treating hospital]. The study is a partnership between this hospital, other hospitals in England 
which treat people with lysosomal storage disorders, as well as the Peninsula College of Medicine 
and Dentistry, and the patient support groups for people with lysosomal storage disorders. We 
are asking everyone (adults and children) in England who has a lysosomal storage disorder to 
consider whether they would like to be part of this study.

The study will involve collecting and entering information about the diagnosis and management 
of your condition onto a specially designed, secure database. We believe that this information will 
help us understand more about these disorders and the effect of treatments on them. Please note 
that taking part in this study will not alter your medical care or treatment in any way.

We will send you some more information about the study before your next clinical appointment 
and when you are next at the hospital, one of the nurses or doctors involved in your care will 
discuss the study with you in more detail and answer any questions that you may have. Only 
when you feel you have sufficient information about the study and what we are asking you to do, 
will you be asked to make a decision about whether or not you are happy to take part.

Please note that if you decide not to take part your care will not be affected in any way.

Please be assured that your details have been added to this letter by hospital staff and have not 
been supplied to anyone outside the hospital.

Thank you for reading this letter and we look forward to meeting you.

Yours Sincerely

Chief Investigator and Name of treating consultant for that site.
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Initial contact letter to parents/carers of potential participants

Version 4b (21-10-08)

Treatment centre name
Address

Telephone

Name participant
Address
Date
Dear [name]

The purpose of this letter is to briefly let you know about a study which is taking place at [name 
of treating hospital]. The study is a collaboration between this hospital and the other hospitals 
in England which treat people with lysosomal storage disorders, as well as the Peninsula College 
of Medicine and Dentistry, and the associated patient support groups. We are asking everyone 
(adults and children) in England who has a lysosomal storage disorder to consider being 
part of our study. The study will involve collecting and entering data about the diagnosis and 
management of your child’s lysosomal storage disorder on a specially designed, secure database. 
We believe that this information will help us understand more about these disorders and the 
effect of treatments on them. Please note that taking part in this study will not alter their medical 
care or their treatment in any way.

We will send you some more information about the study before your child’s next clinical 
appointment and when you are both next at the hospital, one of the nurses or doctors involved in 
their care will discuss the study with you and your child in more detail and answer any questions 
that you may have. Only when you feel you have sufficient information about the study and what 
we are asking you to do, will you be asked to make a decision about whether or not you are happy 
for them to take part. Please note that if you decide not to take part your child’s care will not be 
affected in any way.

Please be assured that your details have been added to this letter by hospital staff and have not 
been supplied to anyone outside the hospital.

Thank you for reading this letter and we look forward to meeting you both.

Yours Sincerely

Chief Investigator and Name of treating consultant for that site.

	
  



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Wyatt et al. under the terms of a commissioning contract issued by the Secretary of State for Health. This 
issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that suitable 
acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

341� Health Technology Assessment 2012; Vol. 16: No. 39DOI: 10.3310/hta16390

Initial contact letter to carers of adult participants

Version 1 (24-04-09)

Treatment centre name
Address

Telephone

Name participant
Address
Date
Dear [carer’s name]

The purpose of this letter is to briefly let you know about a study which is taking place at [name 
of treating hospital]. The study is a collaboration between this hospital and the other hospitals 
in England which treat people with lysosomal storage disorders, as well as the Peninsula College 
of Medicine and Dentistry, and the associated patient support groups. We are asking everyone 
(adults and children) in England who has a lysosomal storage disorder to consider being 
part of our study. The study will involve collecting and entering data about the diagnosis and 
management of the patients’ lysosomal storage disorders on a specially designed, secure database. 
We believe that this information will help us understand more about these disorders and the 
effect of treatments on them. Please note that taking part in this study will not alter their medical 
care or their treatment in any way.

We will send you some more information about the study before [patient’s name]’s next clinical 
appointment and when you are both next at the hospital, one of the nurses or doctors involved in 
their care will discuss the study with you both in more detail and answer any questions that you 
may have. Only when you feel you have sufficient information about the study and what we are 
asking you to do, will you be asked to make a decision about whether or not you and [patient’s 
name] are happy for them to take part. Please note that if you decide not to take part, [patient’s 
name]’s care will not be affected in any way.

Please be assured that your details have been added to this letter by hospital staff and have not 
been supplied to anyone outside the hospital.

Thank you for reading this letter and we look forward to meeting you both.

Yours Sincerely

Chief Investigator and Name of treating consultant for that site.
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Appendix 7  

Follow-up letters

Follow-up letter to potential participants

Version 2b (08-04-08)

Treatment centre name
Address

Telephone

Name participant
Address
Date
Dear [name]

You may remember that we wrote to you a little while ago to tell you about a national study we 
are taking part in. We are writing again to enclose more information about the study and to 
remind you that someone will come and talk about the study and your possible involvement 
when you are next at the hospital.

Again, we would like to assure you that you do not have to take part in this study and if you 
decide to take part in this study you can withdraw at any time. If you do not want to take part or 
if you decide to leave the study, your treatment will not be affected in any way. You will be given 
as much time as you would like to decide whether or not to take part.

We hope you find the information sheet useful and would be very happy to answer any questions 
that you have about the study.

Yours sincerely

Name of treating consultant for that site
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Follow-up letter to young participants

Version 2b (08-04-08)

Treatment centre name
Address

Telephone

Name participant
Address
Date
Dear [name]

You may remember that we wrote to you a little while ago to tell you about a national study we 
are taking part in. We are writing again to enclose more information about the study and to 
remind you that someone will come and talk to you and your parents/guardians about the study 
and your possible involvement when you are next at the hospital.

Again, we would like to assure you that you do not have to take part in this study and if you 
decide to take part in this study you can withdraw at any time. If you do not want to take part or 
if you decide to leave the study, your treatment will not be affected in any way. You will be given 
as much time as you need to decide whether or not to take part.

We hope you find the information sheet useful and would be very happy to answer any questions 
that you have about the study.

Yours sincerely

Name of treating consultant for that site
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Follow-up letter to parents/carers

Version 3c (18-06-08)

Treatment centre name
Address

Telephone

Name participant
Address
Date
Dear [name]

You may remember that we wrote to you a little while ago to tell you about a national study we 
are running. We are writing again to enclose more information about the study and to remind 
you that someone will come and talk about the study and [name of person who is cared for] 
possible involvement when you are both next at the hospital.

Again, we would like to assure you that [name of person who is cared for] does not have to take 
part in this study and if you decide that they can take part in this study they are free to withdraw 
at any time. If you do not want them to take part or if you decide that they should then leave the 
study, their treatment will not be affected in any way. You will be given as much time as you need 
to decide whether or not [name of person who is cared for] should take part. Please also note that 
every effort will be made to explain the study to [name] and to gain their views about taking part.

We hope you both find the information sheet useful and would be very happy to answer any 
questions that either of you have about the study.

Yours sincerely

Name of treating consultant for that site
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Follow-up letter to carers of adult participants

Version 1 (24-04-09)

Treatment centre name
Address

Telephone

Name participant
Address
Date
Dear [carer’s name]

You may remember that we wrote to you a little while ago to tell you about a national study we 
are running. We are writing again to enclose more information about the study and to remind 
you that someone will come and talk about the study and [patient name’s] possible involvement 
when you are both next at the hospital.

Again, we would like to assure you that [patient name] does not have to take part in this study 
and if you decide that they can take part in this study they are free to withdraw at any time. If 
you do not want them to take part or if you decide that they should then leave the study, their 
treatment will not be affected in any way. You will be given as much time as you need to decide 
whether or not [patient name] should take part. Please also note that every effort will be made to 
explain the study to [patient name] and to gain their views about taking part.

We hope you both find the information sheet useful and would be very happy to answer any 
questions that either of you have about the study.

Yours sincerely

Name of treating consultant for that site
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Appendix 8  

Patient Information Sheets

Patient Information Sheet for participants

PATIENT INFORMATION SHEET

Lysosomal Storage Disorders a research study

A study to investigate the natural history, effectiveness and cost effectiveness of current and 
emerging treatment options for people with a lysosomal storage disorder

1. What is this all about?
In England approximately 1100 people have been diagnosed with a lysosomal storage disorder, 
such as Gauchers, Fabrys, MPS1, Niemann Pick C or Pompe. The purpose of this study is to 
understand more about these disorders including how they have been diagnosed and how they 
are being treated, Enzyme replacement therapy and substrate reduction therapy are new treatments 
for some lysosomal storage disorders and new therapies are also being developed. In order to 
better understand the effects that these treatments are having, the researchers and doctors at your 
hospital and other hospitals which treat people with these disorders would like to gather together 
information from your hospital notes about the diagnosis and management of your lysosomal 
storage disorder. By collecting information on as many children and adults with these conditions 
as possible, it is hoped to understand these disorders and the effects of their treatments better.

You are invited to participate in this research study. Before you decide whether or not you are 
happy to be part of this study, it is important for you to understand why the research is being 
done and what it would mean to be involved. Please take time to read the following information 
carefully and discuss it with friends, relatives and your doctor if you wish. Please do feel free to 
ask us if there is anything that is not clear or if you would like more information. Please take as 
much time as you need to decide whether or not you wish to take part in this study. 

Thank you for reading this

2. What is the purpose of the study?
Lysosomal storage disorders are a group of rare, inherited diseases. Traditionally, the treatment 
for lysosomal storage disorders has focussed on managing the symptoms of the disease rather 
than treating the disease itself. However, in recent years, treatments which seek to increase the 
level of enzymes in the body, known as enzyme replacement therapies are being developed for 
these disorders.

Enzyme replacement therapies are now available for the treatment of some of the disorders. The 
Peninsula Medical School, in partnership with a patient organisation and the treating hospitals 
would like to understand more about how effective and cost- effective these new treatments are. 
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However, because these conditions are so rare, usual ways of testing how effective a treatment 
is are much harder to carry out. Therefore, we hope to carry out a long term research study, 
whereby we collect information, from all consenting adults and children with these conditions 
over a period of time. If we are able to collect this information over a period of time it should 
help us to understand

■■ how well (or effective) these treatments are
■■ when the best time to start giving these treatments is
■■ what the appropriate doses are
■■ which symptoms led to the diagnosis of the disorder

Another aspect of the study will be to estimate the value for money or cost-effectiveness of these 
treatments. In order to do this we will look at

■■ how frequently people use the NHS
■■ the cost of their treatment
■■ other costs, related to your family

3. Why have I been chosen?
We intend to ask everyone with a diagnosis of a lysosomal storage disorder in the UK, who 
attends one of the 7 English NCG specialist centres, whether they would consider taking part in 
the research. The whole study will last for around three years and we would like everyone who 
agrees to participate to remain in the study until it is completed in 2011.

4. Do I have to take part?
It is entirely up to you to decide whether or not you would like to take part. If you decide that you 
are happy to be part of the study, you will be given a copy of this information sheet to keep and be 
asked to sign a consent form. If you do take part, you will be free to leave the study at any time, 
and will not have to give a reason. Please be assured that not taking part in the study or leaving 
the study will not affect the standard of care that you receive in any way.

5. What will happen to me if I decide to take part?
Once you have thought about the study and asked any questions that you might have, you will be 
asked whether or not you are happy to take part in the study.

If you decide that you are happy to take part you will be asked to agree to share relevant 
information about your condition with the research study team. The researchers will obtain 
information, such as when you were diagnosed, what treatments you are receiving, from your 
hospital notes. This information will be entered onto a separate and secure computer at your 
hospital and added to information collected at other hospitals to get a national picture of 
these conditions.

We would also like you to fill out two or three quality-of-life questionnaires about how you are 
feeling and what you feel able to do. We would also like you to fill out a questionnaire about the 
services you use. If someone cares for you on a regular basis we would like to ask them to fill 
out a questionnaire about the impact this has on them. This should take about 20–30 minutes. 
We will ask you to fill these out when you come to the hospital for your annual review, for the 
duration of the study.

6. What are the possible disadvantages of taking part?
We do not foresee any risk to you should you agree to take part in this study as being in this study 
will not affect your treatment or management of your condition in any way. The time it takes to 
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complete the questionnaires may be an inconvenience for you, although we will ensure that this 
does not add too much extra time to your clinical appointment.

7. What are the possible benefits of taking part?
While we can not say that this study will be of direct benefit to you now, we do believe that it will 
help us to answer questions about lysosomal storage disorders and their treatments in the future. 
For example, we should have a better understanding of when treatments should be started and 
what symptoms could lead to earlier diagnosis of these disorders

 
8. Will my details be kept confidential?

Yes. If you consent to take part in the study, your medical records will be inspected and the 
relevant information entered on to a database designed for this study. Your name however, will 
not be entered on to the database; instead you will be given a unique identifying number and any 
information about you will be related to that number.

All information that is collected about you during the course of the study will be kept strictly 
confidential, and securely for 10 years, in accordance with good research practice guidelines. 
We do not expect to publish any individual information, rather we will look at the data from 
everyone in the study. However, should we publish any data about an individual we will ensure 
that is will not be possible to identify that person from the data.

9. What will happen to the results of the research study?
The results of the research are likely to be known by the end of 2011. The researchers will write 
an annual report updating everyone who has taken part to let them know how the study is 
going. The results will also be published in a medical journal so that other doctors and health 
professionals looking after people with lysosomal storage disorders can learn from it. These 
results should also be really useful for support groups.

No one who takes part in the study will be identified in any report/publication resulting from 
the research.

10. What if something goes wrong?
If you wish to complain or have any concerns about any aspect of the way you have been 
approached or have been treated during the course of this study, the normal National 
Health Service complaints mechanisms are available to you. The details are available on the 
website below:

http://www.nhs.uk/England/AboutTheNhs/ComplainCompliment.cmsx

Alternatively, you can contact the Patient Advice and Liaison Service (PALS) at your local 
hospital where you receive treatment and they will able to assist you with any complaint. The 
details are available below

The PALS desk is in the main reception area at: University College Hospital 235 Euston Road 
London NW1 2BU Monday to Friday 9am to 4pm:

PALS Tel: 020 7380 9975 email: pals@uclh.nhs.uk

<insert hospital logo here> UCL Hospitals is an NHS Foundation Trust incorporating the 
Eastman Dental Hospital, Elizabeth Garrett Anderson & Obstetric Hospital, The Heart Hospital, 
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Hospital for Tropical Diseases, The Middlesex Hospital, National Hospital for Neurology & 
Neurosurgery, The Royal London Homoeopathic Hospital and University College Hospital.

Please see study website for a list and links to the major national support groups: http://www.
pms.ac.uk/ncslsd

Who is funding and organising the study?

The research is funded by the Health Technology Assessment Programme, which is part of the 
Department of Health. The research is organised by a team from the Peninsula Medical School in 
collaboration with:

■■ Manchester Children’s Hospital
■■ Hope Hospital, Salford
■■ Great Ormond Street Hospital
■■ Royal Free Hospital, London
■■ National Hospital for Neurology & Neurosurgery, London
■■ Addenbrookes Hospital, Cambridge
■■ Birmingham Children’s Hospital
■■ Gauchers Association

Please note your consultant will not be paid for your participation in this project.

Who has reviewed the study?

The protocol for this study has been reviewed and approved by the Southwest Multi-Centre 
Research Ethics Committee.

Contact for Further Information

If you would like any further information about the research, please contact:

<NCS-LSD Study Coordinator>
Peninsula College of Medicine & Dentistry
St Luke’s Campus
Heavitree Road
Exeter
EX1 2LU

Please replace with local information i.e. the research nurses/analyst contact details
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OR

<PI NCS-LSD Study>
Peninsula College of Medicine & Dentistry
St Luke’s Campus
Heavitree Road
Exeter
EX1 2LU

Please replace with local information i.e. the name and contact details of the clinician

Thank you for taking time to consider this study.

If you decide to take part, you will be given a signed consent form to keep for your records.



352 Appendix 8

Patient Information Sheet for carer

PATIENT INFORMATION SHEET

Lysosomal Storage Disorders – a research study

A study to understand the natural history, effectiveness and cost effectiveness of current and 
emerging treatments for children with a lysosomal storage disorder and their families

Version 8 03-06-09

1. What is this all about?
In England approximately 1100 people have been diagnosed with a lysosomal storage disorder, 
such as Gauchers, Fabrys, MPS1, Niemann Pick C or Pompe. The purpose of this study is to 
understand more about these disorders including how they have been diagnosed and how they 
are being treated. Enzyme replacement therapy and substrate reduction therapy are new treatments 
for some lysosomal storage disorders and new therapies are also being developed. In order to 
better understand the effects that these treatments are having, the researchers and doctors at your 
hospital and other hospitals which treat people with these disorders would like to gather together 
information from your hospital notes about the diagnosis and management of your lysosomal 
storage disorder. By collecting information on as many children and adults with these conditions 
as possible, it is hoped to understand these disorders and the effects of their treatments better.

Your child is invited to participate in this research study. Before you decide whether or not you 
are happy to be part of this study, it is important for you to understand why the research is being 
done and what it would mean to be involved. Please take time to read the following information 
carefully and discuss it with friends, relatives and your doctor if you wish. Please do feel free to 
ask us if there is anything that is not clear or if you would like more information. Please take as 
much time as you need to decide whether or not you wish to take part in this study.

Thank you for reading this

2. What is the purpose of the study?
Lysosomal storage disorders are a group of rare, inherited diseases. Traditionally, the treatment 
for lysosomal storage disorders has focussed on managing the symptoms of the disease rather 
than treating the disease itself. However, in recent years, treatments which seek to increase the 
level of enzymes in the body, known as enzyme replacement therapies are being developed for 
these disorders.

Enzyme replacement therapies are now available for the treatment of some of the disorders. The 
Peninsula Medical School, in partnership with a patient organisation and the treating hospitals 
would like to understand more about how effective and cost- effective these new treatments are. 
However, because these conditions are so rare, usual ways of testing how effective a treatment is 
are much harder to carry out, we hope to carry out a long term research study, whereby we collect 
information, from all consenting children and adults with these conditions over a period of time. 
If we are able to collect this information over a period of time it should help us to understand
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■■ how well (or effective) these treatments are
■■ when the best time to start giving these treatments is
■■ what the appropriate doses are
■■ which symptoms led to the diagnosis of the disorder

Another aspect of the study will be to estimate the value for money or cost-effectiveness of these 
treatments. In order to do this we will look at

■■ how frequently people use the NHS
■■ the cost of their treatment
■■ other costs, related to your family

3. Why has my child been chosen?
We intend to ask everyone with a diagnosis of a lysosomal storage disorder in the UK, who 
attends one of the 7 English NCG specialist centres, whether they would consider taking part in 
the research. The whole study will last for around three years and we would like everyone who 
agrees to participate to remain in the study until it is completed in 2011.

4. Do I have to take part?
It is entirely up to you to decide whether or not you would like your child to take part. If you 
decide that you are happy for them to be part of the study, you will be given a copy of this 
information sheet to keep and be asked to sign a consent form. If they do take part, they will be 
free to leave the study at any time, and will not have to give a reason. Please be assured that not 
taking part in the study or leaving the study will not affect the standard of care that they receive 
in any way.

5. What will happen to my child if they take part?
Once you have thought about the study and asked any questions that you might have, you will be 
asked whether or not you are happy for your child to take part in the study.

If you decide that you are happy for your child to take part you will be asked to agree to share 
relevant information about your child’s condition with the research study team. The researchers 
will obtain information, such as when your child was diagnosed, what treatments they are 
receiving, from their hospital notes. This information will be entered onto a separate and secure 
computer at your child’s hospital and added to information collected at other hospitals to get a 
national picture of these conditions.

We would also like you to fill out two or three quality-of-life questionnaires about how you 
think your child is feeling and what you feel they are able to do. We will ask your child to 
complete these questionnaires if you think this appropriate. We would also like you to fill out two 
questionnaires about the services your child uses and the impact that your child’s condition has 
on you. This should take about 20-30 minutes. We will ask you to fill these out when your child 
comes to the hospital for their annual review, for the duration of the study.

