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Abstract

The clinical effectiveness and cost-effectiveness of
primary stroke prevention in children with sickle cell disease:
a systematic review and economic evaluation

MG Cherry," J Greenhalgh,™ L Osipenko,? M Venkatachalam,? A Boland,’
Y Dundar,' K Marsh,? R Dickson' and DC Rees®

"Liverpool Reviews and Implementation Group, University of Liverpool, Liverpool, UK
2Matrix Evidence, London, UK
3School of Medicine, King’s College London, London, UK

*Corresponding author

Background: Sickle cell disease (SCD) is a recessive genetic blood disorder, caused by a
mutation in the p-globin gene. For children with SCD, the risk of stroke is estimated to be
up to 250 times higher than in the general childhood population. Transcranial Doppler
(TCD) ultrasonography is a non-invasive technique which measures local blood velocity in
the proximal portions of large intracranial arteries. Screening with TCD ultrasonography
identifies individuals with high cerebral blood velocity; these children are at the highest risk
of stroke. A number of primary stroke prevention strategies are currently used in clinical
practice in the UK including blood transfusion, treatment with hydroxycarbamide and bone
marrow transplantation (BMT). No reviews have yet assessed the clinical effectiveness and
cost effectiveness of primary stroke prevention strategies in children with SCD identified to
be at high risk of stroke using TCD ultrasonography.

Objective: To assess the clinical effectiveness and cost-effectiveness of primary stroke
prevention treatments for children with SCD who are identified (using TCD ultrasonography)
to be at high risk of stroke.

Data sources: Electronic databases were searched from inception up to May 2011,
including the Cochrane Database of Systematic Reviews (CDSR), the Cochrane Central
Register of Controlled Trials (CENTRAL), the Database of Abstracts of Reviews of Effects
(DARE), EMBASE, the Health Technology Assessment (HTA) database, ISI Web of Science
Proceedings, ISI Web of Science Citation Index, the NHS Economic Evaluation Database
(NHS EED) and MEDLINE.

Review methods: The assessment was conducted according to accepted procedures for
conducting and reporting systematic reviews and economic evaluations. A de novo Markov
model was developed to determine the cost-effectiveness of TCD ultrasonography and
blood transfusion, where clinically appropriate, in patients with SCD.

Results: Two randomised controlled trials met the inclusion criteria involving a study
population of 209 participants. One compared blood transfusion with standard care for
children who are identified as being at high risk of stroke using TCD ultrasonography. In
this trial, one patient in the transfusion group had a stroke (1/63) compared with 11 children
in the standard care group (11/67). The other trial assessed the impact of halting chronic
transfusion in patients with SCD. Sixteen patients in the transfusion-halted group had an
event (16/41) (two patients experienced stroke and 14 reverted to abnormal TCD velocity);
there were no events in the continued-transfusion group (0/38). No meta-analyses of these
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trials were undertaken. No relevant economic evaluations were identified for inclusion in the
review. The de novo modelling suggests that blood transfusions plus TCD scans
(compared with just TCD scans) for patients with SCD at high risk of stroke, aged =2 years,
may be good value for money. The intervention has an incremental cost-effectiveness ratio
of £24,075 per quality-adjusted life-year gained, and helps avoid 68 strokes over the
lifetime of a population of 1000 patients. The intervention costs an additional £13,751 per
patient and generates 0.6 extra years of life in full health per patient. The data available for
the economic analysis are limited. Sensitivity analyses and validation against existing data
and expert opinion provide some reassurance that the conclusion of the model is reliable
but further research is required to validate these findings.

Limitations: The main limitations relate to the availability of published clinical data; no
completed randomised controlled trials were identified which evaluated the efficacy of
either BMT or hydroxycarbamide for primary stroke prevention. Both the clinical and cost
data available for use in the economic analysis are limited. Sensitivity analyses and
validation against existing data and expert opinion provide some reassurance that the
conclusions of the model are reliable, but further research is required to validate

these findings.

Conclusions: The use of TCD ultrasonography to identify children at high risk of stroke,
and treating these children with prophylactic blood transfusions, appears to be both
clinically effective and cost-effective compared with TCD ultrasonography only. However,
given the limitations in the data available, further research is required to verify this
conclusion. Several research recommendations can be proposed from this review.
Clinically, more research is needed to assess the effects and optimal duration of long-term
blood transfusion and the potential role of hydroxycarbamide in primary stroke prevention.
From an economics perspective, further research is required to generate more robust data
on which to base estimates of cost-effectiveness or against which model outputs can be
calibrated. More data are required to explain how utility weights vary with age, transfusions
and strokes. Research is also needed around the cost of paediatric stroke in the UK.
Study registration: PROSPERO CRD42011001496.

Funding: The National Institute for Health Research Health Technology

Assessment programme.
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Glossary

Chelation The term used to refer to the binding of a compound to a metal ion. In the case of
iron chelation, iron chelators (deferasirox, deferoxamine or deferiprone) are used to bind iron in
the body. Once the iron is bound it can be more readily excreted from the body.

Cost-effectiveness Cost-effectiveness has numerous meanings; however, for practical purposes
it is usually given to mean that the cost per quality-adjusted life-year gained is below a notional
willingness-to-pay threshold. Currently in the UK a threshold of £20,000-30,000 is commonly
used. Hence, for the purposes of this review we interpret incremental cost-effectiveness ratios
(ICERs) of <£20,000 as cost-effective, ICERs between £20,000 and £30,000 as possibly cost-
effective, and ICERs above £30,000 as unlikely to be cost-effective.

Disutility The marginal loss of utility associated with some adverse event or condition.
Haemorrhagic stroke A type of stroke that is caused by bleeding in the brain.

Incidence of stroke per 100 patient-years The number of first strokes divided by the number of
years of observation and multiplied by 100.

Ischaemic stroke A type of stroke that is caused by blockage in a cerebral blood vessel.
Quality-adjusted life-year(s) An index of survival that is weighted or adjusted by a patient’s
quality of life during the survival period. Quality-adjusted life-years are calculated by multiplying
the number of life-years by an appropriate utility or preference score.

Sickle This is used to refer to the crescent shape formed by red blood cells in sickle cell disease.

Stroke The sudden death of brain cells due to a lack of oxygen when the blood flow to the brain
is impaired by blockage or rupture of an artery to the brain, causing neurological dysfunction.

Utility Well-being or preference that an individual or society may have for a particular
health state.

Utility score A number used to define utility, in which death is allocated a score of ‘0" and
perfect heath is allocated a score of 1.
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List of abbreviations

AE adverse event

BMT bone marrow transplantation

BNF British National Formulary

CPSA cost per stroke avoided

CRD Centre for Reviews and Dissemination

HbS sickle haemoglobin (haemoglobin S)

HbSp* haemoglobin S-beta plus

HbSp° haemoglobin S-beta zero

HbSS homozygous sickle cell disease

HDU high-dependency unit

ICER incremental cost-effectiveness ratio

ICU intensive care unit

ITT intention to treat

LRiG Liverpool Reviews and Implementation Group
MRA magnetic resonance angiography

MRI magnetic resonance imaging

N/A transition probability not valid, i.e. zero

NA not applicable

NHLBI National Heart, Lung and Blood Institute
NICE National Institute for Health and Clinical Excellence
NR not reported

NS not stated

QALY quality-adjusted life-year

QoL quality of life

RCT randomised controlled trial

SCA sickle cell anaemia

SCD sickle cell disease

SD standard deviation

SS sickle cell disease

STOP Stroke Prevention Trial in Sickle Cell Anaemia
STOP 2 Optimising Primary Stroke Prevention in Sickle Cell Anaemia

SWIiTCH Stroke With Transfusions Changing to Hydroxyurea (now known
as hydroxcarbamide)

TCD transcranial Doppler

TWIiTCH  TCD With Transfusions Changing to Hydroxyurea (now known as
hydroxcarbamide) trial

All abbreviations that have been used in this report are listed here unless the abbreviation is well
known (e.g. NHS), or it has only been used once, or it is a non-standard abbreviation used only in
figures/tables/appendices in which case the abbreviation is defined in the figure or table legend.
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Executive summary

Background

Sickle cell disease (SCD) is a recessive genetic blood disorder, caused by a mutation in the
beta-globin gene. This mutation results in an altered haemoglobin molecule that polymerises
when deoxygenated and damages red cells, which adopt the characteristic sickle shape. Their
abnormal shape and decreased flexibility means that they are more likely to obstruct small blood
vessels, reducing the amount of oxygen delivered to lungs, brain and other tissues, and causing
vascular endothelial damage. SCD occurs more commonly in people whose family origins are
African, African Caribbean, Asian or Mediterranean; it is rare in people of north European
origin. Sickle cell anaemia (SCA) is the most common form of SCD and may also be referred to
as HbSS or SS disease. For children with SCD, the risk of stroke is estimated to be up to 250 times
higher than in the general childhood population. Transcranial Doppler (TCD) ultrasonography
is a non-invasive technique that measures local blood velocity in the proximal portions of large
intracranial arteries. Screening with TCD ultrasonography identifies individuals with high
cerebral blood velocity; these children are at the highest risk of stroke. A number of primary
stroke prevention strategies are currently used in clinical practice in the UK including blood
transfusion, treatment with hydroxycarbamide and bone marrow transplantation (BMT).

Objectives

The purpose of the review is to assess the clinical effectiveness and cost-effectiveness of

primary stroke prevention treatments for children with SCD who are identified (by TCD
ultrasonography) as being at high risk of stroke. The objectives are to systematically examine the
published evidence for primary stroke prevention treatments for children with SCD, identify gaps
in the current clinical and economic literature, and make recommendations for future clinical
research and practice. To this end, a systematic review and economic evaluation were conducted.

Methods

Nine electronic databases [the Cochrane Database of Systematic Reviews (CDSR), the Cochrane
Central Register of Controlled Trials (CENTRAL), the Database of Abstracts of Reviews of Effects
(DARE), EMBASE, the Health Technology Assessment (HTA) database, ISI Web of Science
Proceedings, ISI Web of Science Citation Index, the NHS Economic Evaluation Database (NHS
EED) and MEDLINE] were searched, from inception to May 2011 for randomised controlled
trials (RCTs), non-randomised studies and economic evaluations. Studies that compared blood
transfusion, hydroxycarbamide or BMT with standard care or with each other were considered;
studies of children with TCD velocities of =200 cm/second were included. Outcomes for
clinical effectiveness included incidence of stroke, vasculopathy, adverse events and quality of
life (QoL). Cost-effectiveness outcomes included cost per stroke avoided (CPSA) and cost per
quality-adjusted life-year (QALY) gained. Two reviewers independently screened all titles and/
or abstracts, applied inclusion criteria to relevant publications and quality assessed the included
studies. The results of the data extraction and quality assessment are summarised in structured
tables and as a narrative description.
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Xii Executive summary

A de novo economic Markov model was developed to assess the cost-effectiveness of blood
transfusion for primary stroke prevention in children with high blood velocity and SCD. The
Markov model estimated the change in blood velocity, the incidence of stroke and SCD-related
complications. The model was run for the lifetime of a hypothetical cohort of 1000 2-year-

old patients with SCD. The model was run twice: the intervention scenario, in which blood
transfusion is provided as treatment for children with blood velocity of 2200 cm/second and the
non-intervention scenario, in which blood transfusion is not provided as treatment for children
with blood velocity of =200 cm/second. The model adopted an NHS perspective and expressed
outcomes in terms of cost per QALY gained.

Results

Clinical review
No papers were identified which evaluated the efficacy of BMT or hydroxycarbamide for primary
stroke prevention. Two RCTs were identified which considered the efficacy of blood transfusions:
the Stroke Prevention Trial in Sickle Cell Anaemia (STOP) trial and a follow-on trial, Optimising
Primary Stroke Prevention in Sickle Cell Anaemia (STOP 2). The patient populations differed
between the two trials. In the STOP trial, children with abnormal TCD velocities (blood flow
velocity of 2200 cm/second) were randomised to receive blood transfusion (n=63) or no
transfusion (n=67), with a mean follow-up time of 19.6 months. In the STOP 2 trial, children
whose TCD velocities had normalised after >30 months of blood transfusion were randomised
to continued transfusion (n=38) or halted transfusion (n=41). No meta-analyses of these trials
were undertaken.

In the STOP trial, one patient in the transfusion group had a stroke (primary end point)
compared with 11 children in the standard care group. In the STOP 2 trial, the primary
composite end point was stroke or reversion to abnormal TCD velocity. In the transfusion-halted
group, 16 patients experienced an event (two had a stroke and 14 reverted to abnormal TCD
velocities), whereas there were no events in the continued-transfusion group. Both the STOP

and STOP 2 trials were halted prematurely due to the number of events that occurred in the
standard-care arms.

Economic evaluation
No relevant economic evaluations were identified for inclusion in the review. The de novo
modelling suggests that the intervention (blood transfusions plus TCD scans for patients with
SCD at high risk of stroke, aged =2 years) may be good value for money compared with TCD
scans only. The intervention has an incremental cost-effectiveness ratio (ICER) of £24,075 per
QALY gained, and helps avoid 68 strokes over the lifetime of a population of 1000 patients. The
intervention costs an additional £13,751 per patient and generates 0.6 extra years of life in full
health per patient.

Discussion

The two STOP trials clearly show the benefit of initiating and continuing chronic prophylactic
blood transfusion in children with SCD who are identified to be at high risk of stroke using
TCD ultrasonography. Annual TCD scans from the age of 2 years for children with SCD and
the initiation of blood transfusion in children whose TCD velocity is >200 cm/second now form
routine clinical practice. However, both STOP trials were prematurely halted owing to large
numbers of events in the non-transfusion arms. A recent meta-analysis by Bassler reported
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large differences in treatment effect size between trials that were stopped early and similar trials
that ran their full course (Bassler D, Briel M, Montori VM, Lane M, Glasziou P, Zhou Q, et al.
Stopping randomised trials early for benefit and estimation of treatment effects: systematic review
and meta-regression analysis. JAMA 2010;303:1180-7). It is therefore unclear what the long-term
outcomes of these trials would have been as treatment effects of continued blood transfusion
may have been overestimated. It is also unclear for how long prophylactic blood transfusion
should continue in order to provide benefits in terms of primary stroke prevention in children
with abnormal TCD velocities. Research suggests that 60% of children with high TCD velocities
do not go on to suffer a stroke, and there is no method by which to predict which children will
not have a stroke and therefore would not benefit from receiving long-term blood transfusion.