6. What are the possible disadvantages of taking part?
We do not foresee any risk to your child being part of this study as being in this study will not 
affect their treatment or management of their condition in any way. The time it takes to complete 
the questionnaires may be an inconvenience for you, although we will ensure that this does not 
add too much extra time to their clinical appointment.
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7. What are the possible benefits of taking part?
While we can not say that this study will be of direct benefit to you and your child now, we 
do believe that it will help us to answer questions about lysosomal storage disorders and their 
treatments in the future. For example, we should have a better understanding of when treatments 
should be started and what symptoms could lead to earlier diagnosis of these disorders

8. Will my child’s details be kept confidential?
Yes. If you consent for your child to take part in the study, their medical records will be inspected 
and the relevant information entered on to a database designed for this study. Their name 
however, will not be entered on to the database; instead they will be given a unique identifying 
number and any information about them will be related to that number.

All the information that is collected about your child during the course of the study will be 
kept strictly confidential, and securely for 10 years, in accordance with good research practice 
guidelines. We do not expect to publish any individual information; rather we will look at the 
data from everyone in the study. However, should we publish any data about an individual we 
will ensure that is will not be possible to identify that person from the data.

9. What will happen to the results of the research study?
The results of the research are likely to be known by the end of 2011. The researchers will write an 
annual report updating everyone who has taken part to let them know how the study is going.

The results will also be published in a medical journal so that other doctors and health 
professionals looking after people with lysosomal storage disorders can learn from it. These 
results should also be really useful for support groups.

No one who takes part in the study will be identified in any report/publication resulting from 
the research.

10. What if something goes wrong?
If you wish to complain or have any concerns about any aspect of the way you and your child 
have been approached or have been treated during the course of this study, the normal National 
Health Service complaints mechanisms are available to you. The details are available on the 
website below:

http://www.nhs.uk/England/AboutTheNhs/ComplainCompliment.cmsx

Alternatively, you can contact the Patient Advice and Liaison Service (PALS) at your local 
hospital where you receive treatment and they will able to assist you with any complaint. The 
details are available below

The PALS desk is in the main reception area at: <insert contact details here>

<insert hospital logo here> UCL Hospitals is an NHS Foundation Trust incorporating the 
Eastman Dental Hospital, Elizabeth Garrett Anderson & Obstetric Hospital, The Heart Hospital, 
Hospital for Tropical Diseases, The Middlesex Hospital, National Hospital for Neurology & 
Neurosurgery, The Royal London Homoeopathic Hospital and University College Hospital.

Please see study website for a list and links to the major national support groups:  
http://www.pms.ac.uk/ncslsd
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Who is funding and organising the study?

The research is funded by the Health Technology Assessment Programme, which is part of the 
Department of Health. The research is organised by a team from the Peninsula Medical School in 
collaboration with:

■■ Manchester Children’s Hospital
■■ Hope Hospital, Salford
■■ Great Ormond Street Hospital
■■ Royal Free Hospital, London
■■ National Hospital for Neurology & Neurosurgery, London
■■ Addenbrookes Hospital, Cambridge
■■ Birmingham Children’s Hospital
■■ Gauchers Association

Please note your consultant will not be paid for your participation in this project.

Who has reviewed the study?

The protocol for this study has been reviewed and approved by the Southwest Multi-Centre 
Research Ethics Committee.

Contact for Further Information

If you would like any further information about the research, please contact:

<NCS-LSD Study Coordinator >
Peninsula College of Medicine & Dentistry
St Luke’s Campus
Heavitree Road
Exeter
EX1 2LU

Please replace with local information i.e. the research nurses/analyst contact details

OR

<PI NCS-LSD Study>
Peninsula College of Medicine & Dentistry
St Luke’s Campus
Heavitree Road
Exeter
EX1 2LU

Please replace with local information i.e. the name and contact details of the clinician
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Thank you for taking time to consider this study.

If you decide to take part you will be a signed consent form to keep for your records.
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Patient Information Sheet for consultees

PATIENT INFORMATION SHEET

Lysosomal Storage Disorders – a research study

A study to understand the natural history, effectiveness and cost effectiveness of current and 
emerging treatments for children with a lysosomal storage disorder and their families

Version 2 03-06-09

1. What is this all about?
In England approximately 1100 people have been diagnosed with a lysosomal storage disorder, 
such as Gauchers, Fabrys, MPS1, Niemann Pick C or Pompe. The purpose of this study is to 
understand more about these disorders including how they have been diagnosed and how they 
are being treated. Enzyme replacement therapy and substrate reduction therapy are new treatments 
for some lysosomal storage disorders and new therapies are also being developed. In order to 
better understand the effects that these treatments are having, the researchers and doctors at your 
hospital and other hospitals which treat people with these disorders would like to gather together 
information from your hospital notes about the diagnosis and management of your lysosomal 
storage disorder. By collecting information on as many children and adults with these conditions 
as possible, it is hoped to understand these disorders and the effects of their treatments better.

The person in your care is invited to participate in this research study. Before you decide whether 
or not you are happy for the person you care for to be part of this study, it is important for you to 
understand why the research is being done and what it would mean to be involved. Please take 
time to read the following information carefully and discuss it with friends, relatives and the 
patient’s doctor if you wish. Please do feel free to ask us if there is anything that is not clear or if 
you would like more information. Please take as much time as you need to decide whether or not 
the person in your care should take part in this study.

Thank you for reading this

2. What is the purpose of the study?
Lysosomal storage disorders are a group of rare, inherited diseases. Traditionally, the treatment 
for lysosomal storage disorders has focussed on managing the symptoms of the disease rather 
than treating the disease itself. However, in recent years, treatments which seek to increase the 
level of enzymes in the body, known as enzyme replacement therapies are being developed for 
these disorders.

Enzyme replacement therapies are now available for the treatment of some of the disorders. The 
Peninsula Medical School, in partnership with a patient organisation and the treating hospitals 
would like to understand more about how effective and cost- effective these new treatments are. 
However, because these conditions are so rare, usual ways of testing how effective a treatment is 
are much harder to carry out, we hope to carry out a long term research study, whereby we collect 
information, from all consenting children and adults with these conditions over a period of time. 
If we are able to collect this information over a period of time it should help us to understand
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■■ how well (or effective) these treatments are
■■ when the best time to start giving these treatments is
■■ what the appropriate doses are
■■ which symptoms led to the diagnosis of the disorder

Another aspect of the study will be to estimate the value for money or cost-effectiveness of these 
treatments. In order to do this we will look at

■■ how frequently people use the NHS
■■ the cost of their treatment
■■ other costs, related to your family

3. Who is taking part in this study?
We intend to ask everyone with a diagnosis of a lysosomal storage disorder in the UK, who 
attends one of the 7 NCG specialist centres in England, whether they would consider taking part 
in the research. The whole study will last for around three years and we would like everyone who 
agrees to participate to remain in the study until it is completed in 2011.

4. What is my role in this study?
As a carer of someone with a lysosomal storage disorder who lacks capacity, we ask you to act as 
their personal consultee. The role of personal consultee will mean that our researchers will:

■■ Ask you for advice about whether the person in your care should take part in the project, and
■■ What you think the person’s feelings and wishes would be, if they had capacity to decide 

whether to take part.

You are not obliged to undertake the role of consultee if they do not wish to do so. If you do not 
feel able to take on the role of consultee, then you may suggest that someone else takes on the 
role, or ask that a nominated consultee be appointed.

5. Does the person in my care have to take part?
It is important that we consider the wishes and feelings of the person in your care, when deciding 
whether or not they would like to take part in this study. As the patient’s personal consultee, if 
you decide that you are happy for them to be part of the study, you will be given a copy of this 
information sheet to keep and be asked to sign a consent form. If they do take part, they will be 
free to leave the study at any time, and will not have to give a reason. Please be assured that not 
taking part in the study or leaving the study will not affect the standard of care that they receive 
in any way.

6. What will happen to the person in my care if they take part?
Once you have thought about the study and asked any questions that you might have, you will be 
asked whether or not you are happy for the person in your care to take part in the study.

If you are happy for the person you care for to take part, you will be asked to agree to share 
relevant information about their condition with the research study team. The researchers will 
obtain information, such as date of diagnosis and treatments they are receiving, from their 
hospital notes. This information will be entered onto a separate and secure computer and added 
to information collected at other hospitals to get a national picture of these conditions.

We would also like you to fill out two or three quality-of-life questionnaires about how you think 
the person in your care is feeling and what you feel they are able to do. We would also like you 
to fill out two questionnaires about the services you and the patient use and the impact that the 
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patient’s condition has on you. This should take about 20–30 minutes. We will ask you to fill these 
out when the person in your care comes to the hospital for their annual review, for the duration 
of the study.

7. What are the possible disadvantages of taking part?
We do not foresee any risk to the patient by taking part in this study as being in this study will not 
affect their treatment or management of their condition in any way. The time it takes to complete 
the questionnaires may be an inconvenience for you, although we will ensure that this does not 
add too much extra time to their clinical appointment.

8. What are the possible benefits of taking part?
While we can not say that this study will be of direct benefit to you and the person in your care 
now, we do believe that it will help us to answer questions about lysosomal storage disorders 
and their treatments in the future. For example, we should have a better understanding of 
when treatments should be started and what symptoms could lead to earlier diagnosis of 
these disorders

9. Will personal details be kept confidential?
Yes. If you consent for the person in your care to take part in the study, their medical records 
will be inspected and the relevant information entered on to a database designed for this study. 
Their name however, will not be entered on to the database; instead they will be given a unique 
identifying number and any information about them will be related to that number.

All the information that is collected about the patient during the course of the study will be 
kept strictly confidential, and securely for 10 years, in accordance with good research practice 
guidelines. We do not expect to publish any individual information; rather we will look at the 
data from everyone in the study. However, should we publish any data about an individual we 
will ensure that it will not be possible to identify that person from the data.

10. What will happen to the results of the study?
The results of the research are likely to be known by the end of 2011. The researchers will write an 
annual report updating everyone who has taken part to let them know how the study is going.

The results will also be published in a medical journal so that other doctors and health 
professionals looking after people with lysosomal storage disorders can learn from it. These 
results should also be really useful for support groups.

No one who takes part in the study will be identified in any report/publication resulting from 
the research.

11. What if something goes wrong?
If you wish to complain or have any concerns about any aspect of the way you or the person in 
your care have been approached or have been treated during the course of this study, the normal 
National Health Service complaints mechanisms are available to you. The details are available on 
the website below:

http://www.nhs.uk/England/AboutTheNhs/ComplainCompliment.cmsx

Alternatively, you can contact the Patient Advice and Liaison Service (PALS) at your local 
hospital where you receive treatment and they will able to assist you with any complaint. The 
details are available below
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The PALS desk is in the main reception area at: <insert contact details here>

UCL Hospitals is an NHS Foundation Trust incorporating the Eastman Dental Hospital, 
Elizabeth Garrett Anderson & Obstetric Hospital, The Heart Hospital, Hospital for Tropical 
Diseases, The Middlesex Hospital, National Hospital for Neurology & Neurosurgery, The Royal 
London Homoeopathic Hospital and University College Hospital.

Please see study website for a list and links to the major national support groups: http://www.
pms.ac.uk/ncslsd

Who is funding and organising the study?

The research is funded by the Health Technology Assessment Programme, which is part of the 
Department of Health. The research is organised by a team from the Peninsula Medical School in 
collaboration with:

■■ Manchester Children’s Hospital
■■ Hope Hospital, Salford
■■ Great Ormond Street Hospital
■■ Royal Free Hospital, London
■■ National Hospital for Neurology & Neurosurgery, London
■■ Addenbrookes Hospital, Cambridge
■■ Birmingham Children’s Hospital
■■ Gauchers Association.

Please note your consultant will not be paid for your participation in this project.

Who has reviewed the study?

The protocol for this study has been reviewed and approved by the Southwest Multi-Centre 
Research Ethics Committee.

Contact for Further Information

If you would like any further information about the research, please contact:

<NCS-LSD Study Coordinator >
Peninsula College of Medicine & Dentistry
St Luke’s Campus
Heavitree Road
Exeter
EX1 2LU

Please replace with local information i.e. the research nurses/analyst contact details
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OR

<PI NCS-LSD Study>
Peninsula College of Medicine & Dentistry
St Luke’s Campus
Heavitree Road
Exeter
EX1 2LU

Please replace with local information i.e. the name and contact details of the clinician

Thank you for taking time to consider this study.

If you decide to take part you will be given a signed consent form to keep for your records.
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Appendix 9  

Consent Forms
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Consent form for participants

Consent form for participants

CCOONNSSEENNTT FFOORRMM FFOORR PPAARRTTIICCIIPPAANNTTSS
Centre SAL/ MAN/ B’HAM/ CAM/ GOSH/ RF/ ICH          

Title of Project:   A study to investigate the natural history, 
effectiveness and cost effectiveness of current and emerging 
treatment options for people with lysosomal storage disorders

Name of Chief Investigator: Professor Stuart Logan
Name of Principle Investigator: Please add in clinician

Study Number:

         Please initial box

1. I confirm that I have read and understand the information leaflet (dated 
xx/xx/xx) for the above study and have had the opportunity to ask 
questions.

2. I understand that my participation is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my medical care 
or other legal rights being affected.

3. I understand that sections of any of my medical notes may be looked at by 
responsible individuals from the NCS-LSD Team, for the purpose of 
extracting material for incorporation in the proposed database, or from
regulatory authorities. I give permission for these individuals to have 
access to my records.

4. I understand that at my annual review I will be asked to complete some
questionnaires relating to quality of life and service use.

5. I give permission for my GP to be informed of my participation in 
this study.

6. I agree to take part in this research.

    

________________________ ________________ ____________________
Name of Participant Date Signature

_________________________ ________________ ____________________
Name of Person taking consent Date Signature
(if different from researcher)

_________________________ ________________ ____________________
Researcher Date Signature

3 copies: 1 for participant; 1 for researcher; 1 to be kept with hospital notes
LSD_Con, Appendix 7 Version 6: 14-11-08
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Consent form for participants (notes only)

Consent form for participants notes only

CCOONNSSEENNTT FFOORRMM FFOORR PPAARRTTIICCIIPPAANNTTSS
Centre SAL/ MAN/ B’HAM/ CAM/ GOSH/ RF/ ICH

Title of Project:   A study to investigate the natural history, effectiveness 
and cost effectiveness of current and emerging treatment options for 
people with lysosomal storage disorders

Name of Chief Investigator: Professor Stuart Logan
Name of Principle Investigator: Please add in clinician

Study Number:

         Please initial box

1. I confirm that I have read and understand the information leaflet (dated 
xx/xx/xx) for the above study and have had the opportunity to ask 
questions.

2. I understand that my participation is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my medical care 
or other legal rights being affected.

3. I understand that sections of any of my medical notes may be looked at by 
responsible individuals from the NCS-LSD Team, for the purpose of 
extracting material for incorporation in the proposed database, or from
regulatory authorities. I give permission for these individuals to have 
access to my records.

4. I agree to the collection of my personal data but I do not wish to 
participate in the completion of questionnaires.

5. I give permission for my GP to be informed of my participation in 
this study.

6. I agree to take part in this research.

    

________________________ ________________ ____________________
Name of Participant Date Signature

_________________________ ________________ ____________________
Name of Person taking consent Date Signature
(if different from researcher)

_________________________ ________________ ____________________
Researcher Date Signature

3 copies: 1 for participant; 1 for researcher; 1 to be kept with hospital notes
LSD_Con , Appendix 7B, version 3: 15-11-08
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Additional consent form for participants who attend clinic for 
additional hospital visits

App 7c Consent form for participants (additional visits) v 1 23.09.09

AADDDDIITTIIOONNAALL CCOONNSSEENNTT FFOORRMM FFOORR
PPAARRTTIICCIIPPAANNTTSS WWHHOO AATTTTEENNDD CCLLIINNIICC FFOORR
AADDDDIITTIIOONNAALL HHOOSSPPIITTAALL VVIISSIITTSS

Centre SAL/ MAN/ B’HAM/ CAM/ GOSH/ RF/ ICH          

Title of Project:   A study to investigate the natural history, 
effectiveness and cost effectiveness of current and emerging 
treatment options for people with lysosomal storage disorders

Name of Chief Investigator: Professor Stuart Logan
Name of Principal Investigator: Please add in clinician

Study Number:

Thank you very much for your previous consent to participate in the National Collaborative 
Study of Lysosomal Storage Disorders. We are aware that your clinician has changed your 
treatment regimen due to a current world shortage of your treatment drug, and we would like to 
know more about how this is affecting you and your family. We would therefore like you to 
complete a further set of Quality of Life and Service Use Questionnaires at this additional 
hospital visit, and any other visit you might attend prior to your next annual review.

The questionnaires are exactly the same as those you previously completed at your annual 
review. We are asking for this additional consent, as previously we asked your permission to 
complete these questionnaires only at your annual review.

         Please initial box

1. I confirm that I have previously consented to participate in the NCS-LSD 
Study. 

2. I understand that my participation is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my medical care 
or other legal rights being affected.

3. I understand that I will be asked to complete some questionnaires relating 
to quality of life and service use at each of my hospital visits.

4. I agree to take part in this research.

    

________________________ ________________ ____________________
Name of Participant Date Signature

_________________________ ________________ ____________________
Name of Person taking consent Date Signature

3 copies: 1 for participant; 1 for researcher; 1 to be kept with hospital notes
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Consent form for parents/carers

Consent form for parent/carer

CCOONNSSEENNTT FFOORRMM FFOORR PPAARREENNTTSS// CCAARREERRSS

Centre SAL/ MAN/ B’HAM/ CAM/ GOSH/ RF/ ICH          

Title of Project:   A study to investigate the natural history, 
effectiveness and cost effectiveness of current and emerging 
treatment options for people with lysosomal storage disorders

Name of Chief Investigator: Professor Stuart Logan
Name of Principle Investigator: Please add in clinician

Study Number:

         Please initial box

1. I confirm that I have read and understand the information leaflet (dated 
xx/xx/xx) for the above study and have had the opportunity to ask 
questions.

2. I understand that my child’s participation is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my or my child’s 
medical care or other legal rights being affected.

3. I understand that sections of any of my child’s medical notes may be 
looked at by responsible individuals from the NCS-LSD Team, for the 
purpose of extracting material for incorporation in the proposed database,
or from regulatory authorities. I give permission for these individuals to 
have access to my child’s records.

4. I understand that my child will be asked to complete some age- appropriate 
quality of life questionnaires at his/her annual review.

5. I understand that I will be asked to complete some questionnaires about 
my child and two further questionnaires related to service use and family 
impact.

6. I give permission for my child’s GP to be informed of their participation in 
this study

7. I agree for my child to take part in this research.

    
Name of Child

________________________ ________________ ____________________
Name of Parent Date Signature

_________________________ ________________ ____________________
Name of Person taking consent Date Signature
(if different from researcher)

_________________________ ________________ ____________________
Researcher Date Signature

3 copies: 1 for parent; 1 for researcher; 1 to be kept with hospital notes
LSD_Con Appendix 8 Version 6 15-11-08
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Consent form for parents/carers (notes only)

Consent form for parent/carer notes only

CCOONNSSEENNTT FFOORRMM FFOORR PPAARREENNTTSS// CCAARREERRSS

Centre SAL/ MAN/ B’HAM/ CAM/ GOSH/ RF/ ICH           

Title of Project:   A study to investigate the natural history, effectiveness 
and cost effectiveness of current and emerging treatment options for 
people with lysosomal storage disorders

Name of Chief Investigator: Professor Stuart Logan
Name of Principle Investigator: Please add in clinician

Study Number:
         Please initial box

1. I confirm that I have read and understand the information leaflet (dated 
xx/xx/xx) for the above study and have had the opportunity to ask 
questions.

2. I understand that my child’s participation is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my or my child’s 
medical care or other legal rights being affected.

3. I understand that sections of any of my child’s medical notes may be 
looked at by responsible individuals from the NCS-LSD Team, for the 
purpose of extracting material for incorporation in the proposed database,
or from regulatory authorities. I give permission for these individuals to 
have access to my child’s records.