In addition, there are few data on the pattern of iron overload in children with SCD and the
mortality effects of long-term blood transfusion. No published data regarding the efficacy of
other primary stroke prevention strategies except blood transfusion were identified. One trial is
ongoing to assess the potential role of hydroxycarbamide in reducing TCD velocities in children
aged <2 years but results are not yet available.

The ICERs produced by the de novo model are subject to significant uncertainty owing to a
number of limitations in the clinical effectiveness and cost-effectiveness data available. Estimates
of costs and benefits for individuals with SCD are subject to substantial uncertainty. Sensitivity
analyses and validation against existing data and expert opinion have provided some reassurance
that the conclusion of the model is reliable; however, it is possible that the conclusion that blood
transfusions are cost-effective may be influenced by uncertainty in a small number of model
parameters. Further research is thus required to verify the results reported here.

Conclusions

The use of TCD ultrasonography to identify children at high risk of stroke and treating these
children with prophylactic blood transfusions appears to be both clinically effective and cost-
effective when compared with TCD ultrasonography only. However, given the limitations in the
data available, further research is required to verify this conclusion.

Recommendations for future research

Several research recommendations can be proposed from this review. Clinically, more research is
needed to assess the effects of long-term blood transfusion on both the QoL and mortality rates
of children, the effects of chelation and iron overload in patients with SCD who are receiving
blood transfusion, and the length of time for which transfusion should be continued. More data
are also needed on the prevalence of SCD in the UK and primary stroke prevention treatment
pathways and outcomes, as well as research to identify which children will go on to have a stroke
following abnormal TCD results. It is likely that the National Haemoglobinopathy Register

will prove useful in obtaining these data. It is also important to assess the potential role of
hydroxycarbamide in primary stroke prevention.

From an economic perspective, further research is required to generate more robust data on
which to base estimates of cost-effectiveness or against which model outputs can be calibrated.
More data are required to explain how utility weights vary with age, transfusions and strokes.
Research is also needed around the cost of paediatric stroke in the UK, which also considers
indirect costs and the cost of informal care, research around post-stroke outcome data and
research into survival rates for children with SCD.
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Xiv Executive summary

Study registration

This study is registered as PROSPERO CRD42011001496.

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
Assessment aims

he review assessed the clinical effectiveness and cost-effectiveness of primary stroke

prevention treatments for children with sickle cell disease (SCD) who were identified by
transcranial Doppler (TCD) ultrasonography to be at high risk of stroke. The review examined
the existing health economics evidence and identified the key economic issues related to primary
stroke prevention treatment in clinical care for this group of patients. A de novo economic model
was developed and populated to evaluate the cost-effectiveness of TCD ultrasonography with
blood transfusion as a primary stroke prevention treatment within the NHS.
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Chapter 2

Background

Sickle cell disease is a recessive genetic blood disorder, caused by a mutation in the beta-globin
gene.! This mutation results in an altered haemoglobin molecule that polymerises when
deoxygenated and damages red cells, which adopt the characteristic sickle shape. Their abnormal
shape and decreased flexibility means that they are more likely to obstruct small blood vessels,
reducing the amount of oxygen delivered to the lungs, brain and other tissues, and causing
vascular endothelial damage.

People who inherit one affected beta-globin gene have sickle cell trait and this does not normally
cause health problems. People who inherit two genes for haemoglobin S (sickle haemoglobin,
HbS) or one gene for HbS and one gene for beta-thalassaemia or haemoglobin C, D Punjab or

O Arab have SCD.! SCD occurs more commonly in people whose family origins are African,
African Caribbean, Asian or Mediterranean; the disease is rare in people of north European
origin.? Sickle cell anaemia (SCA) is the most common form of SCD and may also be referred to
as HbSS or SS disease. Types of SCD are summarised in Table 1.

A major complication of SCD is cerebrovascular disease, which can result in overt stroke.’ Nearly
all of the evidence on stroke in SCD refers to homozygous sickle cell disease (HbSS) and, to a
lesser extent, haemoglobin SP° thalassaemia (HbSB® thalassaemia). Without a primary prevention
programme, rates of overt stroke in children and adults with SCD are higher than in the general
population. The actuarial or predictive risk of an initial stroke before the age of 20 years in
individuals with SCD is 0.761 episodes per 100 person-years, whereas after the age of 20 years the
risk is 0.524 episodes per 100 person-years.*

Epidemiology

Sickle cell disease

Sickle cell disease is one of the most common severe monogenic disorders in the world.” It is
now the most common genetic condition in the UK; the incidence rate is estimated to be 1 in

TABLE 1 Types of SCD

Severity of
Type of SCD Genetic profile Other names symptoms
HbAS Heterozygous for HbS. Carries both defective Sickle cell trait, often referred to as healthy carrier Normally
gene (B and gene for normal haemoglobin (B4 of HbS asymptomatic
HbSS Homozygous for HbS. Most or all of normal Sickle cell anaemia (SCA) Moderate to
haemoglobin is replaced with sickle haemoglobin severe
(HbS)
HbSC Double heterozygous for HbS and haemoglobin C ~ Haemoglobin SC or HbSC Mild to moderate
HbSD Punjab Double heterozygous for HoS and haemoglobin D Haemoglobin SD or HbSD. Only if the D is D Punjab Moderate to
is there a clinical problem severe
HbSE° Double heterozygous for HbS and beta zero- Haemoglobin S-beta zero-thalassaemia Moderate to
thalassaemia thalassaemia severe
HbSB* Double heterozygous for beta plus-thalassaemia Haemoglobin S-beta plus-thalassaemia Mild to severe
thalassaemia (mild beta-thalassaemia mutation)
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2000 live births.® Rates are higher in some urban areas, affecting 1 in 300 live births.> There are
approximately 5230 children aged <16 years with SCD in the UK. As SCD is primarily found in
black ethnicities (predominantly from sub-Saharan Africa), there is a very unequal geographic
distribution of SCD in the UK; the highest density of the affected population is located in inner-
city areas, where there is a high proportion of ethnic minority populations.” It is thought that
75% of children with SCD in the UK live in or around London (A Streetly, NHS Sickle Cell and
Thalassaemia Screening Programme, and D Rees, School of Medicine, King's College London,
London, UK, 2011, personal communication). Streetly et al.® estimated the prevalence of SCD in
the UK to be approximately 3 per 1000 children (1:330 babies with a positive result) in south-
east London in comparison with 0.12 per 1000 children (1:8333 infants with positive result)

in Cumbria and in Lancashire. Babies reported as Black African make up 4% of total births yet
represent 61% of all suspected cases of SCD.® Carrier rates in Black African babies are 145 per
1000 children (1:7), in comparison with 1.85 per 1000 children reported as being White British
(1:540).8

Screening for sickle cell disease

The Human Genetics Commission considers that preconception genetic testing can be useful

if offered to individuals from high-risk populations owing to their family history or ethnic
background. Testing should be offered together with pre- and post-test genetic counselling, and
should support reproductive choice.’ In the UK, testing is undertaken on an ad hoc basis owing
to a lack of national policy (A Streetly and D Rees, 2011, personal communication).

Both antenatal and postnatal screening programmes for SCD are in place; these were first
introduced in England between September 2003 and July 2006."° The purpose of the screening
programme is to facilitate informed choices, identify women/couples at risk of a pregnancy
with sickle cell or thalassaemia disorders and provide appropriate referral and care for prenatal
diagnosis with continuation of pregnancy or termination according to parental choice.

Antenatal screening for SCD is offered to women in England identified to be at high risk by a
blood test in their eighth to tenth week of pregnancy (A Streetly and D Rees, 2011, personal
communication). The roll-out of this screening programme was completed in September 2008.°
Between April 2008 and March 2009, approximately 657,000 pregnant women were screened for
SCD and thalassaemia in the UK.® Estimated rates of antenatal screening uptake in women vary,
with one source reporting an uptake rate of 80%'' and another reporting uptake as ‘low’’

Newborn screening takes place as part of the newborn dried-blood-spot screening programme
between 5 and 8 days after birth. The programme was fully implemented in England in 2006. All
infants, regardless of ethnicity, are offered screening.®

Complications of sickle cell disease
Sickle cell disease is associated with a number of serious complications, including acute pain,
splenic sequestration and acute chest syndrome.

Acute pain

Acute pain (vaso-occlusive crisis) is a common occurrence in individuals with SCD, and pain
caused by vaso-occlusion is the major cause of hospitalisation in patients with SCD."? The

most commonly affected areas are the abdomen, back, legs, knees, arms and chest,'>'* with

pain generally affecting two or more areas. The pain can be acute or chronic, but acute pain is
more common, especially in children. Acute pain occurs when sickled red blood cells block
blood flow to limbs and organs, which leads to ischaemic tissue injury and the occlusion of
microvascular beds. Chronic pain occurs following recurrent crises, which lead to the destruction
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of bones, joints and organs. The effect of recurrent acute pain on chronic pain causes a unique
pain syndrome."

Overall, patients with SCD have an average of about one hospital admission per year with vaso-
occlusive crisis, but the susceptibility to severe painful crisis is highly variable and approximately
5.2% of patients with SCD have between 3 and 10 episodes of vaso-occlusive crises per year."
These generally resolve in between 5 and 7 days, although severe episodes can result in hospital
admissions lasting 2-3 weeks. Treatment for acute pain may include strong opiate analgesia,
fluids, antibiotic drugs and, if there is symptomatic anaemia, blood transfusion.’®

Acute splenic sequestration

Acute splenic sequestration happens as a result of rapid sequestration of red blood cells in the
spleen.” It is a serious complication of SCD and is one of the leading causes of death in children
with SCD in the first decade of life.''” Splenic sequestration is most common in children aged
between 5 months and 2 years, and is characterised by sudden onset of anaemia, splenomegaly
(enlargement of spleen) and a spleen that regresses to its presequestration size following blood
transfusion.' Viral causes of splenic sequestration have been suggested, as it is thought to be
associated with upper respiratory tract infections.'

In the short term, blood transfusion can be used to prevent recurrent attacks of splenic
sequestration and is therefore advocated as treatment to prevent recurrent attacks.'® Splenectomy
is advocated if the child has two or more episodes of severe acute splenic sequestration requiring
transfusion.'?

Acute chest syndrome

Acute chest syndrome can be caused by infection, fat embolism and vaso-occlusion of the
pulmonary vasculature,” and symptoms include pleuritic chest pain, fever, rales (crackles) on lung
auscultation and pulmonary infiltrates observed on chest radiographs.'® At least one episode of
acute chest syndrome is experienced in the lives of approximately half of all patients with SCD."”
Acute chest syndrome is the second most frequent cause of hospitalisation in patients with SCD
(after acute pain),” with a reported rate of 12.8 hospitalisations per 100 patient-years.'® One-
quarter of SCD-related deaths can be directly attributable to acute chest syndrome.'® Death rates
in patients with acute chest syndrome are 1.8% in children and 4.3% in adults.?? Peak incidence
has been reported as at between 2 and 4 years of age (25.3 per 100 patient-years), with a higher
prevalence during the winter months.'¢

Childhood stroke and sickle cell disease
For children with SCD, the risk of stroke is estimated to be 300 times higher than in the general
childhood population.?* Without screening, up to 10% of children with SCD suffer stroke,
usually ischaemic.?® A further 17-25% of patients suffer often unnoticed ‘silent infarctions,
resulting in neurological disability and damage.? Ischaemic strokes are characterised by slurred
speech, weakness in limbs, seizures, coma and cognitive impairments. The most common
presentation of stroke is acute hemiplegia (the inability to move, experienced on one side of the
body). Recovery from stroke varies across children; functionality may be recovered over time.
However, 50% of children who experience a stroke are likely to have remaining disability and
18% of these children will be severely disabled.** An underappreciated outcome of stroke in
childhood is its association with serious intellectual and cognitive deficits; attention, memory and
executive function may all be affected.* Once individuals have suffered a primary stroke, they
have a 30-75% risk of a further (secondary) stroke if not receiving blood transfusions, and these
strokes are associated with significant mortality and morbidity.”
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The risks of stroke for patients with SCD are thought to differ across the course of childhood.
Data from the USA indicate that the childhood incidence of stroke in those with SCD is

1.02 per 100 patient-years in children aged between 2 and 5 years, and 0.79 per 100 patient-years
in children aged between 6 and 9 years,”” with stroke in all individuals with SCD averaging 0.61
per 100 patient-years.

The Baltimore—-Washington Cooperative Young Stroke Study?® identified all children aged

1-14 years in Maryland and Washington DC with a diagnosis of ischaemic stroke and
intracerebral haemorrhage between 1988 and 1991. They estimated the incidence of stroke
among children with SCD to be 0.28%, or 285 per 100,000 children with SCD per year. Stroke
incidence in children without SCD has been estimated at 2.3 per 100,000 children per year.?®
Quinn and Miller® calculated that by 18 years of age 11% of children with SCD will have suffered
a clinically overt stroke and a further 20% will have a clinically ‘silent’ stroke. Data for the UK on
stroke rates in children with SCD are not readily available but there is no reason to anticipate that
they are significantly different to rates reported from the USA. A longitudinal study by Telfer et
al* in the UK followed a neonatal cohort of 252 children with SCD from 1983 to 2005 and used
Kaplan-Meier techniques to estimate the risk of developing abnormal TCD scores in a cohort of
children followed from birth to the age of 16 years. They found the incidence of first stroke to be
0.3 per 100 patient-years. Estimated risk of stroke was 0.7% per 100 patient-years at age 5 years,
2.7% at age 10 years, 4.3% at age 15 years and 12.8% at age 20 years. The majority of these patients
had been screened with TCD ultrasonography and other modalities and, during the course of the
study, primary stroke prophylaxis had been implemented.