4. I agree to my childs information being collected but do not wish to 
complete any additional questionnaires.

5. I give permission for my child’s GP to be informed of their participation in 
this study.

6. I agree for my child to take part in this research.

    
Name of Child

________________________ ________________ ____________________
Name of Parent Date Signature

_________________________ ________________ ____________________
Name of Person taking consent Date Signature
(if different from researcher)

_________________________ ________________ ____________________
Researcher Date Signature

3 copies: 1 for parent; 1 for researcher; 1 to be kept with hospital notes
LSD_Con, Appendix 8B, Version 3: 15-11-08
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Consent for parents (additional visits)

App 8c Consent form for parent/carer (additional visits) v 1 23.09.09

AADDDDIITTIIOONNAALL CCOONNSSEENNTT FFOORRMM FFOORR
PPAARREENNTTSS//CCAARREERRSS OOFF PPAATTIIEENNTTSS WWHHOO AATTTTEENNDD
CCLLIINNIICC FFOORR AADDDDIITTIIOONNAALL HHOOSSPPIITTAALL VVIISSIITTSS

Centre SAL/ MAN/ B’HAM/ CAM/ GOSH/ RF/ ICH          

Title of Project:   A study to investigate the natural history, 
effectiveness and cost effectiveness of current and emerging 
treatment options for people with lysosomal storage disorders

Name of Chief Investigator: Professor Stuart Logan
Name of Principal Investigator: Please add in clinician

Study Number:

Thank you very much for your previous consent for your child to participate in the National 
Collaborative Study of Lysosomal Storage Disorders. We are aware that your child’s clinician 
has changed their treatment regimen due to a current world shortage of their treatment drug, 
and we would like to know more about how this is affecting them and your family. We would 
therefore like you to complete a further set of Quality of Life and Service Use Questionnaires at 
this additional hospital visit, and any other visit your child might attend prior to their next annual 
review.

The questionnaires are exactly the same as those you previously completed at your child’s 
annual review. We are asking for this additional consent, as previously we asked your 
permission to complete these questionnaires only at your child’s annual review.

         Please initial box

1. I confirm that I have previously consented for my child to participate in the 
NCS-LSD Study. 

2. I understand that my child’s participation is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my child’s medical 
care or other legal rights being affected.

3. I understand that I will be asked to complete some questionnaires relating 
to quality of life and service use at each of my child’s additional hospital
visits.

4. I agree for my child to take part in this research.

       
Name of Child

________________________ ________________ ____________________
Name of Parent / carer Date Signature

_________________________ ________________ ____________________
Name of Person taking consent Date Signature

3 copies: 1 for participant; 1 for researcher; 1 to be kept with hospital notes
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Consent form for consultees

Consent form for Consultees

CCOONNSSEENNTT FFOORRMM FFOORR CCOONNSSUULLTTEEEESS

Centre SAL/ MAN/ B’HAM/ CAM/ GOSH/ RF/ ICH          

Title of Project:   A study to investigate the natural history, 
effectiveness and cost effectiveness of current and emerging 
treatment options for people with lysosomal storage disorders

Name of Chief Investigator: Professor Stuart Logan
Name of Principle Investigator: Please add in clinician

Study Number:

         Please initial box
1. I confirm that I have read and understand the information leaflet (dated 

xx/xx/xx) for the above study and have had the opportunity to ask 
questions.

2. I understand that participation in this study is voluntary and that the 
participant is free to withdraw at any time, without giving any reason, and 
without medical care or other legal rights being affected.

3. I understand that sections of the participant’s medical notes may be looked 
at by responsible individuals either from the NCS-LSD Team for the 
purpose of extracting material for incorporation in the proposed database
or from regulatory authorities and I give permission for these individuals to 
have access to the participant’s records.

4. I understand that I will be asked to complete some quality of life 
questionnaires about the participant and two further questionnaires 
related to service use and family impact.

5. I give permission for the participant’s GP to be informed of their 
participation in this study

6. I agree for the participant to take part in this research.

Name of Participant__________________________________________________________
   

________________________ ________________ ____________________
Name of Consultee Date Signature

_________________________ ________________ ____________________
Name of Person taking consent Date Signature
(if different from researcher)

_________________________ ________________ ____________________
Researcher Date Signature

3 copies: 1 for Consultee; 1 for researcher; 1 to be kept with hospital notes
LSD_Con Appendix 25 Version 1 10-12-08
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Consent form for consultees (notes only)

Consent form for Consultees, no questionnaires

CCOONNSSEENNTT FFOORRMM FFOORR CCOONNSSUULLTTEEEESS

Centre SAL/ MAN/ B’HAM/ CAM/ GOSH/ RF/ ICH          

Title of Project:   A study to investigate the natural history, 
effectiveness and cost effectiveness of current and emerging 
treatment options for people with lysosomal storage disorders

Name of Chief Investigator: Professor Stuart Logan
Name of Principle Investigator: Please add in clinician

Study Number:

         Please initial box
1. I confirm that I have read and understand the information leaflet (dated 

xx/xx/xx) for the above study and have had the opportunity to ask 
questions.

2. I understand that participation in this study is voluntary and that the 
participant is free to withdraw at any time, without giving any reason, and 
without medical care or other legal rights being affected.

3. I understand that sections of the participant’s medical notes may be looked 
at by responsible individuals either from the NCS-LSD Team for the 
purpose of extracting material for incorporation in the proposed database
or from regulatory authorities and I give permission for these individuals to 
have access to the participant’s records.

4. I agree to the participant’s information being collected but do not wish to 
complete any additional questionnaires

5. I give permission for the participant’s GP to be informed of their 
participation in this study

6. I agree for the participant to take part in this research.

Name of Participant_________________________________________________________

________________________ ________________ ____________________
Name of Consultee Date Signature

_________________________ ________________ ____________________
Name of Person taking consent Date Signature
(if different from researcher)

_________________________ ________________ ____________________
Researcher Date Signature

3 copies: 1 for Consultee; 1 for researcher; 1 to be kept with hospital notes
LSD_Con Appendix 25B Version 1 10-12-08
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Appendix 10  

Letter to general practitioner

GP notify letter – participants

Hospital Address
Telephone number

GP
GP Address 1
GP Address 2
GP Address 3
City
County
Postcode

DATE

Dear

Re: Individual’s first name; individual middle name; individual’s surname DOB: 
Address: Address 1; Address 2; Address 3; City, County, Postcode

I am writing to inform you that Individual NAME has given consent to be part of the 
National Longitudinal Cohort Study for People with Lysosomal Storage Disorders.
This is a non-interventional study and will not affect the treatment or management of 
NAME in any way. 

I have enclosed the Patient Information Sheet which will provide you with more 
details about our research.

If you have any queries or require further information please feel free to contact 
Professor Stuart Logan, the study Chief Investigator on 01392 262963, or myself on 
the number above.

Yours sincerely

Name of PI at site
On behalf of the National Collaborative Study of Lysosomal Storage Disorders
Version 5: 01-12-08
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Appendix 11  

Clinical Record Forms
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Appendix 11a Clinical Record Form for Gaucher 
disease patients

Gaucher                                                                                                             Patient:

Date of visit ___/ ___ / _____                                                               

Gaucher CRFs 

Inclusion Criteria

Has Clinician given consent for the patient or their carer to be approached?

No     Do not continue
Yes 

Has the patient given informed signed consent?

No     Do not continue
Yes 

Has the parent/carer given informed signed consent?

No     Do not continue
Yes 

Reason for not giving consent (if given):

_____________________________________________________

The patient is consented for:

Records Only     
Records and Questionnaires 

Hospital ID  _________

Patient Identification number ________

Date of consent __ __ / __ __ / __ __ __ __

Version of consent form:  ______
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Patient Information 

General Patient Information for Gauchers Adults and Children

To be completed following consent

Date of birth __ __ / __ __ / __ __ __ __ 

Patient age, in years, at date of consent _______________

Gender: Male   
Female 

Type of Gaucher
 Type 1 (Adult onset, no abnormal eye movement)
 Type 3 (Abnormal eye movement)

Does the patient have a carer? No   
Yes 

Onset of first symptom 

The date of onset of first symptom is:
Roughly / exactly / can’t remember:    Month and Year ___ / ____ if month unknown just enter year

Other family members affected?
No 
Yes 
Unknown 

If Yes how many --
Relationship/s to patient Mother 

Father 
Sibling 
Other  Please specify____________

Month and Year of Diagnosis Month and Year _____/____________

Method of diagnosis (tick any appropriate)
Recorded 
Not recorded 

Glucocerebrosidase Enzyme Normal 
Deficient 
Not recorded 
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DNA mutation Yes   No    Not known 

If yes amino acid effect: N370S/L444P  
Pick one N370S/N370S 

N370S/84GG 
N370S/D409H 
N370S/IVS2+1 
N370S/unknown
L444P/unknown 
L444P/D409H 
L444P/L444P 
Other please specify: --------------------

Bone marrow Biopsy negative  positive  Not recorded 

Current Employment Status

Paid Employed 
Unemployed  Full time 
Unpaid Employment        Part time 
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Type of Gauchers:

Definitions for classification:
Type 1 Adult onset, no abnormal eye movement (if not type 2 or 3 then type 1)
Type 2 Infantile onset, acute neuronopathic
Type 3 Abnormal eye movement

Type 1

Does the patient have Neurological involvement? No 
Yes  If Yes:

                Peripheral neuropathy: Yes   No   
           Parkinsonian features: Yes   No  If yes:

Age of presentation _____ 

Is the patient on treatment for Parkinsonian features?  No 
Yes 

Please specify ___________

Does the patient have Dementia: No   
Yes   

Does the patient have another type of neurological involvement? 
No   
Yes   

Please Specify ____________

Type 3 
Abnormal eye movement No   Yes   

Has diagnosis changed before entry on to study? No   Yes    

Please give date of change of diagnosis from Type 1 To: Type 3 __ __ / __ __ / __ __ __ __ 
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Reason for diagnosis:

Was the patient detected by family screening No 
Yes 

Chitotriosidase genotype +/+ normal
+/-
-/- no chito, null

Measure date: __ __ / __ __ / __ __ __ __   (moved)

Did the patient present with symptoms No 
Yes  

What symptoms did the patient present with?

Type 1: (pick one or more)
Organomegaly 
Bone pain 
Unexpected finding in biopsy 
Other (please specify) _____________________________
During pregnancy 

Full blood count: Thrombocytopenia 
Complications during delivery 
Antenatal test- Family screening 
(Previous child with LSD)

Type 3: 
Is presentation: Visceral 

Neurological 
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Withdrawal from the study

Is the patient still in the full study? No 
Yes 

Withdrawal date: __ __ / __ __ / __ __ __ __

Reason for Withdrawal

 Patient has life threatening disease
 Failure to comply (due to medication)
 Evidence of disease progression
 Patient is pregnant
 Death
 Patient is on a clinical trial
 Questionnaire burden
 Patient turned 16 and didn’t re-consent
 Other   Please specify_____________________________

Continue in the study notes only? No 
Yes 

Record of death

Date of death: __ __ / __ __ / __ __ __ __

Did clinician certify this death as condition related? No 
Yes 

Please record the wording from the dearth certificate:

Part 1a ------------------- Free text (Disease or condition directly leading to death)

Part 1b ------------------- Free text (Other disease or condition, if any, leading to 1a)

Part 1c ------------------- Free text (Other disease or condition, if any, leading to 1b)

Part 2 ------------------- Free text (Other significant conditions CONTRIBUTING TO THE DEATH but not related to the 
disease or condition causing it)
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Haematological

Spleen 

Enlarged or normal from scan? No   
Yes  

Measure date: __ __ / __ __ / __ __ __ __

Size or volume available from scan? No   
Yes  

Volume: ____ ml

And/Or

Size (cm) ______

Measure date: __ __ / __ __ / __ __ __ __

Enlarged on palpation No   
Yes  

Measure date: __ __ / __ __ / __ __ __ __

Has the patient been Splenectomised? No   
Yes   

Reason for Splenectomy: _____________________

Date of splenectomy              __ __ / __ __ / __ __ __ __

Splenectomy: full 
partial 

Platelet count
Done  
Not done 

Platelet count ______109/l Measure date: __ __ / __ __ / __ __ __ __

Haemoglobin 
Done  
Not done 

Haemoglobin___ g/dl (on Full Blood Count) Measure date: __ __ / __ __ / __ __ __ __

Bleeding Episodes - has the patient had unexplained bleeding or bruising in the previous 12 months? 

Yes  
No   

Chitotriosidase level _______ Pick units _________________
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Liver Organ volume

Enlarged or normal from scan? No   
Yes  

Measure date: __ __ / __ __ / __ __ __ __

Size or volume available from scan? No   
Yes  

Volume: ____ ml

And/Or

size (cm) ______

Measure date: __ __ / __ __ / __ __ __ __

Enlarged on palpation No   
Yes  

Measure date: __ __ / __ __ / __ __ __ __

Liver damage – does the patient have liver fibrosis or cirrhosis? Yes   
No   
Test not carried out   

Does the patient have - Portal hypertension- (on ultrasound)? Yes   
No   
Test not carried out  

Has the patient had a Liver Transplant in the last 12 months? Yes   
No   

If Yes: date of transplant: __ __ / __ __ / __ __ __ __ 

Liver function test
GGT level (Gamma-glutamyl transpeptidase)

Done  
Not done 
Measure date: __ __ / __ __ / __ __ __ 

GGT level results _____U/l

ALT Level (Alanine transaminase)
Done  
Not done 
Measure date: __ __ / __ __ / __ __ __ 

ALT level results _____U/l

Variceal Haemorrhage – how many episodes in the previous six months?  ______ (number)
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Bone, bone marrow

Bone pain – has the patient had bone pain in the last 12 months? Yes   
No   
Not recorded  

If yes is it constant   
sporadic   

Analgesia required – has the patient had to use analgesia in the last 6 months? Yes   No   
If yes have they had to use opiate analgesic? Yes   No 

MRI
Avascular necrosis - are there any new avascular necrosis on MRI in the last 12 months? 

Yes   
No 
Not done 

Date of MRI scan __ __ / __ __ / __ __ __

Bone Marrow Burden on MRI 
Done  
Not done 

BMB Score:  ______ Measure date: __ __ / __ __ / __ __ __

Bone crises - has the patient had doctor-diagnosed bone crisis in the last 12 months? 
Yes   
No  
Not recorded 
How many?   _________

Has the patient had Joint replacement surgery in the last 12 months? Yes   No  

If Yes: date of replacement __ __ / __ __ / __ __ __ (must be before the date of the visit to the clinic)

Osteoporosis
Has the patient had Fragility fractures in the last 12 months? Yes  

No 
If Yes what is the number of fractures the patient has had _____ (number)

DEXA – Bone Marrow Density 

Done  
Not done 
Measure date: __ __ / __ __ / __ __ __

Bone Mineral Density T score (Adult)

Forearm total ____
Hip Total ____
Lumbar Spine total ____

Bone Mineral Density Z score (Children under 16)

Forearm total ____
Hip Total ____
Lumbar Spine total ____

Is the patient on Bisphosphonates ? Yes   No 
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Neurological

Any abnormal eye movement? Yes   No  

Cognitive measures –
IQ Test
done   not done  IQ score (whole number)___    

Measure date: __ __ / __ __ / __ __ __ __

Developmental Quotient Test
done   not done  DQ score (whole number) ___    

Measure date: __ __ / __ __ / __ __ __ __

Has the patient had fits in the last 12 months? Yes   No 

Does the patient have extrapyramidal involvement? Yes   No 
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Other Measures

Lung
Does the patient have pulmonary hypertension - from Echo?   
Yes   
No  
Not done 

Measure date: __ __ / __ __ / __ __ __ __

Does the patient have malignancies? No   Yes  If Yes, please specify: 
_____________________

Has a severity score been recorded? Yes   No          Measure date: __ __ / __ __ / __ __ __ __

If yes, with: Zimran Severity Score   
Other severity Score           

Severity score: ____ (Whole number)    
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Neurological - Child

Any abnormal eye movement? Yes   No  

IQ Test
done   not done  IQ score (whole number)___    

Measure date: __ __ / __ __ / __ __ __ __

Developmental Quotient Test
done   not done  DQ score (whole number) ___    

Measure date: __ __ / __ __ / __ __ __ __

Has the patient had fits in the last 12 months? Yes   No 

Does the patient have extrapyramidal involvement? Yes   No 

Using any parent reported Motor milestones scale, are the patients able to do the following? If they are able, at 
what age in months was the milestone met?

Recorded   
Not recorded      

Measure date: __ __ / __ __ / __ __ __ __

Patient currently able to sit unsupported: Able   Months ____
Unable      

Patient currently able to stand independently: Able   Months ____
Unable      

Patient currently able to walk: Able   Months ____
Unable      

Patient currently able to walk upstairs one step at a time: Able   Months ____
Unable      

Does the patient have a squint? Yes   No 

Are Brainstem evoked responses normal? Yes   No 

Measure date: __ __ / __ __ / __ __ __ __
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Audiometry 
Hearing Test:  
Done  
Not done 
Measure date: __ __ / __ __ / __ __ __ __

Hearing Normal: Yes   
No   If No….

Type of hearing loss (pick one) Degree of hearing loss (average decibels 
over tested frequencies) (pick one)

Conductive  Mild (0-40 decibels) 
Sensorineural  Moderate (41-70 decibels) 
Mixed (combination of conductive & 
sensorineural

 Severe (71-95 decibels) 

Profound (over 95 decibels) 

Note: to calculate the degree of hearing loss, add all the decibels and divide by the number of data points.
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Severity scoring tool - for Neuropathic Gaucher Disorder 
Done  
Not done 

Measure date: __ __ / __ __ / __ __ __ __

Horizontal gaze palsy
 Yes, on a regular basis 
 Yes, sometimes 
 No

Epilepsy
 Yes, on a regular basis 
 Yes, sometimes 
 No

Development/ cognitive ability
 Normal 
 Mildly impaired (IQ less than 85 or equivalent) 
 Moderate (IQ between 50–57 or equivalent) 
 Severe (more than half their chronological age) 

Neurology pattern Ataxia/ gait
 Normal, apparent only on tandem walking
 Ataxia on straight gait, able to walk without assistance 
 Able to walk only with assistance 
 Unable to walk 

Cerebellar signs/ataxia
 No intention tremor 
 Intention tremor not affecting function 
 Intention tremor with marked impact on function 

Pyramidal
 Normal tone with increased reflexes 
 Mildly to moderately increased tone and reflexes 
 Increased tone reflexes with sustained/unsustained clonus 
 Severe spasticity with inability to walk 

Extrapyramidal
 Normal 
 Variable tone and posturing not impairing function, with or without therapy 
 Variable tone and posturing impairing function, despite therapy 
 Significant rigidity with no/minimal benefit from therapy 

Swallowing difficulties/oral bulbar function
 Normal 
 Mild dysphagia (excess drooling) 
 Moderate dysphagia (risk of aspiration, modification to diet required)
 Severe dysphagia (requiring non-oral feeding) 

Speech
 Normal (and those too young yet to speak) 
 Mild to moderate dysarthria impairing intelligibility to unfamiliar listener 
 Severe dysarthria with most speech unintelligible to familiar and unfamiliar listener
 Anarthria 
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Ophthamology
 Normal 
 Cranial nerve palsy (previously corrected or not) 
 Cranial nerve palsy (reappearing despite surgical correction) 

Spinal alignment (kyphosis)
 Normal 
 Mild kyphosis – but flexible 
 Moderate kyphosis – partially corrected 
 Severe kyphosis – fixed 

Total Calculated (maximum 33) 
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Growth
Body measurements

Measure date: __ __ / __ __ / __ __ __ __

Height _____cm
Weight _____kg
Head circumference _____cm

Delayed puberty Yes   No  inappropriate   

Other Measures

Lung  
Does the patient have pulmonary hypertension from Echocardiogram? Yes   

No 
Not done 

Measure date: __ __ / __ __ / __ __ __ __
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Significant Co-morbidity

Does the patient have any co-morbidities?  Yes / No

How many? ____

Please enter significant co-morbidities in the spaces below, and then answer yes or no to the organs affected

1

2

3

4

5

6

1 2 3 4 5 6

Haematological Yes / No Yes / NoYes / NoYes / NoYes / NoYes / No
Bone, bone marrow Yes / No Yes / NoYes / NoYes / NoYes / NoYes / No
Neurological Yes / No Yes / NoYes / NoYes / NoYes / NoYes / No
Lungs Yes / No Yes / NoYes / NoYes / NoYes / NoYes / No

Children Only:

Audiometry: Yes / NoYes / NoYes / NoYes / NoYes / NoYes / No
Growth Yes / NoYes / NoYes / NoYes / NoYes / NoYes / No
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Con-meds

Is the patient on any con meds?

Medication Prescription? Dose Frequency Date started Date finished Ongoing? 
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Record of Therapy (Enzyme Replacement Therapy, substrate 
reduction therapy etc): 

Is patient on treatment No   
Yes 

Initial Treatment
Initially treatment ERT 

clinical trial? 

Date of first treatment: __ __ / __ __ / __ __ __ __

Age when first treatment received: ______

Initial type of treatment (ERT): ____________________

Initial weight ____(kg)

Initial dose: ___(units)

Initial frequency: 3 times per week 
2 times per week 
weekly 
every 2 weeks  
every 3 weeks 
monthly 

Initial type of treatment (substrate reduction therapy)

Initial dose: ___mg

Initial frequency: 3 times per week 
2 times per week 
1 time per week 
2 weekly  
Other  Please Specify________________________

Current treatment

Current treatment

Date started current treatment ___/ ___ / _____ (dd/mm/yyyy)

Current type of treatment (ERT)

Current weight (kg)

Current dose: ___units

Current frequency: 3 times per week 
2 times per week 
weekly 
every 2 weeks  
every 3 weeks 
monthly 
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Hospital/ home infusion: Infusion in Hospital 
Infusion at Home 

Home infusion Nurse infuses 
                                       Nurse cannulates and leaves 
                                      Patient cannulates and infuses 

Is the patient currently experiencing:

Febrile reactions? No 
Yes 

Anaphylactoid reactions? No 
Yes 

Does the patient require any pre-medication: 
No 
Yes 

Current type of treatment (substrate reduction therapy) ________________________

Current Dose _____(mg)

Current frequency: 3 times per week 
2 times per week 
1 time per week 
2 weekly  

Other  
Please Specify________________________

Antibody status

Measure date: __ __ / __ __ / __ __ __ __ 

Antibody status to infused product, Tested No 
Yes 

Antibody Status, Test Result Positive No 
Yes 
Don’t know 



396 Appendix 11 

Record of Therapy (Enzyme Replacement Therapy, Substrate 
Reduction Therapy etc): 

Is patient on treatment No  
Yes  

Has patient stopped treatment since their last visit?  No  
                          Yes 

Has patient started treatment since their last visit? No  
Yes 

Initial Treatment
Initial treatment ______________________

Date of first treatment:  __ __ / __ __ / __ __ __ __

Initial type of treatment (ERT): 

Initial weight ____ kg

Initial dose: ___units

Initial frequency: Current frequency:
3 times per week 
2 times per week 
weekly 
every 2 weeks  
every 3 weeks 
monthly 

Initial type of treatment (substrate reduction therapy) _________________________________

Initial dose: ___mg

Initial frequency: Current frequency:
3 times per week 
2 times per week 
1 time per week 
2 weekly  
Other  Please Specify________________________

Current treatment

Current treatment ________________________________________

Date started current treatment _______ (dd/mm/yyyy)

Current type of treatment (ERT) ________________-

Current weight    ___kg

Current Dose ____ units
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Current frequency: 3 times per week 
2 times per week 
weekly 
every 2 weeks  
every 3 weeks 
monthly 

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home 

Home infusion Nurse infuses 
                                      Nurse cannulates and leaves 
                                      Patient cannulates and infuses 

Is the patient currently experiencing:
Febrile reactions? No 

Yes 

Anaphylactoid reactions? No 
Yes 

Does the patient require any pre-medication: No 
Yes 

Current type of treatment (substrate reduction therapy) ________________-

Current dose: ___mg

Current frequency: 3 times per week 
2 times per week 
1 time per week 
2 weekly  

Antibody status

Measure date: __ __ / __ __ / __ __ __ __

Antibody status to infused product, Tested No 
Yes 

Antibody Status Test Positive No 
                                                                                      Yes          

Stopped Treatment
Final treatment ERT 

clinical trial 

Date of last treatment: __ __ / __ __ / __ __ __ __

Final type of treatment (ERT)_____________________________

Final weight ____kg

Final dose: ___units

Final frequency: 3 times per week 
2 times per week 
weekly 
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every 2 weeks  
every 3 weeks 
monthly 

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home 

Home infusion Nurse infuses 
                                       Nurse cannulates and leaves 
                                      Patient cannulates and infuses 

Final type of treatment (substrate reduction therapy)_____________________________

Final dose: ___mg

Final frequency: 3 times per week 
2 times per week 
1 time per week 
2 weekly 
Other  Please Specify________________________ 

Why was treatment stopped? (Drop down menu)

Please specify _____________________

Visit Date: ___________________
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Appendix 11b Clinical Record Form for Fabry disease 
patients
Fabry                                                                                       Patient ID:

Date of visit ___/ ___ / _____

Fabry CRFs 

Inclusion Criteria

Has Clinician given consent for the patient or their carer to be approached?

No  Do not continue
Yes 

Has the patient given informed signed consent?

No  Do not continue
Yes 

Has the consultee given informed signed assent?

No  Do not continue
Yes 

Reason for not giving consent:

Patient has consented for:

Records Only 
Records and Questionnaires 

Patient Identification number ________

Date of consent __ __ / __ __ / __ __ __ __

Version of consent form:  ______
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Patient Information 

To be completed following consent

Date of birth __ __ / __ __ / __ __ __ __ 

Gender: Male 
Female 

Does the patient have a carer? No 
Yes 

Onset of first symptom – month and year
Roughly / exactly / can’t remember:    ___ / ____

Other family members affected?
No 
Yes  If Yes how many --

Relationship/s to patient Mother 
Father 
Sibling 
Other  Please specify____________
(enter unique ID  no.s of relations) 

Month & Year of diagnosis 
Month ------- Unknown If Month unknown: Year -------

Method of diagnosis (tick any appropriate)

Alpha-galactosidase A activity
- Leucocyte Normal  Also known as GLA, a-GLA, GALA

Deficient 

Alpha-galactosidase A activity
- plasma Normal 

Deficient 

Alpha-L-iduronidase cDNA Done 
Not done 

cDNA results as amino acid change _______________________
Please use the following format
e.g. Asn272Ser/Asn272Ser

Prenatal Diagnosis No 
(chorion villus biopsy) Yes 

Enzyme assay results _________

Urine GAG test No 
Yes  Result ______________
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Reason for diagnosis
Was patient detected by family screening? No 

Yes 

Did patient present with symptoms? No 
Yes 

Which symptoms? Angiokeratoma 
Cornea verticilata 
Sweating abnormality 
GI symptoms 
Stroke, cardiomyopathy 
Renal failure 
Other – please specify  ___________________

Physician of initial presentation cardiologist 
neurologist 
dermatologist 
ophthalmologist 
geneticist 
paediatrician 
gastroenterologist 
Other – please specify  _________________

Employment Status Paid Employed  If employed
Unemployed  Full time 
Unpaid Employment       Part time 



402 Appendix 11 

Withdrawal from the study

Is the patient still in the full study? No 
Yes 

Withdrawal date: __ __ / __ __ / __ __ __ __

Reason for Withdrawal

 Patient has life threatening disease
 Failure to comply (due to medication)
 Evidence of disease progression
 Patient is pregnant
 Death
 Patient is on a clinical trial
 Questionnaire burden
 Patient turned 16 and didn’t reconsent
 Other   Please specify_____________________________

Continue in the study notes only? No 
Yes 

Record of death

Date of death: __ __ / __ __ / __ __ __ __

Did clinician certify this death as condition related? No 
Yes

Please record the wording from the dearth certificate:

Part 1a ------------------- Free text (Disease or condition directly leading to death)

Part 1b ------------------- Free text (Other disease or condition, if any, leading to 1a)

Part 1c ------------------- Free text (Other disease or condition, if any, leading to 1b)

Part 2 ------------------- Free text (Other significant conditions CONTRIBUTING TO THE DEATH but not related to the 
disease or condition causing it)
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Body Measurements  

Height
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Height (cm) _____

Weight
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Weight (Kg) _____
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Heart Measures

Echocardiogram Done 
Not done  Measure date: __ __ / __ __ / __ __ __ __

LVEDD __________mm LV End Diastole
Left Ventricular Diastolic diameter (LVDd)

IVSd __________ mm Interventricular septal diastolic diameter

PWTd __________ mm Posterior Wall thickness / 
posterior LV Wall diastole diameter      

Result (Calculated by database)
LVmass__________ g

Body Surface Area __________ m squared
(BSA)

Result
LVMI __________ g /m squared
Measure of Hypertrophy

Does the patient have clinically significant Arrhythmia? No 
Yes 

Does the patient have a pacemaker? No 
Yes 

Measure date: __ __ / __ __ / __ __ __ __

Date of fitting pacemaker: __ __ / __ __ / __ __ __ __

Does the pacemaker have a defibrillator? No 
Yes 

Does the patient have heart failure? No 
Yes 

Measure date: __ __ / __ __ / __ __ __ __

NYHA Category  __________-
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PR Interval – Children Only

Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

PR Interval – results  _____________ milliseconds



406 Appendix 11 

Neurological

Has the patient ever had a TIA / stroke?

No 
Yes 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Age at 1st stroke ___

Does the patient have any persistent neurological impairment from the stroke?
No 
Yes 

Has the patient had a TIA/stroke since their last assessment?
No 
Yes 

Is there evidence of cognitive impairment?
No 
Yes 
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Kidney

Spot Protein / Creatinine Ratio

Done 
Not done  Measure date: __ __ / __ __ / __ __ __ __

Results _______ mg/mmol

Albumin / Creatinine Ratio

Done 
Not done  Measure date: __ __ / __ __ / __ __ __ __

Results _______ mg/mmol

Serum Creatinine 

Done 
Not done  Measure date: __ __ / __ __ / __ __ __ __

Results _______ micromoles / l

Estimated Glomerular Filtration Rate (eGFR)

Done 
Not done  Measure date: __ __ / __ __ / __ __ __ __

Results _______ 

Dialysis

No 
Yes 

Start date: __ __ / __ __ / __ __ __ __

Is the patient still on dialysis?
No 
Yes 

End date: __ __ / __ __ / __ __ __ __

Type of dialysis Peritoneal 
Haemo 

Has the patient had a kidney transplant?

No 
Yes 

Date of transplant: __ __ / __ __ / __ __ __ __
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Audiometry 

Evidence of hearing loss? No 
Yes 

Hearing Test: Done 
Not done 

Measure date: __ __ / __ __ / __ __ __ __

Type of hearing loss (pick one) Degree of hearing loss (average decibels 
over tested frequencies) (pick one)

Conductive  Mild (0-40 decibels) 
Sensorineural  Moderate (41-70 decibels) 
Mixed (combination of conductive & 
sensorineural

 Severe (71-95 decibels) 

Profound (over 95 decibels) 

Note: to calculate the degree of hearing loss, add all the decibels and divide by the number of data points

Does the patient have a hearing aid? No 
Yes 
Not recorded  

Type of hearing aid: _________________________

Does the patient have tinnitus? No 
Yes 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Date of onset of tinnitus: __ __ / __ __ / __ __ __ __
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Other Measures

Brief Pain Inventory

Done 
Not done 

Measure date: __ __ / __ __ / __ __ __ __

Pain Severity _______ mean of 4 pain items: questions 3-6

Pain interference   _______ mean of 7 interference items: questions 9 a-g
(should only be calculated if more than 50%, or 4 out of 7 questions complete)

Sweating
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __

Normal 
Increased 
Reduced 
Absent 

Gastrointestinal
In the last tree months has the patient experienced quality of life limiting GI symptoms?

No 
Yes 
Not recorded 

Mood
Are the clinical team aware of any suicide attempts in the last year?

No 
Yes 

Do the clinical team believe that the patient has clinical depression?

No 
Yes 

This was ascertained from: 

A formal measure 
A clinical judgement 
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Significant Co-morbidity

Please enter up to three significant co-morbidities in the spaces below, and then answer yes or no to the organs affected

1

2

3

1 2 3

Heart Yes / No Yes / No Yes / No
Neurological Yes / No Yes / No Yes / No
Kidneys Yes / No Yes / No Yes / No
Audiometry Yes / No Yes / No Yes / No
Pain Yes / No Yes / No Yes / No
Sweating Yes / No Yes / No Yes / No
GI Yes / No Yes / No Yes / No

Children Only:

Growth Yes / No Yes / No Yes / No
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Con-meds

Medication Prescription? Dose Frequency Date started Date finished Ongoing? 
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Record of Therapy 

Record of Therapy (Enzyme Replacement Therapy, substrate reduction therapy etc): 

Is patient on ERT No 
Yes 

Initial Treatment
Initially on ERT 

clinical trial? 

Date of first Infusion: __ __ / __ __ / __ __ __ __

Age when first infusion received: ______

Initial type of treatment: Fabrazyme 
Replagal 

Initial dose: ___ (mg)

Initial frequency: ___________

Current treatment
Currently on ERT 

Clinical trial? 

Current dose: ___ mg

Current frequency: Please Specify________________________

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list: Nurse infuses 

Nurse cannulates and leaves 
Patient cannulates and infuses 
Relative cannulates and infuses 

Is the patient currently experiencing:

Febrile reactions? No 
Yes 

Anaphylactoid reactions? No 
Yes 

Other pre-medication: No 
Yes 



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Wyatt et al. under the terms of a commissioning contract issued by the Secretary of State for Health. This 
issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that suitable 
acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

413� Health Technology Assessment 2012; Vol. 16: No. 39DOI: 10.3310/hta16390

Antibody status

Measure date: __ __ / __ __ / __ __ __ __

Antibody status to infused product, Tested No 
Yes  If Yes, Positive No 

Yes 
Don’t know 
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Record of Therapy 
Record of Therapy (Enzyme Replacement Therapy, substrate reduction therapy etc): 

Is patient on ERT No 
Yes 

Has patient stopped treatment since their last visit?  No 
Yes 

Has patient started treatment since their last visit? No 
Yes 

Initial Treatment
Initially on ERT 

clinical trial? 

Date of first Infusion: __ __ / __ __ / __ __ __ __

Age when first infusion received: ______

Initial type of treatment: Fabrazyme 
Replagal               

Initial dose: ___ (mg)

Initial frequency: ___________

Current treatment
Currently on ERT 

Clinical trial? 

Current dose: ___ mg

Current frequency: Please Specify________________________

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list: Nurse infuses 

Nurse cannulates and leaves 
Patient cannulates and infuses 
Relative cannulates and infuses 

Is the patient currently experiencing:

Febrile reactions? No 
Yes 

Anaphylactoid reactions? No 
Yes 
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Other pre-medication: No 
Yes 

Antibody status

Measure date: __ __ / __ __ / __ __ __ __

Antibody status to infused product, Tested No 
Yes  If Yes, Positive No 

Yes 
Don’t know 

Stopped Treatment
Final treatment ERT 

clinical trial 

Date of last treatment: __ __ / __ __ / __ __ __ __

Final type of treatment: Fabrazyme 
Replagal               

Final dose: ___ (mg)

Final frequency: Please Specify________________________ 

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list: Nurse infuses 

Nurse cannulates and leaves 
Patient cannulates and infuses 

Why was treatment stopped?

 Patient has life-threatening disease
 Failure to comply
 Evidence of disease pregression
 Patient is pregnant
 Death
 Patient is on a clinical trial
 Questionnaire burden
 Patient turned 16 and did not reconsent
 Other 
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Appendix 11c Clinical Record Form for MPS I patients
MPS I                                                                                       Patient ID:

Date of visit ___/ ___ / _____

MPS I CRFs

Inclusion Criteria

Has Clinician given consent for the patient or their carer to be approached?

No     Do not continue
Yes 

Has the patient given informed signed consent?

No     Do not continue
Yes 

Has the parent/carer given informed signed consent?

No     Do not continue
Yes 

Reason for not giving consent (if given):

_____________________________________________________

The patient is consented for:

Records Only     
Records and Questionnaires 

Hospital ID  _________

Patient Identification number ________

Date of consent __ __ / __ __ / __ __ __ __

Version of consent form:  ______
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Patient Information

Date of birth __ __ / __ __ / __ __ __ __

Patient age, in years, at date of consent ____________

Gender Male 
Female 

Type of MPS I Hurler 
Hurler-Scheie 
Scheie 
Not yet known 

Does the patient have a carer No 
Yes 

Onset of first symptoms (i.e. When did the main presenting symptoms occur)

The date of onset of first symptoms is: Roughly 
Exactly 
Can't remember 

Month and Year: _________ / __ If month unknown just enter year

Any other family members affected?

No 
Yes    
Unknown     If so, how many? __

Relationship(s) to patient:
Mother 
Father 
Sibling 
Other  

Please Specify ______________
(enter Unique ID no of relations)

Month and Year of Diagnosis
Month and Year: _________ / __ If month unknown just enter year

Method of diagnosis
Recorded 
Not recorded 

Alpha – L-iduronidase activity  Normal
 Deficient

Alpha –L-iduronidase cDNA  Done
 Not Done
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Allele 1 ______________________ (drop down menu)
Please specify __________________
Allele 2______________________ (drop down menu)
Please specify __________________

Skin Biopsy – Enzyme Assay  Normal
 Abnormal

If abnormal, Result:  ______________________ (put in own units)

Prenatal Diagnosis  No
(chorion villus biopsy)  Yes

Enzyme Assay Results ______________________(put in own units)

Urine GAG test  No
 Yes

Urine GAG test Results ______________________ (mg/mmol of creatine)

Reason for diagnosis
Was patient detected by family screening?  No

 Yes

Did the patient present with symptoms?  No
 Yes  
If Yes, what symptoms did they present with?  

________________________________

Current Employment Status Select as appropriate 

Employed 
Unemployed  Full time 
Unpaid Employment        Part time 
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Withdrawal from the study

Is the patient still in the full study? No 
Yes 

Withdrawal date: __ __ / __ __ / __ __ __ __

Reason for Withdrawal

 Patient has life threatening disease
 Failure to comply (due to medication)
 Evidence of disease progression
 Patient is pregnant
 Death
 Patient is on a clinical trial
 Questionnaire burden
 Patient turned 16 and didn’t re-consent
 Other   

Please specify_____________________________

Continue in the study notes only? No 
Yes 

Record of death

Date of death: __ __ / __ __ / __ __ __ __

Did clinician certify this death as condition related? No 
Yes 

Please record the wording from the dearth certificate:

Part 1a ------------------- Free text (Disease or condition directly leading to death)

Part 1b ------------------- Free text (Other disease or condition, if any, leading to 1a)

Part 1c ------------------- Free text (Other disease or condition, if any, leading to 1b)

Part 2 ------------------- Free text (Other significant conditions CONTRIBUTING TO THE DEATH but not related to the 
disease or condition causing it)
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Body Measurements

Measure date: __ __ / __ __ / __ __ __ __

Height (cm) _____

Weight (cm) _____

Children only:

Head Circumference (cm) _____  current age: ____________



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Wyatt et al. under the terms of a commissioning contract issued by the Secretary of State for Health. This 
issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that suitable 
acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

421� Health Technology Assessment 2012; Vol. 16: No. 39DOI: 10.3310/hta16390

Heart Measures - Child

Echocardiogram: Done 
Not done  Measure date: __ __ / __ __ / __ __ __ __

Left Ventricular Ejection fraction <60% No 
Yes 

Valve Disease as reported by cardiologist (on echo) None 
Mild  
Moderate 
Severe 

Valve Disease severe enough to require medication No   
Yes 

Valve replacements No   
Yes     

                 Date of valve replacement: __ __ / __ __ / __ __ __ __
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Airway / Lung / ENT - Child

Sleep Study Done 
Not done 

Measure date: __ __ / __ __ / __ __ __ __

Time spent below saturation of 90%                                 ____
(Given as a percentage of time of duration of the study)

Lowest saturation recorded (%)                                        ____        
(the value in percent of lowest recording that was not due to an artifact)

Pulmonary Function Test (best of 3 if there is more than one)

Patient upright  Test done 
Test not done 
Can’t do test 

Measure date: __ __ / __ __ / __ __ __ __

FVC (%)   ______ percentage of predicted

FEV1 (%) ______ percentage of predicted

Audiometry

Using any age-appropriate audiometry test, hearing is: 
Normal 
Abnormal 
Not done 

Measure date: __ __ / __ __ / __ __ __ __

Type of hearing loss (pick one) Degree of hearing loss (average decibels 
over tested frequencies) (pick one)

Conductive  Mild (0-40 decibels) 
Sensorineural  Moderate (41-70 decibels) 
Mixed (combination of conductive & 
sensorineural

 Severe (71-95 decibels) 

Profound (over 95 decibels) 
Note: to calculate the degree of hearing loss, add all the decibels and divide by the number of data points.