Current methods of identifying stroke risk

Transcranial Doppler ultrasonography is a non-invasive technique that measures local

blood velocity in the proximal portions of large intracranial arteries. Screening with TCD
ultrasonography identifies individuals with high cerebral blood velocity rates; these children are
at the highest risk of stroke (Table 2).*!

There are 55 centres in the UK that currently offer TCD screening. The uptake of stroke screening
nationally in children with SCD is not known, but figures provided by the North Middlesex
University Hospitals NHS Trust indicate that >90% of children who are offered screening are
screened (M Roberts-Harewood, School of Medicine, King's College London, London, UK,

2011, personal communication). The reported advantages and disadvantages® of the use of TCD
ultrasonography for identification of risk of early stroke in children are listed in Table 3.

It is estimated®' that 9.7% of children screened will have an ‘abnormal’ TCD velocity of

>200 cm/second at their first TCD scan and these children are estimated to have a stroke rate of
at least 10% per year (M Roberts-Harewood, 2011, personal communication).* Data from the
UK suggest that 3% of children have an abnormal first TCD velocity and that 10-15% of children
develop abnormal TCD velocities by the age of 16 years.*

TABLE 2 Time-averaged maximal mean velocity risk limit cut-offs

Risk category Velocity (cm/second)
Normal velocity: ‘standard risk’ <170
Borderline velocity: ‘conditional risk’ 170-199

High velocity: ‘high risk’ >200
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TABLE 3 Advantages and disadvantages of TCD ultrasonography

Advantage Disadvantage

Can be performed at the bedside Operator dependent, so requires skill and experience in
interpretation

Gives immediate information as to intracerebral vasculature Can be technically difficult owing to poor acoustic window

Can be easily repeated Allows for examination of cerebral blood volume only in certain

segments of large intracranial vessels
Less expensive than other techniques, such as magnetic resonance imaging  Detects indirect effects (such as abnormal waveform characteristics)

of lesions
Does not use contrast agents, therefore avoiding allergic reactions and Does not detect silent infarcts
decreasing patient risk
High temporal resolution Does not detect all children who are at increased risk of stroke

Safe and non-invasive procedure

Current primary stroke prevention strategies

A number of primary stroke prevention strategies for children with SCD are currently used in
clinical practice in the UK, including blood transfusion, treatment with hydroxycarbamide and
bone marrow transplantation (BMT).

Regular blood transfusion
The primary prevention strategy for stroke resulting from SCD in both adults and children
is regular blood transfusion, although the means by which transfusion prevents stroke is
unknown.* The standard therapeutic goal of regular blood transfusion is to reduce the HbS to
<30% of the total haemoglobin® and to maintain a haemoglobin level of >9 g/dl.

Blood transfusions can be delivered using different methods. These include transfusion of packed
red blood cells every 3-4 weeks and exchange transfusion (by hand or automated apheresis)
every 4-8 weeks. Following 3 years of blood transfusion therapy, maintenance of HbS at

<50% may then be sufficient to prevent future stroke,’ although there is no direct evidence to
support this.

Data are lacking regarding the exact number of children with SCD who are currently receiving
blood transfusions in the UK. However, cohort data suggest that between 3.6% and 6.7% of
children with SCD receive prophylactic blood transfusion for primary stroke prevention each
year (M Roberts-Harewood, 2011, personal communication).” Data from a large UK centre
suggest that 9% of children with HbSS receive prophylactic blood transfusion for primary
stroke prevention each year (P Telfer, Barts and the London School of Medicine and Dentistry,
London, UK, 2011, personal communication). The paediatric peer review programme suggests
that between 1:30 and 1:10 children receive regular blood transfusion for all causes, of which
primary stroke prevention in children with SCD is the most common (A Yardumian, North
Middlesex University Hospital, UK, 2011, personal communication).

Blood transfusion is time consuming and regular transfusion is required to reduce and

maintain the target levels of HbS.* There are also significant risks associated with chronic blood
transfusion, including iron overload. Adverse events (AEs) associated with transfusion include
alloimmunisation (development of antibodies to foreign red blood cells),” risk of transfusion-
transmitted infections [such as human immunodeficiency virus (HIV), hepatitis B, prion disease
or hepatitis C (frequently occurring in developing countries where the rate of SCD is higher)]
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and haemolytic transfusion reactions. The risks of these events increase over time and must be
carefully considered before undertaking a regimen of chronic blood transfusion.

It is estimated that approximately 67% of children who have a first overt stroke will have further
overt strokes without transfusion therapy.* However, it is likely that between 17.5% and 20% of
children will suffer a second overt stroke, despite receiving regular blood transfusion therapy.***

Evidence for the efficacy of transcranial Doppler ultrasonography

and blood transfusion

The clinical efficacy of implementing blood transfusions in children with high-risk TCD velocity
readings in clinical practice is evidenced by cohort data from the UK and USA 227314 These
are shown in Table 4 as incidence of stroke per 100 patient-years. It can be seen that in all
cohorts, the rates of stroke per 100 patient-years is reduced after the introduction of a TCD
scanning and blood transfusion programme.

In addition to these studies, in France a recent cohort study by Bernaudin et al.*” reported

the predictive factors and outcomes of cerebral vasculopathy in the Créteil newborn SCA
cohort. The cohort was screened with TCD ultrasonography yearly from the age of 2 years, and
transfusion was recommended to children with abnormal TCD velocities. Early TCD screening
and introduction of blood transfusion following abnormal TCD reduced cumulative risk of
stroke by the age of 18 years from previously reported 11% to 1.9%. The cumulative risk of
stroke, abnormal TCD, stenosis or silent stroke by the age of 14 years was 49.9%. These data
support the use of blood transfusion in children identified to be at high risk of stroke using
TCD ultrasonography.

Chelation therapy

Death in early adulthood has been a common outcome of long-term treatment with blood
transfusion in patients with thalassaemia owing to inadequate control of transfusional iron
overload.** Complications due to iron overload can be prevented by iron chelation therapy, which
is typically necessary after about 12 months of transfusion (although iron overload is less likely

TABLE 4 Stroke incidence rates (cohort data)

Incidence of stroke

Authors Setting per 100 patient-years TCD screening?  Age range (years)
Ohene-Frempong (1998)7  Co-operative study of SCD 0.84 No 1-9
(multicentre USA) 0.41 No 10-19
Quinn (2004)% Neonatal cohort, Dallas, TX, USA 0.85 No 0-18
Fullerton (2004)* California cohort 1991-8 0.88 No 0-20
California cohort 1999 0.5 Partial 0-20
California cohort 2000 017 Full 0-20
McCarville (2008)*" SCD Centre, Memphis, CA, 0.46 No 2-18
Kaiser Permanente Medical Care 0.53 Partial 2_18
Programme 0.18 Full 218
Armstrong Wells (2009)* Children’s Hospital of Philadelphia ~ 0.44 No Children and adults
0.19 Full Children and adults
Enningful-Eghan (2010)* East London UK cohort 0.67 No >22
0.06 Full 2-18
Telfer (2007, 2009)%2* East London UK cohort 0.3 Partial 0-16

0.13 Full 0-16
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TABLE 5 Licensed chelation treatments

Generic name (trade ~ Method of administration

name, manufacturer)  and dose European licence Side effects

Deferoxamine Subcutaneous infusion over  To treat iron overload in Injection site reactions, arthralgia/myalgia, headache,

(Desferal®, Novartis) 8—-12hours, 5-7 times per patients receiving regular  urticaria, nausea, pyrexia. Ocular and auditory disturbances,
week transfusion and growth retardation in children (less common)
20-50mg/kg per day

Deferasirox (Exjade®, Oral, 20-40 mg/kg per day To treat iron overload Increased serum creatinine, diarrhoea, constipation,

Novartis) in patients with SCD of nausea, abdominal pain, increased alanine transaminase.

>2 years Ocular and auditory disturbances, and growth retardation in

children (less common)

in individuals receiving exchange transfusion). In chelation, medication is administered, which
binds to iron and allows it to be readily excreted from the body.

Current licensed chelation treatments for patients with SCD include deferoxamine and
deferasirox (Table 5). A third chelator, deferiprone (Ferriprox®, ApoPharma), is licensed only

for patients with thalassaemia, although it is used by patients with SCD in a minority of cases.
Healthcare professionals at specialist centres decide on the choice of drug, monitoring for efficacy
and side effects, dose adjustments and changes to the chelation regime required by their patients.

Iron overload can be managed using iron chelating agents to remove toxic iron build-up;*
however, compliance with non-deferasirox chelating regimes is documented as being poor.* It is
assumed that the introduction of an orally administered treatment (deferasirox) has the potential
to improve adherence to chelation and thereby enhance long-term outcomes for patients treated
with chronic transfusion.*®* Adverse events (AEs) may require the medication to be stopped and
subjective side-effects still limit adherence to treatment.

Deferoxamine

Deferoxamine has a short half-life and cannot be absorbed from the intestine; therefore the
treatment route is by subcutaneous infusion over 8-12hours, 5-7 times per week. The dose varies
depending on the degree of iron overload and the age of the patient. For established overload the
dose is usually between 20 and 50 mg/kg daily.*

The two main methods of deferoxamine administration are via a mechanical syringe-driver
pump or disposable balloon infuser. The pump is relatively inexpensive; however, it is ‘noisy
and cumbersome’ and patients are obliged to prepare the doses of deferoxamine.’* The balloon
infuser is more expensive but is smaller and quieter, and is supplied with preprepared doses
of deferoxamine. It is thought that use of the balloon infuser may support patient compliance
to chelation treatment, as it reduces the burden on the patient and facilitates normal

daily activities.”!

Commonly reported side effects of deferoxamine use include injection site reactions, headache,
urticaria, nausea and pyrexia. Less commonly reported side effects are ocular and auditory
disturbances, and growth retardation in children. Three-monthly checks of weight and height are
recommended for children who are treated with deferoxamine.*

In the USA, National Institutes of Health guidelines® recommend that chelation therapy (with

deferoxamine) is considered once liver iron stores reach 7 mg/g dry weight, or when cumulative
transfusions reach approximately 120 ml of packed red blood cells per kilogram of body weight.
The guidelines also state that serum ferritin levels of > 1000 pg/l may be used as an indicator but
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stress that there is a risk of under- or overtreatment owing to the unreliability of this measure in
patients with SCD.

Deferasirox

Deferasirox is licensed in Europe to treat iron overload in patients with SCD who are aged
>2 years. It is an oral treatment that is mixed with water or juice and taken 30 minutes before
food. Common side effects include increased serum creatinine, gastrointestinal disorders
including diarrhoea, constipation, nausea and abdominal pain, and increased alanine
transaminase. It is not recommended for patients with severe hepatic impairment or renal
impairment. Less commonly reported side effects are ocular and auditory disturbances, and
growth retardation in children.

The UK guidelines,” by the Sickle Cell Society, for chelation therapy recommend that chelation
with deferoxamine or deferasirox is considered when patients have received at least 20 top-up
transfusions and once liver iron stores reach 7 mg/g dry weight. The guidelines® state that
deferoxamine should be offered as standard treatment and deferasirox should be offered if
deferoxamine is not acceptable. In UK clinical practice, the actual uptake rates of deferoxamine
and deferasirox are unclear; in some centres the majority of patients are prescribed deferasirox,
whereas in others the majority are prescribed deferoxamine (which has a more established track
record than deferasirox). In other centres treatment with deferasirox and deferoxamine is more
evenly distributed, depending on prescriber preference (D Rees, C Chapman, University Hospital
of Leicester NHS Trust, Leicester, UK, and P Telfer, 2011, personal communication).

Risk-benefit model of iron overload and blood transfusion for

primary stroke prevention

A paper® from the USA, published by Mazumdar et al. in 2007, describes the construction

and outcomes of a decision model that compared six primary stroke prevention strategies

among children with SCA. (The primary author was supported by a grant from the Agency for
Healthcare Research and Quality, National Institutes of Health.) The three stated purposes of the
model were to (1) compare the projected benefits and risks of the six primary stroke prevention
strategies; (2) estimate the optimal frequency of TCD screening; and (3) identify key assumptions
that influence the risk-benefit relationship. The primary stroke prevention strategies were chosen
to reflect those recommended by professional societies or reported to be in use in the USA and
are described in Table 6.

In a hypothetical cohort of 2-year-old children (1n=2000), the optimal strategy (prevention of
32% of strokes) was found to be annual TCD screening until the age of 10 years and children
at high risk of stroke receiving monthly transfusion until the age of 18 years. The paper*
highlighted that all strategies resulted in decreased life expectancy, as the model projected
that reductions in death rates due to stroke prevention were offset by increases in deaths from

TABLE 6 Stroke prevention strategies compared by Mazumdar et al.*®

Frequency and duration of TCD  Duration of transfusion for

scanning high-risk patients

Annual to age 16 years Monthly transfusions for life
Annual to age 16 years Transfusion to age 18 years
Biannual to age 16 years Transfusion to age 18 years
Annual to age 10 years Transfusion to age 18 years
Once at 2 years of age Transfusion to age 18 years

No screening No transfusion
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transfusion. The authors noted that their results were sensitive to adherence rates to iron
chelation treatment and that improvements in adherence would increase life expectancy.

The publication has attracted criticism on a number of grounds (P Telfer and D Rees, 2011,
personal communication). First, the model considered long-term risk of stroke in children and
adults, whereas the evidence for the efficacy of primary stroke prevention in a paper by Adams
et al. [the STOP trial (Stroke Prevention Trial in Sickle Cell Anaemia)]* is limited to children.
In a paper by Paul Telfer et al.* the authors note that the model assumes an absence of any effect
of childhood transfusion on subsequent adult stroke incidence; however, transfusing high-risk
children will prevent future strokes in adulthood (although as yet there are no data available

to support this assumption). Further, the data currently available allow an estimate of the risk
benefit during childhood and by including all age groups, the beneficial effect of transfusion in
childhood is underestimated.?