Difficulty with intubation for anaesthesia? No   
Yes 
No operation carried out 
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Neurological – Child

DQ Test:
Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

DQ Score _______

Hydrocephalus
Present  
Absent 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __

Carpal Tunnel Syndrome
Present  
Absent 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __
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Bone & Joint – Child 

Patient Mobility

Test:  Applicable 
Not Applicable due to age 

Measure date: __ __ / __ __ / __ __ __ __

 can walk / stand unaided (i.e. can stand for 6 mins or walk for 5 meters)
 can walk aided one stick (i.e. can’ t stand for 6 mins without a stick)
 can walk aided more than one stick
 is wheelchair bound
 is bed-bound (i.e. can’t get into wheelchair)

6 Minute Walk Test

Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Distance walked (m) _______ Aided 
Unaided 
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Liver & Spleen – Child

Liver

Enlarged or normal from scan? Enlarged   
Normal 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Size or volume available from scan? No   
Yes  
Not recorded 

Liver organ size (cm) _____

And/ Or

Liver volume: ____ ml

Measure date: __ __ / __ __ / __ __ __ __

Enlarged on palpation No   
Yes  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Spleen
Enlarged or normal from scan? Enlarged   

Normal 
Not recorded  

Measure date: __ __ / __ __ / __ __ __ __

Size or volume available from scan? No   
Yes  
Not recorded 

Spleen organ size (cm) _____

And/Or

Spleen volume: ____ ml

Measure date: __ __ / __ __ / __ __ __ __

Enlarged on palpation No   
Yes  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __
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Ophthalmology – Child
Visual Acuity
Using any age-appropriate test, eyesight is: Normal 

Abnormal 

Visual Acuity Test (Snellen eye chart)
Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye  ____ / ____ Right Eye ____ / ____

The first number given is the distance in metres from the chart. Usually this is a 6 (for 6 meters).
The second number could be 60, 36, 24, 18, 12, 9, 6 or 5

Corneal Clouding
Recorded  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye No  Right Eye No 
Yes   Yes  

Intra Ocular Pressure
Recorded  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye ______ mmHg Right Eye _____ mmHg
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Other Measures

Urine GAG _____ mg/mmol of creatine

Measure date: __ __ / __ __ / __ __ __ __
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Bone Marrow Transplant
Done 
Not done 

Date of first transplant: __ __ / __ __ / __ __ __ __

Type of transplant  sib
 MUD
 UCB
 Other
Please Specify________________________

First transplant rejection
No 
Yes    
Rejection date: __ __ / __ __ / __ __ __ __

ERT used before transplant? No 
Yes 

Duration: ____ mths  ____ yrs

Date of second transplant: __ __ / __ __ / __ __ __ __

Type of transplant  sib
 MUD
 UCB
 Other
Please Specify________________________

Second transplant rejection
No 
Yes    
Rejection date: __ __ / __ __ / __ __ __ __

Date of third transplant: __ __ / __ __ / __ __ __ __

Type of transplant  sib
 MUD
 UCB
 Other
Please Specify________________________

Third transplant rejection
No 
Yes    
Rejection date: __ __ / __ __ / __ __ __ __

Transplant complications:
 acute GvHD
 Chronic GvHD
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 Viral reactivation
 VOD
 Pulmonary haemorrhage
 Other
Please Specify________________________________

Enzyme activity at 12 months post BMT _______
Unit:  milli units / unit of hexosaminidase at 37oC

 μmol/min/mg of protein

% donor chimerism at 12 months post BMT _____ %
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Heart Measures - Adult

Echocardiogram: Done Yes 
No  Measure date: __ __ / __ __ / __ __ __ __

Valve Disease as reported by cardiologist (on echo) None 
Mild  
Moderate 
Severe 

Valve replacements No   
Yes     

Date of valve replacement: __ __ / __ __ / __ __ __ __
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Airway / Lung / ENT – Adult

Ventilation
Recorded 
Not recorded     

Measure date: __ __ / __ __ / __ __ __ __

The patient:    is free of ventilation 
 is nocturnally ventilated only
 has intermittent daytime ventilation
 is ventilator-dependent (continuous) (drop down menu)

Average total number of hours on ventilator per 24 hours _____

Sleep Study Done 
Not done 

Measure date: __ __ / __ __ / __ __ __ __

Time spent below saturation of 90%                                 ____
(Given as a percentage of time of duration of the study)

Lowest saturation recorded (%)                                        ____        
(the value in percent of lowest recording that was not due to an artifact)

Pulmonary Function Test (best of 3 if there is more than one)

Patient upright  Test done 
Test not done 
Can’t do test 

Measure date: __ __ / __ __ / __ __ __ __

FVC (%)   ______ percentage of predicted

FEV1 (%) ______ percentage of predicted

Has patient had surgical ENT intervention?  No 
Yes   
please specify _________________________

Date of surgical intervention:  __ __ / __ __ / __ __ __ __

Audiometry
Hearing Test: Done 

Not done 

Hearing Normal No 
Yes 

Measure date: __ __ / __ __ / __ __ __ __
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Type of hearing loss (pick one) Degree of hearing loss (average decibels 
over tested frequencies) (pick one)

Conductive  Mild (0-40 decibels) 
Sensorineural  Moderate (41-70 decibels) 
Mixed (combination of conductive & 
sensorineural

 Severe (71-95 decibels) 

Profound (over 95 decibels) 

Note: to calculate the degree of hearing loss, add all the decibels and divide by the number of data points.

Hearing Aid Used No 
Yes  Type of hearing aid______________________
Not Recorded  
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Neurological – Adult

Neurological involvement
No  
Yes 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __

Carpal Tunnel Syndrome
Present  
Absent 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __

Has patient had surgery for carpal tunnel syndrome?
No  
Yes    How many times? ____

Date of last Carpal Surgery: __ __ / __ __ / __ __ __ __

Cervical Cord Compression
Present  
Absent 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __

Has patient had surgery for cervical cord compression?
No  
Yes    
Date of last Cervical Cord Compression Surgery: __ __ / __ __ / __ __ __ __
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Bone & Joint – Adult
Patient Mobility

Measure date: __ __ / __ __ / __ __ __ __

 can walk / stand unaided (i.e. can stand for 6 mins or walk for 5 meters)
 can walk aided one stick (i.e. can’ t stand for 6 mins without a stick)
 can walk aided more than one stick
 is wheelchair bound
 is bed-bound (i.e. can’t get into wheelchair)

6 Minute Walk Test

Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Distance walked (m) _______ Aided 
Unaided 

Muscle Testing – limited MRC scale – 0-5, whole numbers only
Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Muscle Test Left Right
Upper limb:

Shoulder abduction
Shoulder adduction
Elbow flexion
Elbow extension
Wrist flexion
Wrist extension

Lower limb:
Hip flexion
Hip extension
Knee flexion
Knee extension
Plantar flexion
Dorsi flexion

TOTAL

Muscle Test Score _____ (maximum score 120)

The patient was: Passive 
Active  during muscle testing
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Ophthalmology – Adult
Visual Acuity (Snellen eye chart)
Done 
Note Done 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye  ____ / ____ Right Eye ____ / ____

The first number given is the distance in metres from the chart. Usually this is a 6 (for 6m). 
The second number could be 60, 36, 24, 18, 12, 9, 6 or 5

Corneal Clouding
Recorded  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye No  Right Eye No 
Yes   Yes  

Intra Ocular Pressure
Recorded  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye ______ mmHg Right Eye _____ mmHg

Retinal Disease – Adult
Recorded  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye No  Right Eye No 
Yes   Yes  
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Significant Co-morbidity
Does the patient have any co-morbidities?  Yes / No

How many? ____

Please enter significant co-morbidities in the spaces below, and then answer yes or no to the organs affected

1

2

3

4

5

6

1 2 3 4 5 6

Heart
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No
Lungs/respiratory 
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No
Neurological 
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No
Skeletal/muscle
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No
Opthamology 
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No

Children Only:

Liver and spleen
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No
Growth
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No
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Con-meds
Is the patient on any con meds?

Medication Prescription? Dose Frequency Date started Date finished  Ongoing? 
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Other Measures - Adult

Urine GAG _____ mg/mmol of creatine

Measure date: __ __ / __ __ / __ __ __ __
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Record of Therapy (Enzyme Replacement Therapy, etc.):

Is patient on treatment No   
Yes 

Initial Treatment
Initially on ERT 

clinical trial? 

Date of first Infusion: __ __ / __ __ / __ __ __ __

Age when first infusion received: ______

Initial type of treatment: ____________________

Initial dose (International Units): ___(mg)

Initial frequency: weekly 
every 2 weeks  
Other  Please Specify_______________________

Current treatment

Currently on ERT or clinical trial? 

Date started current treatment: __ __ / __ __ / __ __ __ __

Current type of treatment: ______________

Current dose (International Units): ___mg

Current frequency: weekly 
every 2 weeks  
Other  Please Specify_______________________

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list:

Nurse infuses 
Nurse cannulates and leaves 
Patient cannulates and infuses 

Is the patient currently experiencing:

Febrile reactions? No 
Yes 

Anaphylactoid reactions? No 
Yes 
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Other pre-medication: No 
Yes 

Antibody status

Measure date: __ __ / __ __ / __ __ __ __

Antibody status to infused product, Tested No 
Yes 

Antibody status Test Result Positive No 
Yes 
Don’t know 
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Record of Therapy (Enzyme Replacement Therapy, etc): 

Is patient on treatment No  
Yes  

Has patient stopped treatment since their last visit?   No  
Yes 

Has patient started treatment since their last visit? No  
Yes 

Initial Treatment
Initially on ERT or clinical trial? _____________________________________

Date of first Infusion: __ __ / __ __ / __ __ __ __

Age when first infusion received: ______

Initial type of treatment: __________________________

Initial dose (International Units): ___mg

Initial frequency: weekly 
every 2 weeks  
Other  Please Specify_______________________

Current treatment

Currently on ERT or clinical trial? _____________________________________

Date started current treatment: __ __ / __ __ / __ __ __ __

Current type of treatment ________________

Current Dose (International Units): ____ mg

Current frequency: weekly 
every 2 weeks  
Other  Please Specify_______________________

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list:

Nurse infuses 
Nurse cannulates and leaves 
Patient cannulates and infuses 

Is the patient currently experiencing:

Febrile reactions? No 
Yes 
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Anaphylactoid reactions? No 
Yes 

Other pre-medication: No 
Yes 

Antibody status

Measure date: __ __ / __ __ / __ __ __ __

Antibody status to infused product, Tested No 
Yes 

Antibody Status Test Result Positive No 
Yes 

Stopped Treatment
Final treatment on ERT or clinical trial (drop down menu)

Date of last infusion: __ __ / __ __ / __ __ __ __

Final type of treatment _____________________________

Final dose (International Units): ___mg

Final frequency: weekly 
every 2 weeks  
Other  Please Specify_______________________

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list:

Nurse infuses 
Nurse cannulates and leaves 
Patient cannulates and infuses 

Why was treatment stopped?______________________________________

Please specify: _________________

Visit date: _________________ current age: ________
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Appendix 11d Clinical Record Form for MPS II 
patients
MPS II                                                                                       Patient ID:

Date of visit ___/ ___ / _____

MPS II CRFs

Inclusion Criteria

Has Clinician given consent for the patient or their carer to be approached?

No     Do not continue
Yes 

Has the patient given informed signed consent?

No     Do not continue
Yes 

Has the parent/carer given informed signed consent?

No     Do not continue
Yes 

Reason for not giving consent (if given):

_____________________________________________________

The patient is consented for:

Records Only     
Records and Questionnaires 

Hospital ID  _________

Patient Identification number ________

Date of consent __ __ / __ __ / __ __ __ __

Version of consent form:  ______
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Patient Information

Date of birth __ __ / __ __ / __ __ __ __

Patient age, in years, at consent ______________

Gender Male 
Female 

Type of MPS II With neurological involvement 
Without neurological involvement  

Does the patient have a carer? No 
Yes 

Onset of first symptoms Roughly / exactly / can’t remember:    ___ / ____

Any other family members affected?

No 
Yes     If so, how many? __

Relationship to patient:
Mother 
Father 
Sibling 
Other  Please Specify ______________
(enter Unique ID no.s of relations)

Date of diagnosis: month and year: ___ / ____

Method of diagnosis:

 Recorded
 Not recorded

Iduuronate-2-sulfatase activity  Normal
 Deficient

Iduuronate-2-sulfatase cDNA  Done
 Not Done

cDNA result as amino acid change ____________________

Skin Biopsy – Enzyme Assay  Normal
 Abnormal   If abnormal, result:  ______________________
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Prenatal Diagnosis  No
(chorion villus biopsy)  Yes

Enzyme Assay Results ______________________

Urine GAG test  No
 Yes

Urine GAG test Results ______________________ (mg/mmol of creatine)

Reason for diagnosis
Was patient detected by family screening?  No

 Yes

Did the patient present with symptoms?  No
 Yes  

If so, what?  ________________________________

Current Employment Status Paid Employed  If employed
Unemployed  Full time 
Unpaid Employment       Part time 
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Body Measurements – Adults & Child

Measure date: __ __ / __ __ / __ __ __ __

Height (cm) _____

Weight (kg) _____

Children only: 

Head Circumference (cm) _____
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Heart Measures - Adult

Echocardiogram: Done Yes 
No  Measure date: __ __ / __ __ / __ __ __ __

Valve Disease as reported by cardiologist (on echo) None 
Mild  
Moderate 
Severe 

Valve replacements No   
Yes 

Date of replacement: __ __ / __ __ / __ __ __ __
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Airway / Lung / ENT – Adult

Ventilation Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

The patient:    is free of ventilation 
 is nocturnally ventilated only
 has intermittent daytime ventilation
 is ventilator-dependent (continuous)

Average number of hours on ventilator per 24 hours _____

Sleep Study Done 
Not done 

Measure date: __ __ / __ __ / __ __ __ __

Time spent below saturation of 90%                                 ____
(Given as a percentage of time of duration of the study)

Lowest saturation recorded (%)                                        ____        
(the value in percent of time of duration of the study)

Pulmonary Function Test (best of 3 if there is more than one)

Patient upright  
Test Done 
Test not done 
Can’t do test 

Measure date: __ __ / __ __ / __ __ __ __

FVC (%)   ______ percentage of predicted

FEV1 (%) ______ percentage of predicted

Has patient had surgical ENT intervention?  No 
Yes 

Please specify _________________________

Date of surgical intervention: __ __ / __ __ / __ __ __ __
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Audiometry

Hearing Test: Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Hearing Normal:  No 
Yes 

Type of hearing loss (pick one) Degree of hearing loss (average decibels 
over tested frequencies) (pick one)

Conductive  Mild (0-40 decibels) 
Sensorineural  Moderate (41-70 decibels) 
Mixed (combination of conductive & 
sensorineural

 Severe (71-95 decibels) 

Profound (over 95 decibels) 

Note: to calculate the degree of hearing loss, add all the decibels and divide by the number of data points.

Hearing Aid Used No 
Yes  Type of hearing aid______________________
Not Recorded 
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Neurological – Adult

Neurological involvement
No 
Yes 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __

Carpal Tunnel Syndrome
Present 
Absent 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __

Has patient had surgery for carpal tunnel syndrome?
No 
Yes  How many times? ____

Date of last surgery: __ __ / __ __ / __ __ __ __

Cervical Cord Compression
Present 
Absent 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __

Has patient had surgery for cervical cord compression?
No 
Yes 

Date of last surgery: __ __ / __ __ / __ __ __ __
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Bone & Joint – Adult
Patient Mobility
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

 can walk / stand unaided (i.e. can stand for 6 mins or walk for 5 meters)
 can walk aided one stick (i.e. can’t stand for 6 mins without a stick)
 can walk aided more than one stick
 is wheelchair bound
 is bed-bound (i.e. can’t get into wheelchair)

6 Minute Walk Test

Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Distance walked (m) _______ Aided 
Unaided 



452 Appendix 11 

Ophthalmology – Adult
Visual Acuity (Snellen eye chart)
Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye  ____ / ____ Right Eye ____ / ____

The first number given is the distance in metres from the chart. Usually this is 6m. The second number could be 60, 36, 24, 18, 12, 9, 6 or 5

Corneal Clouding
Recorded  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye No  Right Eye No 
Yes   Yes  

Intra Ocular Pressure
Recorded  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye ______ mmHg Right Eye _____ mmHg

Retinal Disease
Recorded  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye No  Right Eye No 
Yes   Yes  
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Heart Measures - Child

Echocardiogram: Done 
Not done  Measure date: __ __ / __ __ / __ __ __ __

Left Ventricular Ejection fraction <60% No 
Yes 

Valve Disease as reported by cardiologist (on echo) None 
Mild  
Moderate 
Severe 

Valve Disease severe enough to require medication No   
Yes 

Valve replacements No   
Yes 

Date of replacements: __ __ / __ __ / __ __ __ __
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Airway / Lung / ENT - Child

Sleep Study Done 
Not done 

Measure date: __ __ / __ __ / __ __ __ __

Time spent below saturation of 90%                                 ____
(Given as a percentage of time of duration of the study)

Lowest saturation recorded (%)                                        ____        
(the value in percent of time of duration of the study)

Pulmonary Function Test (best of 3 if there is more than one)

Patient upright  Test Done 
Test not done 
Can’t do test 

Measure date: __ __ / __ __ / __ __ __ __

FVC (%)   ______ percentage of predicted

FEV1 (%) ______ percentage of predicted

Audiometry
Using any age-appropriate audiometry test, hearing is: Normal 

Abnormal 
Not done 

Measure date: __ __ / __ __ / __ __ __ __

Type of hearing loss (pick one) Degree of hearing loss (average decibels 
over tested frequencies) (pick one)

Conductive  Mild (0-40 decibels) 
Sensorineural  Moderate (41-70 decibels) 
Mixed (combination of conductive & 
sensorineural

 Severe (71-95 decibels) 

Profound (over 95 decibels) 

Note: to calculate the degree of hearing loss, add all the decibels and divide by the number of data points.