Another criticism® is levelled at the assumption in the model of an eightfold increase in mortality
from iron overload after 2 years of regular transfusions, which is negated by adherence to iron
chelation treatment. This assumption was derived from an observational study of a cohort of
adults with SCD in the 1990s, who were regularly transfused although not for primary stroke
prevention; deferasirox was not available as an iron chelation treatment. Although it is the

case that the most important AE related to chronic blood transfusion is iron overload, current
knowledge of mortality and morbidity resulting from iron overload is derived for the most part
from studies of patients with thalassaemia major. The pathology of iron overload in patients

with SCD has not been widely studied; however, the limited evidence available suggests that

the pattern of iron-induced organ damage is different in patients with SCD from patients with
thalassaemia, and the risks may be lower.**! In studies that have investigated causes of mortality
in children and adults in the developed world, transfusional iron overload is recorded as being
‘an unusual cause of death’® In summary, these commentators regard the assumption of an
increased risk of eightfold to be a ‘gross overestimate of the mortality risk in both childhood and
adulthood’ Additionally, regular transfusions may be expected to reduce tissue damage caused by
SCD, and so preserve organ function and prolong life.

Hydroxycarbamide
Data from non-randomised clinical studies suggest that hydroxycarbamide might be an
alternative to transfusion for primary stroke prevention®® and might reduce the risk of stroke
in children with SCD. The Royal College of Physicians recommends that children with SCD
who cannot receive blood transfusion because of alloimmunisation, autoantibody formation
or non-compliance with transfusion or chelation may be considered for treatment with
hydroxycarbamide. Hydroxycarbamide increases the concentration of fetal haemoglobin, and
is licensed as a treatment to reduce painful crises in patients with SCD. The number of children
in the UK currently receiving treatment with hydroxycarbamide for primary stroke prevention
is unknown.

A recent systematic review” considered all published literature on the efficacy, effectiveness and
toxicity of hydroxycarbamide in children with SCD, and found an increase in fetal haemoglobin
from 5-10% to 15-20% in those children treated with hydroxycarbamide. Haemoglobin
concentration increased modestly (1g/1) but significantly across studies. Treatment with
hydroxycarbamide also decreased hospitalisation rates from 87% to 56%. A small study®® has
reported on the impact of hydroxycarbamide on the TCD blood velocities of 59 children with
SCD and shows that the magnitude of TCD velocity decline was significantly correlated with
the maximal baseline TCD value. Recently published data from the BABY HUG trial” found

a significantly lower average increase in TCD velocity in children aged between 9 months and
18 months receiving hydroxycarbamide than in those receiving placebo. The evidence for the
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use of hydroxycarbamide as a primary stroke prevention strategy is minimal but suggests that
hydroxycarbamide may be useful in reducing TCD velocities in children from birth before
they become abnormal. Based on the results of the Stroke With Transfusions Changing to
Hydroxyurea (SWiTCH; hydroxurea is now known as hydroxcarbamide) trial,” it is generally
accepted that hydroxycarbamide should not be used for secondary stroke prevention.

Bone marrow transplantation
Bone marrow transplantation is reported to stabilise the cerebrovascular disease caused by SCD*
but is not often feasible due to the lack of availability of suitably matched donors. It is estimated
that there are only four to five BMTs performed in the UK each year, and <400 are performed
annually worldwide (A Streetly and D Rees, 2011, personal communication). Successful
transplantation of non-sickle cell bone marrow cures SCD, and therefore the children receiving
BMT are no longer treated or followed up in the same way as children with SCD. This makes
estimation of stroke risk in this population difficult.

Current guidelines for stroke prevention

Clinical guidelines from the USA and UK,% outlined below, resulted from the findings of

two randomised controlled trials (RCTs) by Adams; STOP?! and its follow-on trial Optimising
Primary Stroke Prevention in Sickle Cell Anaemia (STOP 2).* In the STOP*' trial, patients
with abnormal TCD scan results were randomised to receive either regular transfusion or no
transfusion (standard care). The trial was halted prematurely after 19.6 months. The protocol
followed in the STOP? trial is incorporated in clinical guidelines in the USA and UK.*>* In the
STOP 2* trial, patients who had received at least 30 months of transfusion therapy and whose
TCD scan results were normalised were randomised to either continued-transfusion therapy or
halted-transfusion therapy.

A clinical alert issued in 1997 by the National Heart, Lung and Blood Institute (NHLBI) in the
USA® recommended that children with SCA and HbSp’ thalassaemia, with no previous history
of stroke, and who are between the ages of 2 and 16 years, should be screened using TCD
ultrasound to identify those with high cerebral blood velocity rates and who are at increased risk
of stroke. The NHLBI further advocates considering transfusion for children who have received
two sets of abnormal TCD ultrasonography results as a preventative measure for stroke.**

A second alert was issued in 2004.%* This recommended that, once started, blood transfusion
should be continued for at least 3 years to reduce the rate of strokes in children with SCD. The
American Heart Association Stroke Council and the Council on Cardiovascular Disease in
the Young have since advised that transfusion continues for at least 5 years or until the child is
18 years old.®

In 2009, the NHS Antenatal and Newborn Screening Programme produced UK guidelines on the
management of stroke in children with SCA and HbSP® thalassaemia.®® These guidelines (based
on a combination of a review of the literature and clinical expert opinion) state that children
and young adults with SCA and HbSp° thalassaemia should be offered annual TCD scans from
the age of 2 years until at least the age of 16 years. Children should be classified as either ‘high
risk; ‘conditional’ or ‘standard risk’ in line with the definitions used in the STOP?' trial. The NHS
Antenatal and Newborn Screening Programme guidelines further state that children with ‘high
risk’ or ‘conditional’ TCD scans should have them repeated within 2 months and the benefits

of receiving regular blood transfusion should be discussed with parents for those children
remaining at high risk owing to their TCD reading. ‘Standard risk’ children are reccommended
to receive TCD scans every 12 months. ‘High risk’ children are recommended to be rescanned
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within 1-4 months.*® Primary stroke prevention treatment following a second high velocity
reading is recommended to be transfusion continued throughout childhood.?* Guidelines
published by the Royal College of Physicians in the UK endorse annual TCD ultrasound
scanning of children with SCD from the age of 3 years.*

Reviews of the effectiveness of primary stroke
prevention strategies

A Cochrane review" of the clinical effectiveness of blood transfusion treatment for primary
stroke prevention in children and adults with SCD was published in 2009. A Cochrane review® of
the clinical effectiveness of stem cell transplantation was also published in 2009. Neither of these
reviews considered the use of TCD ultrasonography. Both reviews are summarised in Table 7.

The Hirst review* considered randomised and quasi-RCTs that compared blood transfusion as
prophylaxis for primary or secondary stroke in people with SCD with alternative prophylactic
treatment or with no treatment. Two RCTs (STOP?!' and STOP 2%) were identified and the
authors concluded that for children who received prophylactic blood transfusion for primary
stroke, the risk of stroke was significantly reduced but that following discontinuation of
transfusion the risk level reverts to the pre-transfusion level.

The Oringanje review* focused on haematopoietic stem cell transplantation and considered
randomised and quasi-RCTs that compared stem cell transplantation with (1) other methods of
stem cell transplantation or (2) any preventative or supportive interventions (such as periodic
blood transfusion, hydroxycarbamide, antibiotic drugs, pain relievers, supplemental oxygen) in
children (<16 years) with SCD. This review failed to identify any relevant trials for inclusion.

TABLE 7 Summary of review evidence

Review Focus of review Conclusion

Hirst To assess risks and benefits of chronic blood transfusion Significantly reduced risk of first stroke in children receiving
2009y regimens in people with SCD to prevent first stroke or recurrence  regular blood transfusions. Two RCTs available for inclusion
Oringanje  To determine whether or not stem cell transplantation can No relevant trials found for inclusion. Further research needed
(2009)%  improve survival and prevent symptoms associated with SCD. To

examine the risks of stem cell transplantation against potential
long-term gain for people with SCD

Aims and objectives of the current review

The purpose of the current review was to assess the clinical effectiveness and cost-effectiveness

of primary stroke prevention in children with SCD who are identified (by TCD) as being at high
risk of stroke. To this end, a systematic review and economic evaluation were conducted. The
objectives were to systematically examine the published evidence for primary stroke prevention
in children with SCD who were identified to be at high risk of stroke using TCD ultrasonography,
identify gaps in the current clinical and economics literature, and make recommendations for
future clinical research and practice.
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Chapter 3
Methods

Asystematic review and economic evaluation were conducted to assess the clinical
effectiveness of primary stroke prevention strategies for children with SCD who were
identified by TCD ultrasonography to be at high risk of primary stroke. The systematic review
was guided by the general principles recommended by the Centre for Reviews and Dissemination
(CRD) for undertaking reviews in health care.”

In order to ensure that adequate clinical input was obtained, an advisory panel comprised of
clinicians and experts in the field was established. The role of this panel was to comment on the
draft report and answer specific clinical questions as the review progressed. In addition, a lay
advisor was recruited to the panel to ensure that the review addressed patient issues.

Identification of evidence: clinical effectiveness

Search strategy
The search incorporated a number of strategies, combining index terms (for the disease) and free
text words for the technologies involved. The search strategies had no language restrictions and
did not include methodological filters that would limit results to a specific study design. Details
of the search strategies and the number of records retrieved for each search are provided in
Appendix 1. All references were exported to an EndNote version 5 (Thomson Reuters, CA, USA)
bibliographic database.

The following electronic databases were searched (YD) for relevant published literature for the
period 1950 to May 2011:

CDSR (Cochrane Database of Systematic Reviews)

CENTRAL (Cochrane Central Register of Controlled Trials)

DARE (Database of Abstracts of Reviews of Effects)

EMBASE

Health Technology Assessment database

ISI Web of Science Proceedings (Index to Scientific & Technical Proceedings)
IST Web of Science Citation Index Expanded (SCIE)

MEDLINE

NHS EED (NHS Economic Evaluation Database).

Given the specialised nature of this disease, searches of conferences were not carried out; clinical
advice suggested that the only published data would be found in the literature describing the
existing clinical trials.

Selection of evidence
The records identified by the electronic searches were assessed for inclusion in two stages. Two
reviewers (MGC and JG) independently scanned all titles and abstracts identified by the search
to ascertain which articles may be relevant to the clinical review. Full-text versions of all records
selected during the initial screening process were obtained to permit more detailed assessment.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Cherry 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.

15



16

These were then assessed independently by two reviewers (MGC and JG), using the inclusion
criteria shown in Table 8. The inclusion/exclusion assessment of each reviewer was recorded on
a pre-tested, standardised form. Disagreements were resolved by discussion and, if necessary,
another reviewer was consulted. A flow diagram summarising the selection and inclusion of
studies is provided in Appendix 2, Figure 13.

Data abstraction

Data extraction for the review of clinical effectiveness was carried out by two reviewers (MGC
and JG). Data were abstracted by one reviewer and then checked for accuracy by a second
reviewer. Data presented from multiple reports of single trials were extracted as a single record.

Quality assessment

Two reviewers (MGC and JG) independently evaluated the included studies for methodological
quality using criteria based on guidance published by CRD.¢” Any discrepancies in quality
grading were resolved through discussion.

Methods of data synthesis

Individual study data and quality assessment are summarised in structured tables and

as a narrative description. The primary treatment outcome relevant to this review was
incidence of stroke. The differences in patient groups between the included trials precluded a
statistical synthesis.

TABLE 8 Inclusion criteria

Population

Study design

Intervention

Setting
Comparator
Outcomes

Children

<16 years

With SCD

Identified, using TCD ultrasonography, as being at high risk of stroke
Clinical: RCT and systematic reviews?

Economic: Full economic evaluations — cost-effectiveness analysis, cost—benefit analysis, cost—utility analysis, cost-minimisation
analysis

Blood transfusion

Hydroxycarbamide

Bone marrow transplantation

Secondary care

No intervention (standard care) or with each other
Any one or more of the following outcomes:

= Stroke

= QOther major complications, e.g. prevalence and degree of disability from stroke, prevalence of iron overload, associated
morbidity

= Frequency and duration of hospitalisation
= Quality of life
= Major AE, e.g. alloimmunisation; infection with blood-borne pathogens; transfusion of wrong components

a Cohort (prospective and retrospective) data were considered in the absence of RCTs and systematic reviews.
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Identification of evidence: cost-effectiveness

Search strategy
A comprehensive review of the literature was undertaken to identify all published economic
evaluations of primary stroke prevention in children with SCD identified to be at high risk of
stroke by TCD ultrasonography using the main search strategy outlined above (see Identification
of evidence: clinical effectiveness, above).

Selection of evidence
During the clinical effectiveness screening, all papers that appeared to include economic data
were identified. Full-text copies of these papers were subsequently obtained and two reviewers
(MGC and JG) independently assessed them for inclusion, using the inclusion criteria described
in Table 8. Any disagreements regarding inclusion of economic studies were resolved by
discussion. No relevant economic evaluations were identified for inclusion in this review. A flow
diagram summarising the selection and inclusion of studies is provided in Appendix 2, Figure 14.
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Chapter 4

Assessment of clinical effectiveness

Results

Number of studies identified and included
A total of 1337 non-duplicate records were identified by the search strategy (see Appendix 1)
and subsequently screened for inclusion in the review. No trials were identified that evaluated
the efficacy of hydroxycarbamide or BMT as primary stroke prevention strategies. Two RCTs*"*
made comparisons between blood transfusion and standard care and were included in the review.
Data from these trials were published in peer-reviewed journals. A number of papers relating to
these two RCTs were also identified.