Difficulty with intubation for anaesthesia?  No   
 Yes
 No operation carried out

Date of operation: __ __ / __ __ / __ __ __ __
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Neurological – Child

DQ Test:
Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

DQ Score _______

IQ Test:
Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

IQ Score _______

Hydrocephalus
Present 
Absent 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __

Carpal Tunnel Syndrome
Present 
Absent 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __
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Bone & Joint – Child 

Patient Mobility

Test:  Applicable 
Not Applicable due to age 

Measure date: __ __ / __ __ / __ __ __ __

 can walk / stand unaided (i.e. can stand for 6 mins or walk for 5 meters)
 can walk aided one stick (i.e. can’t stand for 6 mins without a stick)
 can walk aided more than one stick
 is wheelchair bound
 is bed-bound (i.e. can’t get into wheelchair)

6 Minute Walk Test

Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Distance walked (m) _______ Aided 
Unaided 
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Liver & Spleen – Child

Liver
Enlarged or normal from scan? Enlarged   

Normal 
Not recorded  

Measure date: __ __ / __ __ / __ __ __ __

Size or volume available from scan? No   
Yes  
Not recorded 

Liver organ size (cm) _____

And/Or

Liver volume: ____ ml

Measure date: __ __ / __ __ / __ __ __ __

Enlarged on palpation No   
Yes  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Spleen
Enlarged or normal from scan? Enlarged   

Normal 
Not recorded  

Measure date: __ __ / __ __ / __ __ __ __

Size or volume available from scan? No   
Yes  
Not recorded 

Spleen organ size (cm) _____

And/ Or

Spleen volume: ____ ml

Measure date: __ __ / __ __ / __ __ __ __

Enlarged on palpation No   
Yes  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __
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Ophthalmology – Child
Visual Acuity
Using any age-appropriate test, eyesight is: Normal 

Abnormal 

Visual Acuity Test (as tested by an appropriate test for age and DQ)
Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye  ____ / ____ Right Eye ____ / ____

The first number given is the distance in metres from the chart. Usually this is 6m. The second number could be 60, 36, 24, 18, 12, 9, 6 or 5

Corneal Clouding
Recorded  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye No  Right Eye No 
Yes   Yes  

Intra Ocular Pressure
Recorded  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye ______ mmHg Right Eye _____ mmHg

Optic disc swelling
Recorded  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye No  Right Eye No 
Yes   Yes  

Retinopathy
Optic disc swelling
Recorded  
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Left Eye No  Right Eye No 
Yes   Yes  
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Other Measures – Adult & Child

Urine GAG _____ mg/mmol of creatine

Measure date: __ __ / __ __ / __ __ __ __
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Bone Marrow Transplant - Child
Done                
Not done 

Date of first transplant: __ __ / __ __ / __ __ __ __

Type of first transplant  sib
MUD
 UCB
 Other    Specify________________________

First transplant rejection No 
Yes  Date of rejection: __ __ / __ __ / __ __ __ __

ERT used before transplant? No 
Yes 

If Yes: Duration: ____ mths  ____ yrs

Date of second transplant: __ __ / __ __ / __ __ __ __

Type of transplant  sib
MUD
 UCB
 Other    Specify________________________

Rejection No 
Yes  Date of rejection: __ __ / __ __ / __ __ __ __

Date of third transplant and type if needed: __ __ / __ __ / __ __ __ __

 sib
MUD
 UCB
 Other    Specify________________________

Rejection No 
Yes  Date of rejection: __ __ / __ __ / __ __ __ __

Transplant complications:
 acute GvHD
 Chronic GvHD
 Viral reactivation

 VOD
 Pulmonary haemorrhage
 Other  Please Specify________________________________

Enzyme activity at 12 months post BMT _______
Unit:  milli units / unit of hexosaminidase at 37oC

 μmol/min/mg of protein

% donor chimerism at 12 months post BMT _____ %
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Significant Co-morbidity
Does the patient have any co-morbidities?  Yes / No

How many? ____

Please enter significant co-morbidities in the spaces below, and then answer yes or no to the organs affected

1

2

3

4

5

6

1 2 3 4 5 6

Heart
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No
Airway
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No
Neurological 
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No
Skeletal/muscle
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No
Opthamology 
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No

Children Only:

Liver and spleen
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No
Growth
Yes / No Yes / No Yes / No Yes / No Yes / No Yes / No
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Con-meds
Medication Prescription? Dose Frequency Date started Date finished  Ongoing? 



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Wyatt et al. under the terms of a commissioning contract issued by the Secretary of State for Health. This 
issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that suitable 
acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

463� Health Technology Assessment 2012; Vol. 16: No. 39DOI: 10.3310/hta16390

Record of Therapy 
(Enzyme Replacement Therapy, substrate reduction therapy etc):

Is patient on treatment No   
Yes 

Initial Treatment
Initially on ERT 

clinical trial? 

Date of first treatment: __ __ / __ __ / __ __ __ __

Age when first infusion received: ______

Initial type of treatment: ____________________

Initial dose: ___(mg/kg)

Initial frequency: 3 x each week 
2 x each week 
Weekly 
Every 2 weeks 
Every 3 weeks 
Monthly 

Current treatment

Currently on ERT 
clinical trial? 

Date started on current treatment __ __ / __ __ / __ __ __ __

Current type of treatment

Current dose: ___mg/kg

Current frequency: 3 x each week 
2 x each week 
Weekly 
Every 2 weeks 
Every 3 weeks 
Monthly 

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list:

Nurse infuses 
Nurse cannulates and infuses 
Patient cannulates and infuses 
Relative cannulates and infuses 
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Is the patient currently experiencing:  

Febrile reactions? No 
Yes 

Analphylactoid reactions? No 
Yes 

Other pre-medication: No 
Yes 

Antibody status

Measure date: __ __ / __ __ / __ __ __ __

Antibody status to infused product, Tested No 
Yes  If Yes, Positive No 

Yes 
Don’t know 
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Withdrawal from the study

Is the patient still in the full study? No 
Yes 

Withdrawal date: __ __ / __ __ / __ __ __ __

Reason for Withdrawal

 Patient has life threatening disease
 Failure to comply (due to medication)
 Evidence of disease progression
 Patient is pregnant
 Death
 Patient is on a clinical trial
 Questionnaire burden
 Patient turned 16 and didn’t reconsent
 Other   Please specify_____________________________

Continue in the study notes only? No 
Yes 

Record of death

Date of death: __ __ / __ __ / __ __ __ __

Did clinician certify this death as condition related? No 
Yes

Please record the wording from the dearth certificate:

Part 1a ------------------- Free text (Disease or condition directly leading to death)

Part 1b ------------------- Free text (Other disease or condition, if any, leading to 1a)

Part 1c ------------------- Free text (Other disease or condition, if any, leading to 1b)

Part 2 ------------------- Free text (Other significant conditions CONTRIBUTING TO THE DEATH but not related to the 
disease or condition causing it)
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Appendix 11e Clinical Record From for Pompe patients
Pompe                                                                                       Patient ID:

Date of visit ___/ ___ / _____

Pompe CRFs

Inclusion Criteria

Has Clinician given consent for the patient or their carer to be approached?

No  Do not continue
Yes 

Has the patient given informed signed consent?

No  Do not continue
Yes 

Has the parent / carer given informed signed assent?

No  Do not continue
Yes 

Reason for not giving consent:

_____________________________________________________

The patient consented for  Records Only
 Records and Questionnaires

Patient Identification number ________

Date of consent __ __ / __ __ / __ __ __ __

Version of consent form:  ______
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General Patient Information for non-cardiomyopathy and cardiomyopathy

Date of birth __ __ / __ __ / __ __ __ __

Gender: Male 
Female 

Type of Pompe Non-cardiomyopathy 
Cardiomyopathy 

Does the patient have a carer? No 
Yes 

Onset of first symptoms is:
Roughly 
Exactly 
Can’t remember  Month ___  Year ____

Other family members affected?
No 
Yes  If Yes how many --

Relationship/s to patient Mother 
Father 
Sibling 
Other  Please specify____________
(enter unique ID  no of relations) 

Month & Year of diagnosis 
Month--

Unknown  If Month unknown: Year _____ 

Method of diagnosis (tick one of more below if done)

 Recorded
 Not recorded

GAA activity: Normal  (also known as: acid maltose, acid-alpha glucosidase)
Deficient 

GAA cDNA Not Done 
Done  results: 

Allele 1 _________________

Allele 2 _________________

Muscle biopsy  result: negative 
positive  (=glycogen in vacuoles or staining for 

enzyme acid phosphotase, depending on test)

Employment Status Paid Employed  If employed
Unemployed  Full time 
Unpaid Employment       Part time 
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Reason for diagnosis:

Non cardiomyopathy – adult

Was the patient detected by family screening No 
Yes 

Did the patient present with symptoms No 
Yes  If Yes did the patient have:

Proximal Myopathy No 
Yes  pick one: 

Upper Limb 
Lower Limb 
Both 

Breathing Difficulties No 
Yes 

Other symptoms No 
Yes 

Please specify: ___________________________
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Reason for diagnosis:
Non cardiomyopathy – children (juvenile)

Was the patient detected by family screening? No 
Yes 

Did the patient present with symptoms? No 
Yes  If Yes did the patient have:

Abnormal muscle weakness No 
Yes 

Poor Growth No 
Yes 

Recurrent chest infections No 
Yes 

Other symptoms  Please specify:__________________-___

Reason for diagnosis:
Cardiomyopathy (infantile)

With which of the following symptoms did the patient present:Failure to thrive No 
Yes 

Muscle weakness No 
Yes 

Cardiomyopathy No 
Yes 
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Withdrawal from the study

Is the patient still in the full study? No 
Yes 

Withdrawal date: __ __ / __ __ / __ __ __ __

Reason for Withdrawal

 Patient has life threatening disease
 Failure to comply (due to medication)
 Evidence of disease progression
 Patient is pregnant
 Death
 Patient is on a clinical trial
 Questionnaire burden
 Patient turned 16 and didn’t reconsent
 Other   Please specify_____________________________

Continue in the study notes only? No 
Yes 

Record of death

Date of death: __ __ / __ __ / __ __ __ __

Did clinician certify this death as condition related? No 
Yes

Please record the wording from the dearth certificate:

Part 1a ------------------- Free text (Disease or condition directly leading to death)

Part 1b ------------------- Free text (Other disease or condition, if any, leading to 1a)

Part 1c ------------------- Free text (Other disease or condition, if any, leading to 1b)

Part 2 ------------------- Free text (Other significant conditions CONTRIBUTING TO THE DEATH but not related to the 
disease or condition causing it)
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Bone & Joint 
Patient Mobility

Test:  Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

 can walk / stand unaided (i.e. can stand for 6 mins or walk for 5 meters)
 can walk aided one stick (i.e. can’t stand for 6 mins without a stick)
 can walk aided more than one stick
 is wheelchair bound
 is bed-bound (i.e. can’t get into wheelchair)

6 Minute Walk Test

Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Distance walked (m) _______ Aided 
Unaided 

Timed Gower’s test for children

Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Positive 
Negative 
Gave up / can’t do 

Seconds to complete _________
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Muscle Testing – limited MRC scale – 0-5, whole numbers only
Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Muscle Test Left Right
Upper limb:

Shoulder abduction
Shoulder adduction
Elbow flexion
Elbow extension
Wrist flexion
Wrist extension

Lower limb:
Hip flexion
Hip extension
Knee flexion
Knee extension
Plantar flexion
Dorsi flexion

TOTAL

Muscle Test Score _____ (maximum score 120)

The patient was: Passive 
Active  during muscle testing

Dynanometry Test
Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Grip Strength (kg) ______ (best of three)
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Respiratory 
Ventilation
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

The patient:    is free of ventilation 
 is nocturnally ventilated only
 has intermittent daytime ventilation
 is ventilator-dependent (continuous)

Average number of hours on ventilator per 24 hours _____

Pulmonary Function Test (best of 3 if there is more than one)

Patient lying down Test Done 
Test not done 
Can’t do test 

Measure date: __ __ / __ __ / __ __ __ __

FVC (%)   ______ percentage of predicted

FEV1 (%) ______ percentage of predicted

Patient upright Test Done 
Test not done 
Can’t do test 

Measure date: __ __ / __ __ / __ __ __ __

FVC (%)   ______ percentage of predicted

FEV1 (%) ______ percentage of predicted

Swallowing difficulties
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Does the patient have swallowing difficulties – No 
Yes 

If Yes has patient had to modify diet in any way (from advice from Speech therapist) No 
Yes

Respiratory 
Ventilation
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

The patient:    is free of ventilation 
 is nocturnally ventilated only
 has intermittent daytime ventilation
 is ventilator-dependent (continuous)

Average number of hours on ventilator per 24 hours _____

Pulmonary Function Test (best of 3 if there is more than one)

Patient lying down Test Done 
Test not done 
Can’t do test 

Measure date: __ __ / __ __ / __ __ __ __

FVC (%)   ______ percentage of predicted

FEV1 (%) ______ percentage of predicted

Patient upright Test Done 
Test not done 
Can’t do test 

Measure date: __ __ / __ __ / __ __ __ __

FVC (%)   ______ percentage of predicted

FEV1 (%) ______ percentage of predicted

Swallowing difficulties
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Does the patient have swallowing difficulties – No 
Yes 

If Yes has patient had to modify diet in any way (from advice from Speech therapist) No 
Yes
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Sleep study (Children under 8)
Done 
Not  Done  If Done: 

Measure date: __ __ / __ __ / __ __ __ __

Time spent below saturation of 90% ______%
(Given as a percentage of time of duration of the study)

Lowest saturation recorded _______%
(the value in percent of lowest recording that was not due to an artifact)
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Other measures

Body Measurements – Height
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Height (m) _____

Body Measurements – Weight
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Weight (Kg) _____

Vitamin D
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Does the patient have clinically significant Vitamin D deficiency Yes 
No 
Not tested 
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Heart
Echocardiogram:

Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Left Ventricular Mass index ______g/m2

Left Ventricular Ejection fraction _____%

Fraction Shortening _____%

Arrhythmias present 
absent 
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Bone & Joint – Children 
Using any parent reported Motor milestones scale, is the patient able to do the following?
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Sit unsupported: Able 
Unable  Months ______

Stand independently: Able 
Unable  Months ______

Walk: Able 
Unable  Months ______

Walk upstairs one step at a time:
Able 
Unable  Months ______

Muscle strength - Gross Motor Functional Measure (GMFM-66)

Not done 
Done 

Measure date: __ __ / __ __ / __ __ __ __

Score: _____%

Fractures
Recorded 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __

No of fractures in the last 6 months: ______
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Airway / Lung / ENT

Swallowing difficulties
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

Does the patient feed orally? No 
Yes 

Can patient swallow liquid?

Can patient swallow pureed food?

Can patient swallow solid food?

Ventilation
Recorded 
Not recorded 

Measure date: __ __ / __ __ / __ __ __ __

The patient:    is free of ventilation 
 is nocturnally ventilated only
 has intermittent daytime ventilation
 is ventilator-dependent (continuous)

Average number of hours on ventilator per 24 hours _____

Sleep study
Not Done 
Done  If Done: 

Measure date: __ __ / __ __ / __ __ __ __

Time spent below saturation of 90% ______%
(Given as a percentage of time of duration of the study)

Lowest saturation recorded _______%
(the value in percent of lowest recording that was not due to an artifact)

Audiometry

Hearing Test done: Yes 
No 
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Measure date: __ __ / __ __ / __ __ __ __

Hearing Normal: Yes 
No  If No….

Type of hearing loss (pick one) Degree of hearing loss (average decibels 
over tested frequencies) (pick one)

Conductive  Mild (0-40 decibels) 
Sensorineural  Moderate (41-70 decibels) 
Mixed (combination of conductive & 
sensorineural

 Severe (71-95 decibels) 

Profound (over 95 decibels) 

Note: to calculate the degree of hearing loss, add all the decibels and divide by the number of data points.

Type of hearing aid: _________________________________________

Pulmonary Function Test (best of 3 if there is more than one)

Patient lying down Test Done 
Test not done 
Can’t do test 

Measure date: __ __ / __ __ / __ __ __ __

FVC (%)   ______ percentage of predicted

FEV1 (%) ______ percentage of predicted

Patient upright Test Done 
Test not done 
Can’t do test 

FVC (%)   ______ percentage of predicted

FEV1 (%) ______ percentage of predicted
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Growth & Diet
Feeding

Recorded 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __

High protein diet No   
Yes 

Body measurements
Recorded 
Not Recorded 

Measure date: __ __ / __ __ / __ __ __ __

Height cm ________

Weight Kg ________

Head circumference (cm) ________
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Significant Co-morbidity

Please enter up to three significant co-morbidities in the spaces below, and then answer yes or no to the organs affected

1

2

3

4

5

6

Non-cardiomyopathy 1 2 3

Muscle Yes / No Yes / No Yes / No
Lungs / respiratory Yes / No Yes / No Yes / No
Growth Yes / No Yes / No Yes / No

Cardiomyopathy

Heart Yes / No Yes / No Yes / No
Skeletal / muscle Yes / No Yes / No Yes / No
Respiration Yes / No Yes / No Yes / No
Growth Yes / No Yes / No Yes / No
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Con-meds

Medication Prescription? Dose Frequency Date started Date finished Ongoing? 
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Record of Therapy (Enzyme Replacement Therapy, substrate 
reduction therapy etc): 

Is patient on ERT No   
Yes 

Initial Treatment
Initially on ERT 

clinical trial? 

Date of first infusion:

Age when first infusion received:

Initial type of treatment: Myozyme  

Initial dose: ___mg

Initial frequency: weekly 
every 2 weeks 

Current treatment
Is patient currently on ERT 

clinical trial 

Date started current treatment?  --/--/---

Current type of treatment

Current dose: ___mg

Current frequency: weekly 
every 2 weeks 

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list: Nurse infuses 

Nurse cannulates and leaves 
Patient cannulates and infuses 

Is the patient currently experiencing:

Febrile reactions? No 
Yes 

Analphylactoid reactions? No 
Yes 

Does the patient require any pre-medication: No 
Yes 
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Antibody status

Measure date: __ __ / __ __ / __ __ __ __

Antibody status to infused product, Tested No 
Yes  If Yes, Positive No 

Yes 
Don’t know 
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Record of Therapy (Enzyme Replacement Therapy, substrate 
reduction therapy etc): 

Is patient on ERT No 
Yes 

Has patient stopped treatment since their last visit?  No 
Yes 

Has patient started treatment since their last visit? No 
Yes 

Initial Treatment
Initially on ERT 

clinical trial? 

Date of first infusion: --/--/---

Age when first infusion received:

Initial type of treatment: 

Initial dose: ___mg

Initial frequency: weekly 
every 2 weeks 

Current treatment

Is patient currently on ERT 
clinical trial 

Date started current treatment?

Current type of treatment

Current dose: ___mg

Current frequency: weekly 
every 2 weeks 

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list: Nurse infuses 

Nurse cannulates and leaves 
Patient cannulates and infuses 

Is the patient currently experiencing:
Febrile reactions? No 

Yes 

Analphylactoid reactions? No 
Yes 
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Does the patient require any pre-medication: No 
Yes 

Antibody status

Measure date: __ __ / __ __ / __ __ __ __

Antibody status to infused product, Tested No 
Yes  If Yes, Positive No 

Yes 
Stopped Treatment
Final treatment on ERT 

clinical trial 

Date of last infusion: __ __ / __ __ / __ __ __ __

Final type of treatment

Final dose: ___mg

Final frequency: weekly 
every 2 weeks 

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list: Nurse infuses 

Nurse cannulates and leaves 
Patient cannulates and infuses 

Why was treatment stopped?
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Appendix 11f Clinical Record Form for NPC 
patients
NPC                                                                                       Patient ID:

Date of visit ___/ ___ / _____

NPC CRFs

Inclusion Criteria

Has Clinician given consent for the patient or their carer to be approached?

No     Do not continue
Yes 

Has the patient given informed signed consent?

No     Do not continue
Yes 

Has the parent/carer given informed signed consent?

No     Do not continue
Yes 

Reason for not giving consent (if given):

_____________________________________________________

Hospital ID: __________

Patient Identification number ________

Date of consent __ __ / __ __ / __ __ __ __

Version of consent form:  ______
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Patient Information
General Patient Information for MPS1 Adults and Children

Date of birth __ __ / __ __ / __ __ __ __

Gender Male 
Female 

Does the patient have a carer Yes 
No 

Onset of first symptoms Roughly 
exactly 
can’t remember  __ __ / __ __ / __ __ __ __

Any other family members affected?

No 
Yes    
Unknown 
If so, how many? __

Relationship to patient:
Mother 
Father 
Sibling 
Other  Please Specify ______________

Month and Year of Diagnosis Month and year:    ___ / ____

Method of diagnosis
Recorded 
Not recorded    

Cultured skin fibroblasts:

Studies of filipin staining  Normal
 Abnormal

LDL-induced cholesteryl ester  Normal
Formation  Abnormal

NPC1 cDNA  Done
 Not done

NPC1 cDNA results as amino acid change ______________________
Please use the following format e.g. Thr1036Met/Gln928Pro

NPC2 cDNA  Done
 Not done

NPC2 cDNA results as amino acid change ______________________
Please use the following format e.g. Glu20Ter/Ser67pro
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Reason for diagnosis
Was patient detected by family screening?  No

 Yes

Did the patient present with symptoms?  No
 Yes  
If so, what?  ________________________________

What symptoms did they present with?  Hepatic
 Splenic
 Pulmonary
 Neurological
 Psychiatric
 Ophthalmic
 Haematological
 Other 
Please specify______________

Physician of initial presentation:

Please specify______________
 GP
 Neonatal obstetrician / specialist
 Psychiatrist
 Haematologist
 Other

Current Employment Status Paid Employed 
Unemployed 

Unpaid Employment      

Select as appropriate
Full time 
Part time 
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Neonatal Symptoms

Cholestatic jaundice/ hepatomegaly

 Present
 Absent
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

This was detected
 Antenatally from scan
 Postnatally

Is treatment required?  No
 Yes

Liver volume (ml) _____ from MRI/CT

And / or:

Liver size (cm) _____ No. of cm below the costal margin on the mid clavicular line

Splenomegaly

 Present
 Absent
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

This was detected
 Antenatally from scan
 Postnatally

Is treatment required?  No
 Yes

Spleen volume (ml) _____ from MRI/CT

And / or:

Spleen size (cm) _____ No. of cm below the costal margin on the mid clavicular line

Hydrops fetalis (Abnormal accumulation of fluid)

 Present
 Absent
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

Ascites present  No
 Yes

Oedeama present  No
 Yes
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Is Special Care Baby Unit (SCBU) Care required?
 No
 Yes

Liver function/ failure - is the Prothrombin Time (PT) greater than 100?
 No
 Yes
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __
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CNS measures
Learning Difficulties / Cognitive impairment
 Recorded
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

Severity of learning difficulties:

 0 No learning difficulties
 1 Mild language and/or memory impairment, school or work difficulties, but still attending school or 

working
 2 Moderate to severe impairment of school or work function, but still at school or work,

able to converse. Obvious memory impairment 
 3 Unable to attend school or work, but able to perform most self care and function at home. Severe 

language and memory impairment 
 4 No functional memory or language.

Seizures / Epilepsy
 Recorded
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

On anti epileptic medication? 
 Yes
 No
 Not recorded

Severity of Seizures:

 0      No seizures
 1 Provoked seizures only (i.e. with fever or intercurrent illness)
 2 One seizure per month or less frequently
3 One seizure per week to one seizure per month
 4 More than one seizure per week

Other Cortical Signs:
 Present
 Absent
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

Please specify: _____________________________________

Vertical supranuclear gaze palsy

 Recorded
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __
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Severity of Vertical supranuclear gaze palsy:
 0 Normal
 1 Prolonged saccadic latency only
 2 Mildly to moderately slowed saccades
 3 Marked slowing of saccades
 4 Absent saccades

Ataxia
 Recorded
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

Severity of ataxia:
 0 Normal
 1 Apparent only on tandem walking
 2 Ataxia on straight gait
 3 Able to walk only with assistance
 4 Unable to walk

Pyramidal tract dysfunstions (sic!) (movement disorders)
 Recorded
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

Severity of Pyramidal tract dysfunction:
 0 Normal
 1 Normal tone with increased reflexes
 2 Mildly to moderately increased tone and reflexes
 3 Marked spasticity with gait impairment (scissoring)
 4 Severe spasticity with inability to walk.

Dystonia / difficulty in positioning limbs
 Recorded
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

Severity of Dystonia:
 0 Normal
 1 Dystonia apparent only with action (e.g. posturing of hands or feet with

walking, stressed or unstressed)
 2 Dystonia of one limb, apparent at rest
 3 Dystonia of two or more limbs, sparing axial muscles
 4 Generalised dystonia

Speech – Dysarthia “slurred or irregular”
 Recorded
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

Severity of Speech problems:
 0 Normal
 1 mild dysarthria, not impairing intelligibility
 2 moderate dysarthria, impairing intelligibility of more than 50% of spoken words to independent observer
 3 Severe dysarthria, with most speech unintelligible to independent observer
 4 Anarthria
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Swallowing difficulties/Dysphagia
 Recorded
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

Severity of swallowing difficulties/Dysphagia:
 0 Normal
 1 choking/regurgitation with thin liquids
 2 occasional choking on dry solids
 3 choking/regurgitation with thick liquids
 4 unable to swallow

Cataplexy:
 Recorded
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

Severity of Cataplexy:
 0 Normal
 1 head nodding episodes only
 2 Episodes impairing tone beyond head nodding, with or without falls, not more than three times weekly
 3 Episodes impairing tone beyond head nodding, with or without falls, more than three times weekly to daily
 4 Episodes impairing tone beyond head nodding, with or without falls, one or more per day

Myclonic jerks present
 No
 Yes
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __
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Visceral

Splenomegaly (Abnormal enlargement of the spleen)
 Recorded
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

Severity of Splenomegaly:
 0 No spleen enlargement
 1 just palpable at costal margin
 2 up to 5 cm palpable
 3 5-10 cm palpable
 4 > 10 cm palpable

Hepatomegaly (Abnormal enlargement of the liver)
 Recorded
 Not recorded

Measure Date: __ __ / __ __ / __ __ __ __

Severity of Hepatomegaly:
 0 No liver enlargement
 1 Palpable just below costal margin, not accounted for by hepatoptosis
 2 Up to 5 cm palpable below costal margin, not accounted for by hepatoptosis
 3 Enlarged > 5 < 15 cm below costal margin, not accounted for by hepatoptosis
 4 Enlarged > 15 cm below costal margin, not accounted for by hepatoptosis



496 Appendix 11 

Audiometry
Evidence of hearing loss: No 

Yes 

Hearing Test: Done 
Not Done 

Measure date: __ __ / __ __ / __ __ __ __

Type of hearing loss (pick one) Degree of hearing loss (average decibels 
over tested frequencies) (pick one)

Conductive  Mild (0-40 decibels) 
Sensorineural  Moderate (41-70 decibels) 
Mixed (combination of conductive & 
sensorineural

 Severe (71-95 decibels) 

Profound (over 95 decibels) 

Note: to calculate the degree of hearing loss, add all the decibels and divide by the number of data points.

Hearing Aid Used No 
Yes  Type of hearing aid______________________
Not Recorded  

Measure date: __ __ / __ __ / __ __ __ __
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Other measures

Does the patient have Inflammatory Bowel Disease?
 Present
 Absent
 Not recorded

Measure date: __ __ / __ __ / __ __ __ __

Does the patient have Psychiatric Symptoms?
 Present
 Absent
 Not recorded

Measure date: __ __ / __ __ / __ __ __ __

Please specify: ____________________________________________

Does the patient have urinary incontinence?
 Yes
  No
 Not recorded

Measure date: __ __ / __ __ / __ __ __ __

Does the patient have faecal incontinence?
 Yes
  No
 Not recorded

Measure date: __ __ / __ __ / __ __ __ __
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Body Measurements
Height
 Recorded current age __________
 Not recorded

Measure date: __ __ / __ __ / __ __ __ __

Height (cm) _____

Weight
 Recorded
 Not recorded

Measure date: __ __ / __ __ / __ __ __ __

Weight (kg) _____
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Significant Co-morbidity

Does the patient have any co-morbidities?  Yes / No

How many? ____

Please enter significant co-morbidities in the spaces below, and then answer yes or no to the organs affected

1

2

3

4

5

6

1 2 3 4 5 6

CNS Yes / No Yes / No Yes / No Yes/No Yes / No
Yes/No

Visceral Yes / No Yes / No Yes / No Yes/No Yes / No
Yes/No

Audiometry Yes / No Yes / No Yes / No Yes/No Yes / No
Yes/No

Bowels Yes / No Yes / No Yes / No Yes/No Yes / No
Yes/No

Psychiatric 
symptoms Yes / No Yes / No Yes / No Yes/No Yes / No

Yes/No
Incontinence  Yes / No Yes / No Yes / No Yes/No Yes / No

Yes/No

Children Only:

Neonatal 
Symptoms Yes / No Yes / No Yes / No Yes/No Yes / No

Yes/No
Growth Yes / No Yes / No Yes/No Yes/No Yes / No

Yes/No
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Con-meds

Is the patient taking any con-meds?
Medication  Prescription / Dose Frequency Date started

Non prescription
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Withdrawal from the study

Is the patient still in the full study? No 
Yes 

Withdrawal date: __ __ / __ __ / __ __ __ __

Reason for Withdrawal

 Patient has life threatening disease
 Failure to comply (due to medication)
 Evidence of disease progression
 Patient is pregnant
 Death
 Patient is on a clinical trial
 Questionnaire burden
 Patient turned 16 and didn’t re-consent
 Other   Please specify_____________________________

Continue in the study notes only? No 
Yes 

Record of death

Date of death: __ __ / __ __ / __ __ __ __

Did clinician certify this death as condition related? No 
Yes 

Please record the wording from the dearth certificate:

Part 1a ------------------- Free text (Disease or condition directly leading to death)

Part 1b ------------------- Free text (Other disease or condition, if any, leading to 1a)

Part 1c ------------------- Free text (Other disease or condition, if any, leading to 1b)

Part 2 ------------------- Free text (Other significant conditions CONTRIBUTING TO THE DEATH but not 
related to the disease or condition causing it)
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Record of Therapy (Enzyme Replacement Therapy, substrate 
reduction therapy etc): 

Is patient on SRT No 
Yes 

Initial Treatment
Initially on SRT 

clinical trial? 

Date of first Infusion: __ __ / __ __ / __ __ __ __

Age when first infusion received: ______

Initial type of treatment: ____________________

Initial dose: ___(units)

Initial frequency: weekly 
every 2 weeks  

Please specify:__________

Initial type of treatment (substrate reduction therapy)

Initial dose: ___mg

Initial frequency: 3 times per week 
2 times per week 
1 time per week 
2 weekly  
Other  Please Specify________________________

Current treatment
Currently on SRT or clinical treatment? (drop down menu)

Date started current treatment? _________

Current type of treatment 

Current dose: ___units

Current frequency: 3 times per week 
2 times per week 
1 time per week 
2 weekly  
Other  Please Specify________________________
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Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list:

Nurse infuses 
Nurse cannulates and leaves 
Patient cannulates and infuses 

Is the patient currently experiencing:

Febrile reactions? No 
Yes 

Anaphylactoid reactions? No 
Yes 

Does the patient require any pre-medication: No 
Yes 

Current type of treatment (substrate reduction therapy) ________________________

Current Dose _____(mg)

Current frequency: 3 times per week 
2 times per week 
1 time per week 
2 weekly  
Other  Please Specify________________________

Antibody status

Measure date: __ __ / __ __ / __ __ __ __

Antibody status to infused product, Tested No 
Yes  If Yes,

Antibody Status Test Result Positive No 
Yes 
Don’t know 
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Record of Therapy (Enzyme Replacement Therapy, substrate 
reduction therapy etc): 

Is patient on SRT No   
Yes 

Initial Treatment
Initially on SRT 

clinical trial? 

Date of first Infusion: __ __ / __ __ / __ __ __ __

Age when first infusion received: ______

Initial type of treatment: ____________________

Initial dose: ___(units)

Initial frequency: weekly 
every 2 weeks  

Please specify:__________

Initial type of treatment (substrate reduction therapy)

Initial dose: ___mg

Initial frequency: 3 times per week 
2 times per week 
1 time per week 
2 weekly  
Other  Please Specify________________________

Current treatment
Currently on SRT or clinical treatment? (drop down menu)

Date started current treatment? _________

Current type of treatment (ERT)

Current dose: ___units

Current frequency: 3 times per week 
2 times per week 
1 time per week 
2 weekly  
Other  Please Specify________________________
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Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list:

Nurse infuses 
Nurse cannulates and leaves 
Patient cannulates and infuses 

Is the patient currently experiencing:

Febrile reactions? No 
Yes 

Anaphylactoid reactions? No 
Yes 

Does the patient require any pre-medication: No 
Yes 

Current type of treatment (substrate reduction therapy) ________________________

Current Dose _____(mg)

Current frequency: 3 times per week 
2 times per week 
1 time per week 
2 weekly  
Other  Please Specify________________________

Antibody status

Measure date: __ __ / __ __ / __ __ __ __

Antibody status to infused product, Tested No 
Yes  If Yes,

Antibody Status Test Result Positive No 
Yes 
Don’t know 

Stopped Treatment
Final treatment on SRT or clinical trial (drop down menu)

Date of last Infusion: __ __ / __ __ / __ __ __ __

Final type of treatment _____________________________

Final weight ____kg

Final dose: ___units
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Final frequency: 3 times per week 
2 times per week 
1 time per week 
2 weekly 
Other  Please Specify________________________

Hospital/ home infusion: Infusion in Hospital 
Infusion at Home  If Home: pick list: Nurse infuses 

Nurse cannulates and leaves 
Patient cannulates and infuses 

Final type of treatment (substrate reduction therapy)_____________________________

Final dose: ___mg

Final frequency: 3 times per week 
2 times per week 
1 time per week 
2 weekly 
Other  Please Specify________________________ 

Why was treatment stopped?
Please specify:___________________
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Appendix 12  

Caregiver Strain Index

If someone cares for you on a regular basis please can you ask them to fill this 
questionnaire in

Directions: Here is a list of things that other caregivers have found to be difficult. Please put a 
checkmark in the columns that apply to you. We have included some examples that are common 
caregiver experiences to help you think about each item. Your situation may be slightly different, 
but the item could still apply.

Yes, On a Regular 
Basis = 2

Yes, 
Sometimes = 1 No = 0 

My sleep is disturbed (For example: the person I care for is in and out of 
bed or wanders around at night) ____________ ____________ ____________

Caregiving is inconvenient (For example: helping takes so much time or 
it’s a long drive over to help) ____________ ____________ ____________

Caregiving is a physical strain (For example: lifting in or out of a chair; 
effort or concentration is required) ____________ ____________ ____________

Caregiving is confining (For example: helping restricts free time or I cannot 
go visiting) ____________ ____________ ____________

There have been family adjustments (For example: helping has disrupted 
my routine; there is no privacy) ____________ ____________ ____________

There have been changes in personal plans (For example: I had to turn 
down a job; I could not go on vacation) ____________ ____________ ____________

There have been other demands on my time (For example: other family 
members need me) ____________ ____________ ____________

There have been emotional adjustments (For example: severe arguments 
about caregiving) ____________ ____________ ____________

Some behaviour is upsetting (For example: incontinence; the person cared 
for has trouble remembering things; or the person I care for accuses 
people of taking things) 

____________ ____________ ____________

It is upsetting to find the person I care for has changed so much from his/
her former self (For example: he/she is a different person than he/she 
used to be) 

____________ ____________ ____________

There have been work adjustments (For example: I have to take time off 
for caregiving duties) ____________ ____________ ____________

Caregiving is a financial strain 

____________ ____________ ____________

I feel completely overwhelmed (For example: I worry about the person I 
care for; I have concerns about how I will manage) ____________ ____________ ____________

[Sum responses for ‘Yes, on a regular basis’ (2 pts each) and ‘yes, sometimes’ (1 pt each)] 

Total Score = 
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Appendix 13  

Service-use and costs questionnaires
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Service-use and cost questionnaire to patients and their families

LSD Cohort Study
Peninsula Medical School, August 2007

1

National Collaborative Study for Lysosomal Storage Disorders –
Service use and costs to patients and their families 

(questions for self-completion by Adults)

The collaborating specialists from LSD treatment centres, and the relevant 
patient associations and societies, are keen to understand the broader 
impact of LSDs on people’s lives.  The following questions therefore 
mainly ask what health care and other services you have used because of 
your condition or other health problems.  There are also some optional 
questions at the end which ask about your household situation and 
employment status which would also be useful for us to know about.

1. In the last 12 months, have you had any short-term absences from work because of your 
health problems? Yes

No

If yes:

Approximately how many days in the past 12 months have you taken off work (paid or 
unpaid) because of your health problems?    ___________ days

Appendix 16, version 3
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LSD Cohort Study
Peninsula Medical School, August 2007

2

2. In the last 12 months, have you had any contact with hospital services? Yes

(e.g. inpatient admission, outpatient attendance) No

If yes:

a. Inpatient care:   Reason for hospital stay 1__________________________________   

In which hospital? ____________________________________

No. of days in hospital for this stay _________

Reason for hospital stay 2__________________________________   

In which hospital?  ____________________________________

No. of days in hospital for this stay _________

Reason for hospital stay 3__________________________________   

In which hospital?  ____________________________________

No. of days in hospital for this stay _________

(For the next questions ‘reason for attendance’ means a specific health problem. If the 
interviewee has received outpatient care for more than one health problem please detail 
these separately as the first, second, third (etc.) reasons for attendance.)

b. Hospital Outpatient care: 

Reason for attendance (1)_____________________________

No. of attendances (for this reason) in last 12 months  _________

Reason for attendance (2)______________________________

No. of attendances (for this reason) in last 12 months  _________

Reason for attendance (3)______________________________

No. of attendances (for this reason) in last 12 months   _________

c. Day hospital:     Reason for attendance (1)______________________________

No. of attendances (for this reason) in last 12 months  _________

Reason for attendance (2)______________________________

No. of attendances (for this reason) in last 12 months  _________

Reason for attendance (3)______________________________

No. of attendances (for this reason) in last 12 months   _________

d. A and E:            Reason for attendance (1)______________________________

No. of attendances (for this reason) in last 12 months  _________

Reason for attendance (2)______________________________

No. of attendances (for this reason) in last 12 months  _________

Reason for attendance (3)______________________________

No. of attendances (for this reason) in last 12 months   _________
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LSD Cohort Study
Peninsula Medical School, August 2007

3

3. Please give details of any of the following services that you have used outside of hospital in the 
last 12 months

Service Was 
the 
service
used?

Number of 
contacts in 
last 12
months

Typical 
length of 
each contact
(minutes)

Was the 
contact
at home?

If service was paid
for privately, give 
amount paid per 
attendance/use 

General Practitioner No/Yes No/Yes

Practice nurse (at the GP clinic) No/Yes No/Yes

District Nurse No/Yes No/Yes

Community mental health nurse No/Yes No/Yes

Other nurse or health visitor No/Yes No/Yes

Counsellor No/Yes No/Yes

Other therapist

Type ______________________

No/Yes No/Yes

‘Alternative’ medicine or therapy

Specify ___________________

No/Yes No/Yes

Psychologist No/Yes No/Yes

Psychiatrist (community or primary care 
based)

No/Yes No/Yes

Other community based doctor

Specify ____________________

No/Yes No/Yes

Occupational therapist No/Yes No/Yes

Social worker No/Yes No/Yes

Home help / home care worker No/Yes No/Yes

Care attendant No/Yes No/Yes

Community support worker No/Yes No/Yes

Housing worker No/Yes No/Yes

Voluntary worker (including priest etc.)

Specify ____________________

No/Yes No/Yes

Day centre/drop-in/social club

Name _____________________

No/Yes No/Yes

Self-help group

Name _____________________

No/Yes No/Yes
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LSD Cohort Study
Peninsula Medical School, August 2007

4

4. In the last 12 months, have you received help from friends or relatives on any of the 
following tasks, as a consequence of your health problems?

Type of help Was help 
received?

Helper’s relationship to 
you (see key below)*

Average number of 
hours help per week

Child Care
(circle ‘No’ if interviewee has 
no children)

No/Yes

Personal care
(e.g. washing, dressing etc.)

No/Yes

Help in/ around the house
(e.g., cooking, cleaning etc.)

No/Yes

Help outside the home 
(e.g., shopping, transport etc.)

No/Yes

Transport related (please 
state):

No/Yes

Other (please state): No/Yes

* Key:  1 = Mother; 2 = Father; 3 = Brother/ Sister; 4 = Other Relative; 5 = Friend; 6 = Other (please specify)

5. For each of the following types of health service use (over the last 12 months), what was the 
approximate cost to you and/or your family for travel, parking, and accommodation?