Quality assessment of included trials
The methodological quality of the included trials is summarised in Table 9, using the criteria
based on the guidance published by the CRD, which include key aspects of RCT design
and quality.5”

Overall, the methodological quality of the included trials was adequate. Both papers state that
participants were randomised to treatment and describe the method of randomisation used, but
neither trial reported whether, or how, allocation was concealed. The baseline characteristics

of patients were reported for both trials and comparability was considered to be partially
achieved in STOP*' and achieved in STOP 2.% Both trials fully reported their inclusion criteria.
In trials of this type, blinding of participants and administrators would be difficult or unethical;
however, the administrators of the TCD ultrasonography were blinded to treatment group and
the adjudication of suspected strokes was conducted by blinded assessment in both trials. An
intention-to-treat (ITT) analysis was reported in STOP* but not in STOP 2.% Both trials reported
outcomes for more than 80% of participants originally randomised and patient dropouts were
accounted for. There was no evidence that data for any of the outcomes stated at the outset were
not reported in the final analyses.

Trial characteristics
The key trial characteristics for the two included RCTs** are presented in Table 10. Both trials****
were multicentred and open label. The intervention in both trials*-** was blood transfusion
and the comparator was standard care. Standard care at the time of the trials was defined as no
blood transfusion for primary stroke prevention. Both arms also received penicillin prophylaxis,
pneumococcal vaccination, folic acid supplementation, surgery and treatment of acute illness,
including the use of transfusion when needed for transient episodes but excluding the use of
hydroxycarbamide or antisickling agents.

The purpose of STOP*' was to evaluate the use of blood transfusion to prevent a first stroke;
the purpose of STOP 2% was to determine whether or not the time on prophylactic transfusion
could be limited so that children did not receive blood transfusions continually until the age of
18 years. Patients in STOP?! had not previously received blood transfusions for primary stroke
prevention and all participants had at least two abnormal TCD readings prior to entering into
the trial. STOP 2% was an extension of STOP*' and a number of STOP* patients, whose TCD
readings had normalised after > 30 months of transfusion, participated in the trial. In addition
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Assessment of clinical effectiveness

TABLE 9 Methodological quality of included trials

Baseline

Withdrawals

Blinding

comparability

Randomisation

Outcomes

ITT

Reasons
stated

>80% in final
analysis

Imbalances/
dropouts

Procedure

assessed

Participants

Administration

Assessors

Co-interventions
identified

Eligibility criteria

specified

Achieved

Presented

No. treated

Allocation
concealment

Truly random

Checklist items

NA

NA
NA

NA

NA

NA
NA

v

XN

v

NS

v
v

STOP, Adams (1998)°'

NS

STOP 2, Adams (2005)®

NA, not applicable; NS, not stated.

a Baseline haemoglobin and haematocrit values were slightly lower in transfusion group.
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to STOP?! patients, other children who did not participate in STOP* but whose condition met
the criteria for eligibility (TCD normalised after > 30 months of transfusion) participated in
STOP 2. Thus, the patients in STOP 2* were all receiving regular blood transfusion for primary
stroke prevention and were required to have had at least two normal TCD readings prior to entry
into the trial. It is not clear how many patients in STOP* were included in STOP 2.** It is worth
noting that patients aged 2-16 years were eligible to participate in STOP,* whereas patients aged
5-20 years were eligible to participate in STOP 2.*> STOP*! was published in 1998 and STOP 2*
was published in 2005. Both STOP?' and STOP 2** were small in terms of participant numbers
(n=130 and n =79, respectively).

The primary outcome measure in STOP?' was stroke (cerebral infarction or intracerebral
haematoma/haemorrhage). Focal symptoms consistent with the occurrence of a cerebral
infarction or an intracerebral haemorrhage were required unless the presentation suggested
a diagnosis of subarachnoid haemorrhage. In the absence of supporting magnetic resonance
imaging (MRI) findings, clear and compelling clinical evidence of a stroke was required.
Transient symptoms were included if changes consistent with the occurrence of stroke were
evident on MRI.

The primary outcome measure in STOP 2% was a composite of stroke (cerebral infarction or
intracranial haemorrhage) and/or reversion to an abnormal TCD velocity. Stroke was defined
as persistent neurological abnormalities or transient symptoms accompanied by a new cerebral
lesion appropriate to the patients’ clinical presentations. Suspected strokes were adjudicated by
experts who were blinded as to treatment assignment. Abnormal velocity on TCD scans was
defined as two consecutive studies with abnormal velocities, three consecutive scans with an
average velocity of =200 cm/second or three consecutive inadequate studies plus evidence of
severe stenosis on magnetic resonance angiography (MRA).

Both STOP*' and STOP 2% were halted prematurely according to a priori criteria; STOP*! was
halted due to increased rate of stroke in the non-treatment arm and STOP 2% owing to increased
rate of stroke and/or reversion to abnormal TCD scan results following discontinuation of blood
transfusion. The mean duration of follow-up was 19.6 months for STOP.*' The mean duration of
follow-up for STOP 2% was not reported.

Participant characteristics
The key characteristics of the patients in STOP?' and STOP 2% are described in Table 11. In
STOP?! the majority of the baseline patient characteristics appear to be well balanced between
the two arms of the trial. In the published paper?® it is noted that baseline haemoglobin and
haematocrit levels were slightly lower in the transfusion arm. Approximately half of the patients
were male, with a mean age of 8.2 years (transfusion) and 8.4 years (standard care).

In STOP 2% the majority of the baseline patient characteristics appear to be well balanced
between the two arms of the trial, except that there was a greater percentage of male participants
in the continued-transfusion arm (53% vs 32%). No significant differences between the two arms
of the trial with regard to any of the baseline patient characteristics were noted in the published
paper.”® The mean age of the patients was 12.5 years (transfusion) and 12 years (standard care).

It is clear from Table 11 that there are differences between the two trials. The differences in many
of the variables are largely explained by the different trial selection criteria; STOP 2% is a partial
follow-on from STOP* and consists of patients with a history of regular blood transfusion
(=30 months) prior to their entry into the trial, and who have no significant cardiovascular
disease on MRA. As a result, patients in STOP 2* are older; owing to their history of transfusion,
they have greater mean haemoglobin and haematocrit levels, lower mean HbS and fetal
haemoglobin levels, and vastly higher levels of serum ferritin than the patients in STOP.*!
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TABLE 10 Trial characteristics

Trial name Intervention and Follow-up Trial
and design comparator Outcomes Inclusion criteria Exclusion criteria (months) support
STOP Blood transfusion (n=63) Primary. = Diagnosis of = History of stroke Mean (SD): NHLBI
Adams To reach target HbS Incidence of SCA or HbSB° = Indication/ 196 (6.9)
(1998)%' concentration of <30% of  cerebral infarction thalassaemia contraindication Trial halted
Parallel. total haemoglobin within and intracranial =916 vear to long-term after
open label, 21 days without exceeding  haemorrhage =cloyears blood transfusion 14 months
multicentred,  haemoglobin concentration = Informed consent W Current of planned
_ of 12g/dl and haematocrit 30 months
0=t OA ot agmg = >2abnormal pregnency due to 92%
TCD = Concomitant reduction
Once HbS >30%, treatment
transfusion every ultrasonography affecting risk of pf gtroke .
3—4 weeks [mean interval readings (time stroke |nC|dencg in
of 25 (SD = 8) days] averaged . y transfusion
, = Previous positive  group
Transfusion type at mean blood HIV test
discretion of investigator flow velocity « Elevated
Standard care (n=67) <200cm/ serum ferritin
(penicillin prophylaxis, second) concentration
pneumococcal vaccination, <500 ng/mm
folic acid supplementation,
surgery and treatment of
acute illness, including
transfusion when needed
for transient episodes
but excluding the use
of hydroxycarbamide or
antisickling agents)
STOP 2 Continued blood Primary. = Diagnosis of = History of stroke Not reported NHLBI
Adams transfusion (n=38) Composite of SCA or HbSp° = Indication/ Trial
(2005)% Transfusion type at incidence of stroke thalassaemia contraindication terminated
Parallel, investigator discretion (cerebral infarction 500 years to long-term 2 years early
open label, Chelation therapy or intracranial = y blood transfusion  owing to
multicentred,  with deferoxamine haemorrhage)/ = Adequate = Moderate- number of
(=23),USA  recommended for serum ~~ 'Eversion to participation to-severe strokes in
and Canada, levels of >2500ng/ml abnormal TCD in transfusion intracranial transfusion-
N=79 Transfusion halted (n=41) velocity programme g:e&;l/fmease hated arm

Patients could receive
transfusions to treat SCD
complications

Informed consent

>2 normal TCD
measured at
least 2 weeks
apart and within
4 months before
randomisation

SD, standard deviation.
a Ten patients dropped out of this group.
b Two patients crossed over to transfusion group.

Results
Number of and type of transfusion
In STOP the 63 patients in the transfusion group received a total of 1521 transfusions. Of these,
63% were simple transfusions, 12% were exchange transfusions, and 25% were a combination of
simple and exchange transfusions. The mean interval between transfusions was 25 days [standard
deviation (SD)=8]. The 143 episodes in which the target level of HbS of <30% was exceeded
were ‘usually isolated and minor’ Ten patients dropped out of the transfusion group - four
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STOP, Adams (1998)* STOP 2, Adams (2005)*
Blood transfusion Standard care Blood continued- Blood transfusion-halted

Parameter group (n=63) group (n=67) transfusion group (n=238) group (n=41)

Type of anaemia SCA/HLSP? thalassaemia SCA/HbSP? thalassaemia

Gender (male), % 49 43 53 32

Mean age (SD), years 8.2 (3.5) 8.4(3.2) 12.5(3.3) 12.0 (3.1)

Mean haemoglobin (SD), g/d! 7.2(0.8) 7.6(0.7) 9.3(0.9 9.8 (1.2)

Mean haematocrit (SD), % 20.4 (2.4 21.7(2.1) 28.1(2.7) 929.3 (3.5)

Mean white-cell count (SD), 12.5@3.7) 12.2 (3.4) 11.54.1) 911.7 (3.4)

x 10%/mm?

Mean platelet count (SD), °388 (115) °402 (87) °380 (103) ¢381 (112)

x103/mm®

Mean HbS (SD), % 487 (10) 87 (7) 21.0 (8.6) 19 (11)

Mean fetal haemoglobin (SD), % 8.0 (5.2) 9.4 (5.0 2.4(1.8) 2.3(1.5)

Mean serum ferritin (SD), ng/ml 4164 (155) 142 (101) 3274 (1718) 3005 (1504)

Systolic blood pressure (SD), 3106 (9) 109 (11) 113 (12) 109 (12)

mmHg

Diastolic blood pressure (SD), 355 (10) 56 (10) 62 (8) 59 (9)

mmHg

“Mean blood velocity (SD), 223 (27) 223 (28) Qualifying velocity 215 (11) Qualifying velocity 215 (15)

cm/second Median 214 Median 212 Median (range) 213 Median (range) 211
(205-221) (205-221)
9L ast two TCD before Last two TCD before
randomisation 139 (16) randomisation 143 (18)
Median (range) Median (range)
140 (128-152) 149 (133-156)

Mean no. of patients with lesions 19 (31) 25 (38) 10 (26) 11(27)

on initial MRI (SD), %

SD, standard deviation.

a Data were missing from one patient in the transfusion group.
b Data were missing from one patient in each group.
¢ Data were missing on one patient in each group. In addition, one patient in the standard-care group, who had left frontal haemorrhage at

baseline, was excluded.

d Two patients in the transfusion-halted group were excluded: one because no baseline laboratory values were available and the other because
the blood sample was too old to be processed.
e Four patients were excluded: one from the continued-transfusion group because the blood sample was clotted and could not be processed,
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and three from the transfusion-halted group (one because no baseline blood sample was available, one because the blood sample was too old
to be processed, and one because the blood sample was clotted).

f Baseline laboratory values were not available for one patient in the transfusion-halted group.

g The value is the average of two qualifying TCDs performed before transfusion that showed abnormal velocities or one TCD if the velocity was
>220cm/second (for new patients entering the STOP 2% trial).

due to compliance issues, one due to multiple antibodies, one due to ineligibility and four for
unspecified reasons. Two patients crossed over to the transfusion group.

In STOP 2, the 38 patients in the transfusion group received 1070 transfusions. Of these,

19 patients received transfusion without phlebotomy, four received manual exchanges and seven
received automated erythrocytapheresis (a method for administering exchange transfusion);
eight patients received transfusion by two or more methods. Measures of HbS were reported as
76% meeting the stated target level of <30%, 19% were above the target level but <40%, and 5%
were >40%. Five patients discontinued participation in the transfusion group. Chelation therapy
was received by 93% of patients in the transfusion arm and 76% in the transfusion-halted arm.
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Assessment of clinical effectiveness

Primary outcomes

The primary outcome of STOP?! was stroke (cerebral infarction or intracranial haemorrhage).
Table 12 shows that in STOP* one patient in the transfusion group had a stroke compared with
11 patients in the standard care group (p <0.001). This equates to a 92% lower risk of stroke for
patients in the transfusion group.

In STOP 2, the primary composite end point was stroke (cerebral infarction or intracranial
haemorrhage) or reversion to abnormal velocity on TCD scans. In Table 12, 16 patients in the
transfusion-halted group experienced an event, whereas there were no events in the continued-
transfusion group (p <0.001). In the transfusion-halted group, two of the patients had a stroke,
whereas 14 other patients reverted to abnormal velocities measured by TCD scan.

Quality of life

Quality-of-life outcomes were neither collected nor reported on in either STOP?! or STOP 2.

Adverse events relating to transfusion
In the STOP trial,*! 10 patients in the transfusion group developed alloimmunisation to red blood
cells. There were 16 mild reactions in 12 patients to blood products.

In the STOP 2 trial,* one new patient (continued-transfusion arm) was identified with
alloimmunisation. Nine transfusion reactions in seven patients were noted. One of these was
serious enough to require hospitalisation. Chelation therapy was received by 93% (1 =35) of
patients in the continued-transfusion arm and 76% (n=31) in the transfusion-halted arm.

Degree of disability from stroke
It is reported in the STOP?! trial that the 11 patients with cerebral infarction presented with
hemiparesis (six left-sided, five right-sided) but weakness had resolved by the time of the
neurological examination. All infarctions were in the carotid circulation and the MRI scan
showed new or larger lesions in the affected hemisphere in all but one patient. Of the 11 patients,
10 were hospitalised; at the time of discharge from hospital, two patients were rated as having
major disability, five had moderate disability, two had symptoms but no disability, and one
was asymptomatic.

TABLE 12 Primary outcomes of STOP®' and STOP 2% trials

STOR, Adams (1998)'

Transfusion Standard care p-value
Primary end point
No. of strokes 1 (cerebral infarction) 11 (10 cerebral infarction, one <0.001

intracerebral haematoma) Risk of stroke is 92% lower in
transfusion group

STOP 2, Adams (2005)°

Continued transfusion Transfusion halted p-value
Primary end point
No. of strokes or reversion to 0 16 <0.001

abnormal TCD
No. of strokes
Reversion to abnormal TCD 0 14
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In the STOP 2* trial, one of the two patients who had a stroke presented with a right hemisphere
infarction. No further details of strokes are reported for this trial.

Non-randomised studies identified
Seven non-randomised studies**-*> -0 were identified. The majority were retrospective
cohort studies. Of these seven studies,*"**-*>%-70 data were able to be extracted from only one®®
(Table 13). The remainder considered children with high, conditional and low TCD velocities and
did not separately report stroke rates or other data for only the high-risk children. The single-arm
study described in Table 13 was based in France (patients treated with transfusion) and included
17 patients aged between 2 and 16 years. The mean length of follow-up was 32.4 months. None of
the 17 patients suffered a stroke while receiving blood transfusion.

Clinical discussion

The purpose of this clinical review was to evaluate the clinical effectiveness of primary stroke
prevention treatments for children with SCD identified by TCD to be at high risk of stroke. The
review considered the effectiveness of blood transfusion, hydroxycarbamide and BMT compared
with standard care. Two relevant RCTs - STOP?! and STOP 2% - were identified for inclusion in
the review; STOP*' compared blood transfusion with standard care, whereas STOP 2% compared
continued blood transfusion with halted blood transfusion in previously transfused patients.

The STOP?! and STOP 2% trials both utilised stroke (and, in the case of STOP 2,* reversion to
abnormal TCD velocity) as their primary end point; however, we considered that the patient
populations of these two trials were too different to synthesise their data using a standard meta-
analytic approach. Patients in STOP 2* had all previously received blood transfusion for primary
stroke prevention, whereas patients in STOP*! had not.

TABLE 13 Characteristics of non-randomised studies

Follow-up,
Study name Intervention and Exclusion  months:
and design dose (n) Outcomes Inclusion criteria criteria mean (SD)  AE Results
Mirre (2010)%®  Blood transfusion ~ Primary: = Diagnosis of = NR 32.4(20.4)  Hepatitis B0/17;  Stroke
Retrospective ~ (1=17) = Success/failure SCA or HbSp" Hepatitis C 0/17;  0/17
cohort study, To reach in preventing thalassaemia bone marrow .
single centred,  target HbS stroke . =216 years od Fransplar:jt Tz(é:) 7
= ' 22— ncrease
e, =11 Coggoe/ntr? ttlotn IOf Secondary: <2 abnormal TCD Lelocity 21T,
of total < ;

rTaem(:globin = Assess clinical/ ultrasonography chelation NR;

without haematological/ readings (time alloimmunisation

exceeding neuroimaging averaged mean NR

haemoglobin changes and blood velocity

concentration of ?(())lm'i'ﬁgt'ons <200 cm/second)

12g/dl

g chronic
Once HbS transfusion
>30%,

transfusion every
4 weeks

Transfusion type
at discretion of
investigator

NR, not reported.
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Assessment of clinical effectiveness

The results of STOP* demonstrated a statistically significant difference in the number of strokes
between the transfusion and standard-care arms (1 vs 11; p <0.001). The trial was halted early
due to the higher number of stroke events in the standard-care group compared with the blood
transfusion group.

The results of STOP 2% demonstrated a statistically significant difference in the number of end
point events (stroke or reversion to abnormal TCD velocity) between the two arms of the trial;
no events occurred in the continued-transfusion arm compared with 16 patients in the halted-
transfusion arm (p <0.001). Two of the events were strokes; the remainder were reversions to
abnormal TCD velocities. The STOP 2* trial was also closed early owing to the higher number of
events in the halted-transfusion group compared with the continued-transfusion group.

The STOP?"* trials were (relatively) small trials in terms of patient numbers. Both trials were
terminated early due to the number of events that occurred in the comparator groups. Early
closure is of concern given the findings of a recent meta-analysis” that compared the results of
91 trials that were closed prematurely for benefit, with 424 similar trials that ran to full term. The
authors reported large differences in treatment effect size between trials that were stopped early
and similar trials that ran their full course. This was true regardless of the methodological quality
of the trial or the presence of statistical stopping rules. One implication of this finding is that
early closure of trials can lead to exaggerated treatment effects that would not be borne out in

the longer term. Although it would clearly be unethical to have continued the STOP trials®*"* it is
unclear what the full-term outcomes might have been.

In Chapter 2 (see Current guidelines for stroke prevention) it was reported that clinical guidelines
in the UK® and the USA® for the management of children with SCD are based on the results
of the STOP trials,** i.e. children with SCD aged =2 years should receive annual TCD scans.
Children who are identified as being at high risk of stroke (those with abnormal scan results)
should be considered for prophylactic blood transfusions that will continue throughout their
childhood. Studies of patient cohorts in the UK,* the USA* and France® attest to the benefits
of implementing the STOP* protocol in clinical practice in terms of reduced rates of stroke per
patient-year.

Following the publication of the seminal STOP*"* trials, which clearly show the benefit of
initiating and continuing chronic transfusion therapy in children with high TCD velocities, a
number of key issues remain unresolved. Treatment with monthly blood transfusion carries a
number of serious risks (such as iron overload, alloimmunisation, unknown future infection) and
disbenefits (such as iron chelation treatment, regular hospital visits for transfusions), and yet it
is not known for how long prophylactic blood transfusion should continue. At present, although
guidelines recommend that blood transfusion be continued until the age of 18 years, most
children are transfused at least until they are 16 years old, and approximately 75% of transfused
children receive blood transfusion for life. This means that a number of children or adults may
be receiving treatment beyond the time of its benefit. An estimated 60% of patients who have
TCD scans that show abnormal velocities do not go on to have a stroke.* This means that a
considerable proportion of patients will receive treatment that carries a number of serious risks
but for no benefit. There is currently no means of predicting which children will go on to have

a stroke.

Iron overload is a significant side effect of treatment with regular blood transfusion. It was
noted in Chapter 2 (see Regular blood transfusion) that the majority of data with respect to iron
overload are derived from patients with thalassaemia major. The pattern of iron overload in
patients with SCD is poorly understood. This is an important area for future research. Data on
compliance with older iron chelation therapy*’* suggest that adherence to treatment is generally
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poor but may be improved by the use of newer oral chelation methods.*** More recording of data
that reflect the use of oral deferasirox is needed to enable the benefits of improved adherence to
chelation treatment to be fully understood.

The effects of long-term blood transfusion on mortality rates are also unknown. The Mazumdar™
model discussed in Chapter 2 (see Regular blood transfusion) suggests that chronic transfusion,
although decreasing stroke risk, may also impact negatively on mortality. This assumption has
been criticised* and the counter-argument proposed - that one would expect chronic transfusion
to ameliorate the progression of chronic complications of SCD seen in adulthood and improve
life expectancy. There are, as yet, no data to support any claims regarding mortality benefits

or disbenefits.

The authors of this review experienced considerable difficulty in obtaining UK data regarding

the numbers of children affected by SCD, their treatments and outcomes. A National
Haemoglobinopathy Register (sponsored by the Department of Health) has recently been set up
in order to obtain data on the prevalence of SCD across the country, and the frequency of specific
treatment interventions and of specific severe complications, including mortality. In addition,

the West Midland Quality Review Service very recently published an overview of services across
the UK for children with haemoglobin disorders.” It is likely that the registry and overview will,
in time, prove to be of great value in future treatment planning for patients with SCD, providing
that funding continues.

No data were identified which considered the efficacy of hydroxycarbamide for primary stroke
prevention. The recently completed BABY HUG RCT>® compared hydroxycarbamide with
placebo in reducing organ dysfunction and clinical complications in children with SCD, aged
between 9 and 18 months. The average increase in TCD velocity was found to be ‘significantly
less’ when receiving hydroxycarbamide compared with placebo. These findings may impact on
the future treatment of children with SCD by reducing TCD velocity prior to the recommended
initial TCD scan at the age of 2 years.

The findings of this review suggest that TCD ultrasonography is an effective method of
identifying children with SCD who may be at high risk of stroke. However, it is important to
note that, historically, not all children in the UK have been within geographically easy access

to a TCD screening centre’ and therefore some potentially high-risk children may not have
received recommended care. Implementation of the NHS Sickle Cell and Thalassaemia Screening
Programme” has partially addressed this issue but further work is needed in this area to ensure
greater access. It is recommended that scanning using TCD for all children with SCD should be
made routinely available at hospitals across the country to ensure that all infants have easy access
to a testing centre.
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Chapter 5

Assessment of cost-effectiveness

Introduction

This section explores the published literature on the costs and benefits of blood transfusion
therapy for the primary prevention of stroke in children with SCD who are identified by TCD
screening as being at high risk of stroke. In addition, this section presents the results of a de novo
economic model that was developed to assess the cost-effectiveness of TCD ultrasonography plus
blood transfusions when high risk of stroke is identified, compared with TCD ultrasonography
only in this patient population.

Systematic review of existing cost-effectiveness evidence

Full details of the search strategy conducted by the assessment group and the methods used
for identifying economic evidence are presented in Chapter 3 (see Identification of evidence:
clinical effectiveness) of this report. No relevant economic evaluations were identified via the
review process.

Introduction and scope

In addition to the assessment of the clinical effectiveness of primary stroke prevention in children
with SCD, a cost-effectiveness analysis was carried out. The objective of the cost-effectiveness
analysis was to estimate the efficiency of providing blood transfusion following abnormal TCD
scans for children with SCD.

Patients with SCD face an increased risk of stroke. The STOP trial*' has demonstrated that blood
transfusions significantly reduce the risk of primary stroke in children with SCD identified to

be at high risk of stroke using TCD ultrasonography (see Chapter 4, Trial characteristics). Key
benefits of blood transfusion are therefore the avoided cost and disutilities associated with stroke.
It is important, however, that the economic analysis also considers the dynamics associated with
the incidence and severity of stroke in this patient population.

Clinical effect studies may underestimate the impact of blood transfusion on stroke, as they are
often limited in their follow-up period. Furthermore, patients who have incurred one stroke
have an increased likelihood of suffering a second or a third stroke.” Thus, even if the impact of
blood transfusion on the incidence of first strokes is captured by an effect study, the limited time
periods considered may mean that impact on second and third strokes is missed. It is, therefore,
important that the cost-effectiveness analysis considers benefits beyond the time frames covered
by effect studies.

Strokes can have varying impacts on health outcomes. Tengs et al.”” categorise the impact of
surviving a stroke on patients’ health into three levels, with important implications for costs and
utility. These are summarised in Table 14. However, this varied impact on QoL of childhood
stroke is often not considered in effect studies, which instead focus on numbers of strokes
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30 Assessment of cost-effectiveness

averted. The analysis should not just consider the impact of blood transfusion on the incidence of
stroke but also its impact on the severity of stroke and implications for costs and QoL.

TABLE 14 Impact of stroke on health state

Post-stroke
health state

Characteristics

Mild
Moderate
Severe

Patients experience minor or temporary disability (no organ failure but treatment required post stroke to recuperate)
Patients experience some health complications, and possibly organ damage
Patients experience major complications, organ failure, and require long-term care

Another benefit of blood transfusion that should be captured by the cost-effectiveness analysis

is its positive impact on other health outcomes associated with SCD, including the reduced
incidence of pain crises and acute chest syndrome, as blood transfusions reduce the likelihood of
patients with SCD experiencing these health problems.

Against these benefits the extra cost of blood transfusion must be offset, as well as the cost and
disutility associated with the many AEs associated with blood transfusion. As discussed in
Chapter 2 (see Regular blood transfusion), there are several risks and AEs associated with blood
transfusion, including iron overload and alloimmunisation.

Key characteristics

The key characteristics of the cost-effectiveness analysis are shown in Table 15.

TABLE 15 Characteristics of cost-effectiveness analysis

Intervention
Comparator
Population
Time frame
Effects

Costs

Analysis
outputs

TCD scans followed by blood transfusion where the scan revealed a blood velocity of > 200 cm/second

TCD scans only

Children aged 2 years of age diagnosed with SCD (specifically HbSS and HbSp®) with no prior history of stroke
Individuals aged from 2 years to death (estimated to be approximately 82 years)

Incidence of stroke

Severity of stroke

Incidence of complications post stroke and impact of stroke (such as disabilities associated with stroke, intellectual and cognitive
deficits and need for long-term care or specialist education)

Incidence of other complications associated with SCD and blood transfusions, such as iron overload, alloimmunisation, pain crises
and acute chest syndrome

QoL impact of the above effects
NHS cost increases associated with blood transfusion and accompanying treatments, such as chelation therapy

NHS cost savings associated with reduced incidence and severity of stroke and associated disabilities, treatments for pain crises
and acute chest syndrome and complications from blood transfusion

Cost per incremental quality-adjusted life-year (cost per QALY) gained; CPSA; new costs savings; and a balance sheet of costs and
effects

CPSA, cost per stroke avoided; QALY, quality-adjusted life-year.

The model includes a starting population of 2-year-old children with SCD who have not
experienced a stroke. The model is built in such a way that a hypothetical cohort of 1000
children is run for two scenarios: those receiving the blood transfusion intervention and

those not receiving the intervention when their blood velocity on TCD ultrasonography is

>200 cm/second. Starting at the age of 2 years, in each scenario all 1000 patients are modelled for
their lifetime, through both pre- and post-stroke states.