5a. for each hospital inpatient stay:  Transport fares:   Train  £_____   Bus £_____ Taxi £ _____

Mileage by car?  ______miles (whole trip)

Parking costs  £________

Accommodation (eg. Hotel/B&B) costs  £________

5b. for each day hospital visit:  Transport fares:   Train  £_____   Bus £_____ Taxi £ _____

Mileage by car?  ______miles (whole trip)

Parking costs  £________

Accommodation (eg. Hotel/B&B) costs  £________

5c. for each A & E attendance: Transport fares:   Train  £_____   Bus £_____ Taxi £ _____

Mileage by car?  ______miles (whole trip)

Parking costs  £________

5d. for each GP visit: Transport fares:   Train  £_____   Bus £_____ Taxi £ _____

Mileage by car?  ______miles (whole trip)

Parking costs  £________
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6. Have you used any other services, or incurred any other specific costs as a result of your illness
over the past 12 months? If so, please give further details:

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

Some further optional questions about your household and employment 

11. Who do you usually live with? Husband/wife/steady partner 1
Spouse/partner and children 2
Children (but no spouse/partner) 3
Parents 4
Alone 5
Other _____________________ 6

OR I do not wish to comment

12. Employment status Paid employment - full-time 1
Paid employment – part-time 2
Voluntary work (unpaid) 3
Sheltered work 4
Registered as unemployed but available for work 5
Unemployed due to illness 6
Retired 7
Student 8
Housewife/husband 9
Other _____________________________ 10

OR I do not wish to comment

13. Please give details of any way in which your Lysosomal Storage Disorder has or may have 
constrained your career (such as, missing a promotion; having to choose a less stressful job; 
having to cut your usual number of hours) 
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LSD Cohort Study
Peninsula Medical School, August 2007

6

Is there any other information about how your Lysosomal Storage Disorder impacts on you or your 
family situation, or comments on this questionnaire, which you would like to tell us about?

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

Thank you for taking the time to answer these questions.  

Your answers are very important in building a complete picture of how the different 

lysosomal storage disorders affect people, their families and the use of NHS services
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Service-use and cost questionnaire for children (proxy)

Appendix16B, version 3.

LSD Cohort Study
Peninsula Medical School, August 2007

1

National Collaborative Study for Lysosomal Storage Disorders –
Service use and costs to child patients and their families 

(questions for completion by Parents or the Main Carers of children)

The collaborating specialists from LSD treatment centres, and the relevant 
patient Associations and Societies, are keen to understand the broader 
impact of LSDs on children’s lives.  The following questions therefore 
mainly ask what health care and other services your child has used because 
of their condition or other health problems.  There are also some optional 
questions at the end which ask about your household situation, and 
employment status which would also be useful for us to know about.

1. In the last 12 months, has your child had any short-term absences from school/nursery
because of their health problems?

Yes
No

If yes:

Approximately how many days in the past 12 months has your child taken off school
because of their health problems?    ___________ days



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Wyatt et al. under the terms of a commissioning contract issued by the Secretary of State for Health. This 
issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that suitable 
acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

517� Health Technology Assessment 2012; Vol. 16: No. 39DOI: 10.3310/hta16390

Appendix16B, version 3.

LSD Cohort Study
Peninsula Medical School, August 2007

2

2. In the last 12 months, has your child had any contact with hospital services?

Yes
(e.g. inpatient admissions, outpatient or emergency attendances) No
If yes:

a. Inpatient care:   Reason for hospital stay 1__________________________________   

In which hospital? ____________________________________

No. of days in hospital for this stay _________

Reason for hospital stay 2__________________________________   

In which hospital?  ____________________________________

No. of days in hospital for this stay _________

Reason for hospital stay 3__________________________________   

In which hospital?  ____________________________________

No. of days in hospital for this stay _________

(For the next questions ‘reason for attendance’ means a specific health problem. If your 
child has received outpatient care for more than one health problem please detail these 
separately as the first, second, third (etc.) reasons for attendance.)

b. Hospital Outpatient care:
Reason for attendance (1)_____________________________
No. of attendances (for this reason) in last 12 months  _________
Reason for attendance (2)______________________________
No. of attendances (for this reason) in last 12 months  _________
Reason for attendance (3)______________________________
No. of attendances (for this reason) in last 12 months   _________

c. Day hospital:     Reason for attendance (1)______________________________
No. of attendances (for this reason) in last 12 months  _________
Reason for attendance (2)______________________________
No. of attendances (for this reason) in last 12 months  _________
Reason for attendance (3)______________________________
No. of attendances (for this reason) in last 12 months   _________

d. A and E:            Reason for attendance (1)______________________________
No. of attendances (for this reason) in last 12 months  _________
Reason for attendance (2)______________________________
No. of attendances (for this reason) in last 12 months  _________
Reason for attendance (3)______________________________

Appendix16B, version 3.

LSD Cohort Study
Peninsula Medical School, August 2007

3

No. of attendances (for this reason) in last 12 months   _________
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Appendix16B, version 3.
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4

3. Please give details of any of the following services that your child has used outside of hospital
in the last 12 months. This should include all telephone contact.

Service Was 
the 
service
used?

Number of 
contacts in 
last 12
months

Typical 
duration of 
each contact
(minutes)

Was the 
contact
at home?

If service was paid 
for privately, give 
amount paid per 
attendance/use 

General Practitioner No/Yes No/Yes

Practice nurse (at the GP clinic) No/Yes No/Yes

District Nurse No/Yes No/Yes

Community mental health nurse No/Yes No/Yes

Other nurse or health visitor No/Yes No/Yes

Counsellor No/Yes No/Yes

Other therapist

Type ______________________

No/Yes No/Yes

‘Alternative’ medicine or therapy

Specify ___________________

No/Yes No/Yes

Psychologist No/Yes No/Yes

Psychiatrist (community or primary care 
based)

No/Yes No/Yes

Other community based doctor

Specify ____________________

No/Yes No/Yes

Occupational therapist No/Yes No/Yes

Social worker No/Yes No/Yes

Home help / home care worker No/Yes No/Yes

Care attendant No/Yes No/Yes

Community support worker No/Yes No/Yes

Housing worker No/Yes No/Yes

Voluntary worker (including priest etc.)

Specify ____________________

No/Yes No/Yes

Day centre/drop-in/social club

Name _____________________

No/Yes No/Yes

Self-help group

Name _____________________

No/Yes No/Yes
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LSD Cohort Study
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6

4. In the last 12 months, have you received help from friends or relatives on any of the 
following tasks, as a consequence of your child’s health problems?

Type of help Was help 
received?

Helper’s relationship to 
you (see key below)*

Average number of 
hours help per week

Child Care
(circle ‘No’ if interviewee has 
no children)

No/Yes

Personal care
(e.g. washing, dressing etc.)

No/Yes

Help in/ around the house
(e.g., cooking, cleaning etc.)

No/Yes

Help outside the home 
(e.g., shopping, transport etc.)

No/Yes

Other (please state): No/Yes

Other (please state): No/Yes

* Key:  1 = Mother; 2 = Father; 3 = Brother/ Sister; 4 = Other Relative; 5 = Friend; 6 = Other (please specify)

5. For each of the following types of health service use by your child (over the last 12 months), 
what was the approximate cost to you and/or your family for travel, parking, and accommodation?

5a. for each hospital inpatient stay:  Transport fares:   Train  £_____   Bus £_____ Taxi £ _____

Mileage by car?  ______miles (whole trip)

Parking costs  £________

Accommodation (eg. Hotel/B&B) costs  £________

5b. for each day hospital visit:  Transport fares:   Train  £_____   Bus £_____ Taxi £ _____

Mileage by car?  ______miles (whole trip)

Parking costs  £________

Accommodation (eg. Hotel/B&B) costs  £________

5c. for each A & E attendance: Transport fares:   Train  £_____   Bus £_____ Taxi £ _____

Mileage by car?  ______miles (whole trip)

Parking costs  £________

5d. for each GP visit: Transport fares:   Train  £_____   Bus £_____ Taxi £ _____

Mileage by car?  ______miles (whole trip)

Parking costs  £________
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6. Have you/they used any other services, or incurred any other specific costs as a result of your
child’s illness over the past 12 months? If so, please give further details:

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

Some further OPTIONAL questions about your household and your employment status

11. Who does your child usually live with?
Both parents 7
One parent 8
Other carer(s) ___________________ 9

OR I do not wish to comment

12. Employment status Paid employment - full-time 1
Paid employment – part-time 2
Voluntary work (unpaid) 3
Sheltered work 4
Registered as unemployed but available for work 5
Unemployed due to illness 6
Retired 7
Student 8
Housewife/husband 9
Other _____________________________ 10

OR I do not wish to comment

13. Please give details of any way in which you think your child’s health problems have or may 
have constrained their opportunities (such as, choice of school; school attendance; ability to 
participate in social activities)

Is there any other information about how your child’s condition impacts on you or your family’s
situation, or comments on this questionnaire, which you would like to tell us about?

_____________________________________________________________

_____________________________________________________________
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_____________________________________________________________

_____________________________________________________________

Thank you for taking the time to answer these questions.  

Your answers are very important in building a complete picture of how the different 

lysosomal storage disorders affect people, their families and the use of NHS services
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Appendix 14  

Fatigue Severity Scale of sleep disorders

The Fatigue Severity Scale is a method of evaluating the impact of fatigue on you. The Fatigue 
Severity Scale is a short questionnaire that requires you to rate your level of fatigue.

The Fatigue Severity Scale questionnaire contains nine statements that rate the severity of your 
fatigue symptoms.

Read each statement and circle a number from 1 to 7, based on how accurately it reflects your 
condition during the past week and the extent to which you agree or disagree that the statement 
applies to you.

A low value (e.g., 1) indicates strong disagreement with the statement, whereas a high value  
(e.g., 7) indicates strong agreement.

It is important that you circle a number (1 to 7) for every question.

Fatigue Severity Scale Questionnaire 

During the past week, I have found that: Disagree	 Agree 

My motivation is lower when I am fatigued. 1 2 3 4 5 6 7

Exercise brings on my fatigue. 1 2 3 4 5 6 7

I am easily fatigued. 1 2 3 4 5 6 7

Fatigue interferes with my physical functioning. 1 2 3 4 5 6 7

Fatigue causes frequent problems for me. 1 2 3 4 5 6 7

My fatigue prevents sustained physical functioning. 1 2 3 4 5 6 7

Fatigue interferes with carrying out certain duties and 
responsibilities. 

1 2 3 4 5 6 7

Fatigue is among my three most disabling symptoms. 1 2 3 4 5 6 7

Fatigue interferes with my work, family, or social life. 1 2 3 4 5 6 7

Total Score:

Arch Neurol 1989;46:1121–3. Copyright ©(1989) American Medical Association. All rights 
reserved. Reproduced with permission of the author. 
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Appendix 15  

Postal questionnaire request letters

Patient enzyme replacement therapy reduction postal 
questionnaire letter

Dear

We are very grateful to you for consenting to participate in the National Collaborative Study for 
Lysosomal Storage Disorders. We had anticipated asking you to complete the questionnaires at 
each of your annual review visits until 2011.

We are aware however, that your clinician has changed your treatment regimen due to a current 
world shortage of your treatment drug, and we were wondering whether you would consider 
completing a further set of Quality of Life and Service Use Questionnaires as well as a fatigue 
severity assessment for the study.

The questionnaires are exactly the same as those you previously completed with the addition of 
a fatigue assessment. As these questionnaires are being given to you in addition to those at your 
annual clinical review, we are asking for your additional agreement.

We have enclosed a stamped addressed envelope for you to return the completed questionnaires, 
however please be assured that you are under no obligation to agree to this or to remain in 
the study.

If you have any questions or concerns regarding this, please free to contact one of the team.

If you would like to discuss any aspect of the study then please contact either of us at the address 
below, or talk to your clinician.

Best wishes

Name of treating consultant for that site and Chief Investigator 
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Parent enzyme reduction therapy reduction postal 
questionnaire letter

Dear

We are very grateful to you for allowing your child to participate in the National Collaborative 
Study for Lysosomal Storage Disorders. We had anticipated asking you to complete the 
questionnaires at each of your annual review visits until 2011.

We are aware however, that your child’s clinician has changed his/her treatment regimen due to 
a current world shortage of your treatment drug, and we were wondering whether you would 
consider completing a further set of Quality of Life and Service Use Questionnaires for the study.

The questionnaires are exactly the same as those you previously completed, however as this is not 
at your child’s annual review we are asking for your additional agreement.

We have enclosed a stamped addressed envelope for you to return the completed questionnaires, 
however please be assured that you are under no obligation to agree to this or for your child to 
remain in the study.

If you have any questions or concerns regarding this, please free to contact one of the team.

If you would like to discuss any aspect of the study then please contact either of us at the address 
below, or talk to your clinician.

Best wishes

Name of treating consultant for that site and Chief Investigator 
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Appendix 16  

Questionnaire follow-up letters

Letter for follow-up postal questionnaire

Dear

We are very grateful to you for consenting to participate in the National Collaborative Study for 
Lysosomal Storage Disorders. We had anticipated asking you to complete the questionnaires at 
each of your annual review visits until 2011.

Unfortunately due to staffing issues we have been unable to meet with you to give you the follow 
up questionnaires in person however we have enclosed them with this letter.

The questionnaires are exactly the same as those you previously completed with the addition of a 
fatigue assessment.

We have enclosed a stamped addressed envelope for you to return the completed questionnaires, 
however please be assured that you are under no obligation to agree to this or to remain in 
the study.

If you have any questions or concerns regarding this, please free to contact one of the team.

If you would like to discuss any aspect of the study then please contact either of us at the address 
below, or talk to your clinician.

Best wishes

Name of treating consultant for that site and Chief Investigator
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Letter for parent for follow–up postal questionnaires

Dear

We are very grateful to you for allowing your child to participate in the National Collaborative 
Study for Lysosomal Storage Disorders. We had anticipated asking you to complete the 
questionnaires at each of your annual review visits until 2011.

Unfortunately due to staffing issues we have been unable to meet with you and your child to give 
you the follow up questionnaires in person however we have enclosed them with this letter. The 
questionnaires are exactly the same as those you previously completed,

We have enclosed a stamped addressed envelope for you to return the completed questionnaires, 
however please be assured that you are under no obligation to agree to this or for your child to 
remain in the study.

If you have any questions or concerns regarding this, please free to contact one of the team.

If you would like to discuss any aspect of the study then please contact either of us at the address 
below, or talk to your clinician.

Best wishes

Name of treating consultant for that site and Chief Investigator
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Letter for carer for follow-up postal questionnaires

Dear

We are very grateful to you for giving consent to participate in the National Collaborative Study 
for Lysosomal Storage Disorders on behalf of [patient name]. We had anticipated asking you to 
complete the questionnaires at each of [patient name]’s annual review visits until 2011.

Unfortunately due to staffing issues we have been unable to meet with you and [patient name] to 
give you the follow up questionnaires in person however we have enclosed them with this letter. 
The questionnaires are exactly the same as those you previously completed,

We have enclosed a stamped addressed envelope for you to return the completed questionnaires, 
however please be assured that [patient name] is under no obligation to agree to this or to remain 
in the study.

If you have any questions or concerns regarding this, please free to contact one of the team.

If you would like to discuss any aspect of the study then please contact either of us at the address 
below, or talk to your clinician.

Best wishes

Name of treating consultant for that site and Chief Investigator
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Appendix 17  

Final letters

Final letter for follow-up postal questionnaires

Dear

We are now coming towards the end of the National Collaborative Study for Lysosomal Storage 
Disorders and would like to take this opportunity to thank you for participating in this study.

We would also be extremely grateful if you would complete one final set of questionnaires which 
will help us compare your quality of life and health status now, with when you entered the study. 
The questionnaires are exactly the same as those you previously completed with the addition of a 
fatigue assessment. As these questionnaires are in addition to those given to you at your annual 
clinical review, we are asking for your additional agreement.

We have enclosed a stamped addressed envelope for you to return the completed questionnaires. 
However, please be assured that you are under no obligation to agree to this – your continuing 
treatment will not be affected in any way by your choice and no further communications 
regarding these questionnaires will be made if you do not return them to us.

We will shortly be analysing the data we have been collecting over the last couple of years, and 
we hope to send an abridged version of the study results to everyone who has participated in the 
study, by the end of next year.

Once again, we thank you for your time taken to complete these questionnaires and for your 
continued support of our research. If you would like to discuss any aspect of the study then please 
contact either of us at the address below, or talk to your clinician.

Best wishes

Name of treating consultant for that site and Chief Investigator
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Final letter for follow-up postal questionnaires to parents

Dear

We are now coming towards the end of the National Collaborative Study for Lysosomal Storage 
Disorders and would like to take this opportunity to thank you and your child for participating in 
this study.

We would also be extremely grateful if you would complete one final set of questionnaires which 
will help us compare your child’s quality of life and health status now, with when they entered 
the study. The questionnaires are exactly the same as those you previously completed. As these 
questionnaires are in addition to those given to you at you’re your child’s annual clinical review, 
we are asking for your additional agreement.

We have enclosed a stamped addressed envelope for you to return the completed questionnaires. 
However, please be assured that you are under no obligation to agree to this – your 
child’s continuing treatment will not be affected in anyway by your choice and no further 
communications regarding these questionnaires will be made if you do not return them to us.

We will shortly be analysing the data we have been collecting over the last couple of years, and 
we hope to send an abridged version of the study results to everyone who has participated in the 
study, by the end of next year.

Once again, we thank you and your child for your time taken to complete these questionnaires 
and for your continued support of our research. If you would like to discuss any aspect of the 
study then please contact either of us at the address below, or talk to your child’s clinician.

Best wishes

Name of treating consultant for that site and Chief Investigator
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Final letter for follow-up postal questionnaire for carers

Dear

We are now coming towards the end of the National Collaborative Study for Lysosomal 
Storage Disorders and would like to take this opportunity to thank you and [patient name] for 
participating in this study.

We would also be extremely grateful if you would complete one final set of questionnaires which 
will help us compare [patient name’s] quality of life and health status now, with when they 
entered the study. The questionnaires are exactly the same as those you previously completed 
with the addition of a fatigue assessment. As these questionnaires are in addition to those given 
to you at [patient name’s] annual clinical review, we are asking for your additional agreement.

We have enclosed a stamped addressed envelope for you to return the completed questionnaires. 
However, please be assured that you are under no obligation to agree to this – [patient 
name’s] continuing treatment will not be affected in any way by your choice and no further 
communications regarding these questionnaires will be made if you do not return them to us.

We will shortly be analysing the data we have been collecting over the last couple of years, and 
we hope to send an abridged version of the study results to everyone who has participated in the 
study, by the end of next year.

Once again, we thank you and [patient name] for your time taken to complete these 
questionnaires and for your continued support of our research. If you would like to discuss any 
aspect of the study then please contact either of us at the address below, or talk to [patient name’s] 
clinician.

Best wishes

Name of treating consultant for that site and Chief Investigator 
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Appendix 18  

Mean annual drug cost to the NHS of 
enzyme replacement therapy by disorder 
and adult/child status

Table of mean annual drug use

LSD

Adults Children

Annual cost (£)  
(ERT)

Annual cost (£) 
(alternative ERT drug)

Annual cost (£)  
(ERT)

Annual cost (£) 
(alternative ERT drug)

Gaucher disease 126,261 144,868 107,404 187,841

Fabry disease 120,840 108,242 89,199 79,478

MPS I 258,201 139,563

MPS II 537,605 314,004

Pompe disease 282,798 121,780

Source: Data supplied by NSCT in January 2012 and cited with permission.
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Appendix 19  

Minimum additional discounted QALYs 
needed for each year on ERT for ERT to be 
judged as cost-effective

Table showing the number of discounted QALYs neededa for ERT to be considered cost-effective

LSD

Adults Children

Annual cost  
(ERT)

Annual cost  
(alternative ERT drug)

Annual cost  
(ERT)

Annual cost  
(alternative ERT drug)

Gaucher disease 4.2 4.8 3.6 6.3

Fabry disease 4.0 3.6 3.0 2.6

MPS I 8.6 4.7

MPS II 17.9 10.5

Pompe disease 9.4 4.1

a	 Assuming a maximum willingness to pay for a QALY of £30,000.
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Feedback

The HTA programme and the authors would like to know 
your views about this report.

The Correspondence Page on the HTA website 
(www.hta.ac.uk) is a convenient way to publish your 

comments. If you prefer, you can send your comments 
to the address below, telling us whether you would like 

us to transfer them to the website.

We look forward to hearing from you.
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