DOI: 10.3310/hta16430 Health Technology Assessment 2012; Vol. 16: No. 43

On entering the model, children’s blood flow velocity is measured using TCD ultrasonography.
Patients are then screened yearly with TCD ultrasonography within the model in order to
reflect the changing probability of developing an abnormal TCD velocity in childhood (as not
all children develop abnormal TCD velocities at the age of 2 years). The model reflects real-life
practice and the costs and benefits associated with this group of children as a whole (those with
normal and abnormal TCD scans) are captured in the analysis.

In both arms of the model children receive TCD scans, in line with UK clinical guidelines for
current best practice.®® However, children who are identified to be at high risk of stroke after
TCD ultrasonography receive chronic blood transfusion for primary stroke prevention in the
intervention arm of the model only. Children in the non-intervention arm all receive TCD scans
(reflecting current clinical practice) but do not receive blood transfusion for primary stroke
prevention. Including the costs of scanning in the non-intervention arm may overestimate the
costs in this group but it is important to note that the cost of a TCD scan is relatively small in
relation to the overall cost of blood transfusion, stroke treatment and treatment of AEs, and is
thus unlikely to influence the result of the analysis. This economic evaluation does not consider
the added costs associated with implementing and running a TCD screening programme for
children with SCD, as it is assumed that most centres across the UK already provide TCD
ultrasonography to children with SCD. The cost-effectiveness analysis was undertaken in line
with the National Institute for Health and Clinical Excellence (NICE) guidelines.” The analysis
focuses on the health-care system costs and QoL impact of blood transfusions over the lifetime of
the patients modelled.

Method

Data collection
The parameters and sources used in the model are summarised in Appendix 4. Given the
multiplicity of data required to populate the model, a range of approaches were used to identify
parameter estimates.

First, a systematic review was undertaken to identify parameter estimates reported in the existing
literature. Details of the search strategy can be found in Chapter 3 (see Identification of evidence:
cost-effectiveness). However, as described in Chapter 3 (see Identification of evidence: clinical
effectiveness and Identification of evidence: cost-effectiveness), the clinical data available were
limited and no relevant published economic evaluations were identified. Specifically, a paucity

of relevant data were found for utility weights associated with paediatric SCD and stroke, cost of
paediatric stroke care in the UK, probability of patients’ health state improvement post stroke,
and frequency of SCD complications, such as pain crises and acute chest syndrome.

Second, the gaps in the evidence were filled using clinical expert opinion. This opinion was
collected by means of electronic questionnaires and telephone interviews. A questionnaire was
developed and sent to clinicians. A template of the questionnaire can be found in Appendix 5.
From the 17 clinicians who were contacted, four questionnaire responses were received. The
responses from clinicians were incorporated into the economic model by taking the average value
of responses across the questionnaires. These responses are summarised in Appendix 6, Table 51.

A separate set of questions regarding utility weights for SCD health states was developed for
use in a telephone interview. Of the five clinicians contacted for a telephone interview, two
experts agreed to participate and provide data. The telephone interview was not formally
structured and focused on the discussion of stroke management, stroke outcomes and QoL.
Topics included interventions performed by clinicians to manage patients in mild, moderate
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Assessment of cost-effectiveness

and severe post-stroke states (see data in Appendix 4, Table 46). The probability of ending up in
the different post-stroke states following a first, second or third stroke was estimated. Further
details are presented in Appendix 4, Table 41. Discussion of patients’ QoL focused on the impact
of blood transfusion, pain crises and stroke. Review of relevant published literature did not
provide sufficient information to calculate the utility weights required for economic evaluation.
Finally, calibration was performed on the death rates used in the model to ensure the model’s
predicted death rates fitted with those from validated sources.'*** The death rates were adjusted
while ensuring that death rates were kept within the bounds of the ranges specified by experts in
the surveys and interviews conducted by the assessment group, clinical experts in their responses
to the surveys and interviews developed by the Liverpool Reviews and Implementation Group
(LRiG) and relativities between other transition probabilities were maintained. Once death rates
were updated, alternative routes through the model were also updated. These updates were made
to ensure that the ratio between the original transition probabilities did not change.

Additionally, calibration was used to adjust rates of transition between second and third post-
stroke health states in order to obtain survival estimates predicted by the published literature.'®

Model structure
Following best practice, a Markov structure was adopted to represent the progression of patients
with SCD and stroke.*>” Markov structures are used when the probability of an event occurring
changes over time, when the timing of events is important and when important events may
happen more than once, as is the case with changes in blood velocity and stroke. The ability of
Markov models to represent such repetitive events and the time dependence of both costs and
utilities allows for more accurate representation of cost-effectiveness when modelling conditions
that evolve over time or occur at various points in time.*

A Markov model was built and run separately for two scenarios: scenario 1 (intervention),

in a population of 1000 2-year-olds, children whose blood velocity measured by TCD
ultrasonography is > 200 cm/second are treated with blood transfusions and children whose
blood velocity is <200 cm/second are not treated, and scenario 2 (comparator), in a population
of 1000 2-year-olds, children whose blood velocity measured by TCD ultrasonography is

>200 cm/second or <200 cm/second are not treated.

The difference between the costs, incidence of health outcomes and QoL outcomes between

these two scenarios was used to estimate the incremental costs and effects of blood transfusions.
A description of the Markov structure used to model the costs and effects of blood transfusion
(intervention arm) is presented in Figure 1. In each scenario the model was run for the lifetime of
a hypothetical cohort of 1000 children aged 2 years who have SCD but have no history of stroke.
In each instance — with and without blood transfusion - the starting cohort has the same blood
transfusion profile. The only difference between the scenarios is the probability of receiving blood
transfusion pre-stroke when blood velocity is >200 cm/second.

Figures 1 and 2 show that the model has been divided into two distinct components:

1. Pre-stroke component, which simulates the change in blood velocity and receipt of blood
transfusion prior to having a stroke. As the cohort of interest is children aged 2 years with
SCD, who have not yet experienced a stroke, all participants start in this part of the model.

2. Post-stroke component, which simulates the transition of patients with SCD who experience
a stroke between post-stroke health states - i.e. mild post-stroke health state, moderate post-
stroke health state, severe post-stroke health state and death. Once patients have a stroke,
they move from the pre-stroke part to the post-stroke part of the model.
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FIGURE 1 Markov model used to estimate the efficiency of blood transfusion for patients with SCD: pre-stroke
(intervention arm only).

Pre-stroke component of the Markov model
This section provides an overview of the pre-stroke component of the model. Details on the data
used to specify transition probabilities, costs, and utilities are available in Appendix 4.

The pre-stroke part of the model comprises four different health states, which are shown in
Table 16.

The population — 1000 patients aged 2 years, diagnosed with SCD - all start in this part of the
model as none of the children has suffered a stroke. At the start of the model, 89.3% of patients
are in the ‘no transfusion <200 cm/second’ health state and 10.7% are in the ‘no transfusion
>200cm/second’ health state. The population is distributed in this way for both the intervention
and non-intervention scenarios.” Between the ages of 2 and 18 years, patients can move to the
>200 cm/second state, based on TCD scan result. In the intervention cohort, the population
starting in the ‘no transfusion <200 cm/second’ state can either stay in this state or move to

‘no transfusion >200 cm/second’ if their blood velocity increases. They do not immediately
receive blood transfusion, as a second TCD scan confirming a velocity of >200 cm/second

is required prior to starting blood transfusion (D Rees, 2011, personal communication). The
population starting in the ‘no transfusion >200 cm/second’ state will move into the ‘transfusion
>200 cm/second’ state in the second cycle of the model. Patients can die as a result of either
general mortality or non-stroke-related SCD mortality. Table 17 outlines the transition
probabilities used to model these dynamics.

It is evident from Table 17 that the number of patients with SCD with high TCD scores in the
model increases gradually. That is, the majority of patients (99.8%) who start a cycle with a blood
velocity of <200 cm/second end the cycle with a blood velocity of <200 cm/second (A Streetly
and D Rees, 2011, personal communication). These parameters are based on D Rees’ estimation
that between the ages of 2 and 18 years approximately 15% of the starting cohort would have a
TCD scan of >200 cm/second and receive transfusions. Transition probabilities were calibrated
to reflect this. Assuming the transition probabilities were constant between the ages of 2 and

18 years, the calibration was performed by adjusting the probability of moving from a blood
velocity of <200 cm/second to a blood velocity of >200 cm/second until 15% of the alive cohort
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FIGURE 2 Markov model used to estimate the efficiency of blood transfusion for patients with SCD: post stroke

(intervention arm only).

was in the >200 cm/second group at the age of 18 years. Given the uncertainty in these estimates,
these transition probabilities have been extensively tested through sensitivity analysis (see

Appendix 8).

Table 17 also demonstrates that the death rate doubles when a child moves from having
a blood velocity of <200 cm/second to having a blood velocity of >200 cm/second (from
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TABLE 16 Health states included in the model

Health state Description

No transfusion, TCD scan The population in this state has normal blood velocity and therefore does not require blood transfusions
<200cm/second

No transfusion, TCD scan The population in this state has a high blood velocity but is not receiving blood transfusions. This reflects the small
>200cm/second proportion of children in clinical practice who require a confirmatory scan before commencing blood transfusion
Transfusion, TCD scan The population in this state has a high blood velocity, and is receiving blood transfusions. In this state the patient will
>200cm/second also receive treatment for blood transfusion-related health outcomes, such as chelation therapy for iron overload
Death The population in this state has died

TABLE 17 Pre-stroke Markov transition probabilities per 3-month cycle (age 2-18 years)

End of cycle
Source
No transfusion, TCD No transfusion, TCD Transfusion, TCD Death  for death
Health state scan <200 cm/second scan>200cm/second  scan>200cm/second rate rates
Start of  No transfusion, TCD 0.998 0.001 N/A 0.001  DRees
cycle scan <200 cm/second
No transfusion, TCD N/A N/A 0.998 0.002  Karnon
scan >200 cm/second 20008
Transfusion, TCD N/A N/A 0.999 0.001  DRees
scan >200 cm/second
Death N/A N/A N/A 1.000

N/A, transition probability not valid — i.e. zero.

0.1% per 3-month cycle to 0.2% per 3-month cycle) without receiving blood transfusion.
If blood transfusions are administered, the death rate among those with a blood velocity of
>200 cm/second is reduced back to that of those with a blood velocity of <200 cm/second.

Children whose blood velocity increases to a level of >200 cm/second remain in this state until
the age of 18 years. The assumption was based on clinical opinion stating that, in current UK
clinical practice, most patients with SCD who receive transfusions will remain on transfusion
until they are adults (D Rees, 2011, personal communication). Appendix 3 contains the full
list of assumptions used in the model. Currently, clinical guidelines do not state for how many
years patients should stay on transfusion® but recommend transfusion until at least 16 years

in the UK® and 18 years in the USA.* The pre-stroke Markov submodel is run until the age of
18 years. At that point, 75% of those on blood transfusion at 18 years are assumed to continue
on blood transfusion for the remainder of their lifetime, and the remainder of the population
do not continue on blood transfusion. It is assumed that once the population moves to either
the ‘no transfusion’ or ‘transfusion” health state at 18 years old, they remain in that health state
until death.

In the comparator arm, in which blood transfusion is not available, the Markov model is the
same, except that the probability of moving to ‘transfusion >200 cm/second’ is considered to be
zero. Therefore, in this scenario there are effectively three health states: (1) ‘no transfusion, TCD
scan <200 cm/second’; (2) ‘no transfusion, TCD scan >200 cm/second’; and (3) death.

A 3-month cycle length was used to capture changes in all events. The cycle length was selected
in order to reflect the dynamics of SCD. Several key events occur within short time frames, such
as blood transfusions (every 4 weeks).

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Cherry 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.



36 Assessment of cost-effectiveness

Utilities

Each of the states listed above is associated with different costs and utilities. Utility values are
estimated by specifying the maximum utility associated with SCD and then adjusting for the
disutility of different treatments and health states that may be experienced by patients with SCD,
such as blood transfusion or chelation therapy.

Table 18 summarises the maximum utility value associated with a patient with SCD. The
adjustments associated with, for example, chelation therapy are provided in subsequent tables.

TABLE 18 Maximum utility values associated with pre-stroke states per 3-month cycle

Age (years)
State 2-7 8-18 19-30 31+
Pre-stroke off transfusion (blood velocity of <200 cm/second) 0.22 0.22 NA NA
Pre stroke on transfusion (blood velocity of >200 cm/second) 0.20 0.20 NA NA
Pre-stroke off transfusion (blood velocity of >200 cm/second) 0.19 0.19 NA NA
Pre-stroke off transfusion (adult) NA NA 0.21 0.21
Pre-stroke on transfusion (adult) NA NA 0.18 0.18

NA, not applicable.

Osborne et al.® established utility values to reflect the experience of adult thalassaemia patients
on transfusion. This is a time trade off study using utility values from the general public.
Owing to the unavailability of better quality or more suitable published data, these data were
used to estimate the utility associated with (1) having a blood velocity of <200 cm/second and
(2) disutility associated with undergoing blood transfusion and chelation.

Utility values for those with a blood velocity of >200 cm/second were derived from telephone
interviews with clinicians, as there is no published literature on utility weights associated with
QoL of patients (adults and children) with SCD. Clinical opinion states that patients with SCD
experience better QoL if they have blood velocity of >200 cm/second and receive transfusion
compared with patients with SCD who have blood velocity of >200 cm/second and are not

on transfusion.

Transcranial Doppler ultrasonography scans

The frequency of TCD scans in the model is set at once per year. A TCD single scan is costed at
£50 per scan (D Rees, 2011, personal communication). This approach potentially differs from
actual practice in two ways. In practice, confirmatory scans (post abnormal TCD scan) are
performed but the cost of these scans is not included in the model. However, current practice
suggests that patients do not require annual TCD scans after transfusions are initiated, whereas
the model includes annual scans until the age of 18 years.

The model was not designed to include the cost of confirmatory scans for the following reasons:
reflecting this practice would have required structural changes to be made to the original model;
these costs are relatively immaterial and will not impact the results of the analysis; and the impact
on cost is at least partially offset, as not including confirmatory scans underestimates costs,
whereas including annual scans overestimates costs.

Blood transfusion
The following types of blood transfusion are included in the analysis — exchange, simple, and
combined - in proportion to the likelihood that they are used in current practice based on
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data from the clinician surveys. Where blood transfusions are administered in the pre-stroke
part of the model, the cost of three transfusions is included per cycle.® The disutility associated
with receiving transfusions is derived from Osborne et al.*? Based on personal communication
with D Rees, 2011, it is assumed that the disutility of being on transfusion is the same across
transfusion types. Table 19 summarises the proportion of patients receiving each transfusion
type, and the cost and disutility associated with these transfusions per 3-month cycle. Detail of
the calculation of the cost of transfusion is presented in Appendix 4, Table 44.

Alloimmunisation

Alloimmunisation is one of the AEs associated with blood transfusion, and occurs when a patient
develops antibodies to red cell membrane proteins (antigens) present on the donor cells but not
on the recipient’s cells. The donor cells are therefore recognised as foreign and are able to provoke
an immune response.* In the model, the likelihood of a child on transfusion experiencing
alloimmunisation is based on data from Vichinsky et al.* Transfusing alloimmunised patients

is a longer and a more expensive process requiring additional blood matching and sourcing of
specific blood types, which may be in short supply. A child with alloimmunisation requires an
additional 30 minutes of a skilled technician’s time, and a C, E and K antigen (CEK) reagent.®> No
evidence was found of alloimmunisation impacting on QoL. Table 20 summarises the proportion
of children with alloimmunisation and its cost per 3-month cycle.

Chelation

Following blood transfusion, all patients will experience iron overload after approximately

12 months. Chelation therapy is used to reduce the impact of iron overload, thus improving
patients’ QoL in the long term. In the short term, chelation therapy is difficult to administer and
unpleasant for the patient, which may initially reduce QoL.

In clinical practice, patients begin chelation therapy 12 months after their first blood transfusion
and the therapy ends 6 months after their final blood transfusion. In the model, chelation

costs start 1 year after the age of 2 years and continue until two cycles after the patient moves

off transfusion at the age of 18 years. The model structure does not allow the inclusion of the
12-month time lag for those patients who start transfusion past the age of 3 years (as this would
have required an additional state), thus our model slightly overestimates the cost of chelation.
Those patients who receive transfusion throughout their lifetimes are modelled to receive
chelation as long as they receive transfusions.

TABLE 19 Proportion receiving each transfusion type, and the costs and disutility of transfusions per 3-month cycle

Proportion (%) receiving each transfusion type by age (years)

Cost of
Type of transfusion 2-7 8-18 19-30 31+ transfusion (£)  Disutility
Simple 97.5 68.7 50.7 49.8 4722 0.02
Exchange 0.0 20.1 36.4 315 2142 0.02
Combined 2.5 1.3 125 18.8 4722 0.02

TABLE 20 Probability and cost of alloimmunisation with blood transfusion per 3-month cycle

Proportion (%) of patients becoming alloimmunised by age (years) Incremental cost
of transfusing an
AE 2-7 8-18 19-30 31+ alloimmunised patient (£)
Alloimmunisation 1.25 0.57 0.52 0.11 1

a Thirty minutes’ skilled technician’s time =£21.35; CEK reagent cost=£95.92.8
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38 Assessment of cost-effectiveness

The model assumes 100% adherence to chelation therapy. The literature currently reports
adherence between 64% and 95%.%" However, there is a strong tendency towards moving patients
from injection chelation to oral chelation, which may result in improvement in adherence rates.
A summary of chelation costs and disutilities used in the model is presented in Table 21 (further
detail can be found in Appendix 4, Table 44). Based on clinical opinion (survey of clinicians),

in the UK 20% of chelation therapy is injection chelation and 80% is oral chelation. The cost of
chelation is derived from the British National Formulary (BNF).® The cost of chelation varies by
age, as older age groups require a higher dosage of treatment. Those receiving injection chelation
experience a utility loss, whereas, in comparison, those receiving oral chelation experience a
utility gain.® These assumptions have been confirmed in repeated interviews with clinicians.
The utility gain due to oral chelation is presented as a negative disutility in Table 21. Utility
weights associated with two types of chelation have been tested through sensitivity analysis (see
Appendix 8).

TABLE 21 Cost and disutility effects of chelation therapy per 3-month cycle for individuals in the ‘transfusion
>200cm/second’ health state

Cost (£) of chelation by age group (years)
Proportion (%) receiving

Type of chelation chelation 2-7 8-31+ Disutility
Injection chelation 20 1377 1388 0.04
Oral chelation 80 1172 1922 -0.03
Weighted average - 1213 1816 -0.16

Note: The same chelation costs and disutility values are used in pre- and post-stroke models.

The costs and utility of chelation therapy are applied to all patients in the ‘transfusion >200 cm/
second’ health state for > 1 year and are calculated as the weighted averages of those on oral and
injection chelation.

Sickle cell disease complications

Patients with SCD experience SCD-related complications, such as acute pain, splenic
sequestration and acute chest syndrome.>'>' In the published literature it has been reported that
blood transfusions may help reduce the incidence of these complications.®” In the model, the
probability of experiencing SCD-related complications was derived from Claster and Vichinsky,*
and was then adjusted based on the clinical opinion of D Rees. However, we are aware that there
are varying clinical opinions regarding the probability of clinical complications by age group, and
these are addressed in the sensitivity analyses described in Chapter 5 (see Sensitivity analysis).

The cost of treating each SCD-related complication is derived from Karnon et al.*' The disutility
associated with each AE is based on assumption informed by clinical opinion, as values for these
parameters could not be found in the literature. Table 22 provides a summary of data used in

TABLE 22 Probability of SCD complications per 3-month cycle and cost and disutility per episode

Probability (%) of SCD complication by age group (years)

Cost per Disutility per
Health state SCD complication 2-7 8-18 19-30 31+ episode (£) episode
No transfusion Pain crisis 5.26 8.73 11.25 6.56 841 0.02
Acute chest syndrome 1.37 4.50 0.44 0.44 1815 0.06
Transfusion Pain crisis 2.00 2.00 2.00 2.00 841 0.02

Acute chest syndrome 0.70 0.70 0.70 0.70 1815 0.06
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the model. Detail on the calculation of the probability and cost of complications is available in
Appendix 4.

In the model the disutility values and costs of complications are presented per episode rather
than per 3-month cycle, as these disutilities and costs are not applied continuously in the model
but only if an event happens in a given 3-month cycle.

Probability of stroke

Each state in the pre-stroke element of the model is associated with a probability of having a
stroke. The probability of having a stroke is a function of blood velocity, whether or not a patient
is receiving blood transfusion and age.*® The incidence of stroke for patients with SCD varies
significantly with age.?” Specifically, general clinical opinion is that stroke risk is higher between
the ages of 2 and 7 years, and 19 and 30 years. However, published evidence on risk of stroke does
not support this view. For the purpose of the model we have used published data and tested these
probabilities in scenario analyses. In order to reflect this dynamic in the probability of stroke, the
parameters used in the model distinguish between four distinct age groups: age 2-7, 8-18, 19-30
and =31 years.

Table 23 shows the varying likelihood (by health state and age) that patients with SCD experience
a first stroke. In the model, between the ages of 2 and 18 years, individuals with a high blood
velocity are assumed to have a significantly higher risk of stroke, and this risk is reduced by
blood transfusions. After the age of 18 years, general stroke rates for patients with SCD are drawn
from Ohene-Frempong et al.”” and the probability of stroke is assumed to be the same across
health states. However, this report acknowledges that the data supporting these assumptions

are uncertain.

TABLE 23 Probability of first stroke among patients with SCD by age group and health state per 3-month cycle

Health state
Transfusion >200 cm/second No transfusion >200 cm/second No transfusion <200 cm/second
Age Probability Probability Probability
(years) (%) Source (%) Source (%) Source
2-7 0.20 Adams (2005)% 2.5 Adams 2005% 0.01 Assumption
8-18 0.10 Ohene-Frempong 1.25 Data from Ohene-Frempong 0.01 Assumption
(1998)% (1998),% adjusted based on
effect size from the STOP
trial®
19-30 0.13 Ohene-Frempong 0.13 Ohene-Frempong (1998)% 0.13 Ohene-Frempong (1998)%
(1998)
31+ 0.22 Data from Ohene- 0.22 Data from Ohene-Frempong 0.22 Data from Ohene-Frempong
Frempong (1998),% (1998),%” averaged for ages (1998),%” averaged for ages

averaged for ages

On having a stroke, a patient leaves the pre-stroke component of the Markov structure and enters
the post-stroke component of the Markov structure.

Post-stroke component of the Markov model

This section describes the structure of the post-stroke components of the Markov model. Further
detail on the data used to specify the parameters of the model is available in Appendix 4.
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40 Assessment of cost-effectiveness

Health states included in the model

On having a stroke, and depending on the severity of the stroke, patients enter the post-stroke
component of the Markov model in one of the four post-stroke health states’”” shown in Table 24.

It is assumed that the probability of being in either a mild, moderate or severe post-stroke health
state after the first stroke is independent of pre-stroke health state.

Table 25 summarises the distribution of the population by post-stroke health state after a
first stroke.

Model dynamics

As with the pre-stroke element of the model, a 3-month cycle length is adopted for the post-
stroke element of the model. A number of different types of dynamics are included in this part of
the model:

disease progression following first stroke

probability of having a second or third stroke

health outcome immediately after the second or third stroke
disease progression following second or third stroke.

Disease progression following first stroke

Table 25 describes the probability of being in different health states — mild, moderate, severe, and
dead - following a first stroke. Table 26 summarises the probability of subsequent disease state
deterioration. It is assumed that those who have had a first stroke will move through these states

TABLE 24 Post-stroke health states

Post-stroke

health state Condition

Mild The population in this state has a minor or temporary disability (no organ failure, but treatment required post stroke to
recuperate)

Moderate The population in this state has a disability (possibly organ failure, prolonged treatment required, possible mental disability)

Severe The population in this state has a major disability (multiple organ failure, paralysis, severe mental disability)

Death The population in this state has died either due to general mortality or SCD mortality due to stroke

TABLE 25 Post first stroke health state

Post-stroke

Probability (%) by age group (years)

health state 2-7 8-18 19-30 31+

Mild 27.50 19.75 20.00 17.50
Moderate 50.00 46.25 40.00 25.00
Severe 22.50 33.25 32.00 45.00
Death 0.00 0.75 8.00 12.50

TABLE 26 Transition probabilities following first stroke per 3-month cycle

Parameter

Probability (%) by age group (years)

2-7 8-18 19-30 31+

Probability of moving to a 1.00 1.00 6.00 10.00
worse state post stroke




DOI: 10.3310/hta16430 Health Technology Assessment 2012; Vol. 16: No. 43 Ly

in sequence. For instance, the population can only move from ‘mild post stroke’ by first going
through ‘moderate post stroke; i.e. the population cannot directly move from ‘mild post stroke’ to
‘severe post stroke’ or vice versa.

Probability of having a second or third stroke

After individuals have incurred a first stroke, there is a probability of incurring a second and/

or third stroke (Table 27). The process of calibration involves adjustment of all of the second and
third stroke probabilities, so that the model predicts death rates reported in the literature.”*
Specifically, calibration was conducted on the probability of second and third stroke and the
probability of post-stroke health state following the second and third stroke. Originally, the
calibration was done so that the relativities between the first stroke and the second/third stroke
were maintained, for example the second stroke would be relative to the first stroke by 10%,
20%, 30%, etc., and then the third stroke would be relative to the second stroke by 10%, 20%,
30%, etc. The calibration was required due to the absence of published data on the subject. The
decision to model up to three strokes was based on clinical opinion and the absence of data on
further strokes.'** Based on clinician opinion, both the probability of a recurrent stroke and the
disability associated with post-stroke health state are dependent on the patient’s current stroke
health state.

Health outcome immediately after the second or third stroke

Table 28 presents the health outcomes post second and third strokes. It is assumed that following
another stroke the population can move only to a health state the same as or worse than the

TABLE 27 Probability of second and third stroke per 3-month cycle

Probability (%) by age group (years)

Parameters 2-7 8-18 19-30 31+
Probability of second stroke based on first stroke health state

Mild state post first stroke 0.25 0.25 0.25 0.00
Moderate state post first stroke 0.50 0.38 0.38 0.00
Severe state post first stroke 1.25 0.63 0.63 0.63

Probability of third stroke based on second stroke health state

Mild state post second stroke 1.25 0.50 0.50 0.00
Moderate state post second stroke 1.25 1.00 1.00 0.00
Severe state post second stroke 2.50 1.25 1.25 0.00

TABLE 28 Health state post second and third strokes

Probability (%) by age group (years)

Starting health state Ending health state 2-7 8-18 19-30 31+
Mild post stroke Mild 80 80 80 80
Moderate 18 18 18 18
Severe 2 2 2 2
Dead 0 0 0 0
Moderate post stroke Moderate 45 45 45 45
Severe 50 50 47 47
Dead 5 5 8 8
Severe post stroke Severe 90 90 85 85
Dead 10 10 15 15
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Assessment of cost-effectiveness

one they were in before the stroke. For instance, the population in a moderate post-stroke
state after an initial stroke can move only to a moderate or severe post-stroke state following
a second stroke. This assumption is based on information from clinicians obtained via
telephone interviews.

Data for these parameters have been originally collected through the clinicians’ telephone
interviews and then calibrated using the existing literature.'s*

Disease progression following second or third stroke

As with the first stroke, once the second or third stroke has occurred and individuals are in one
of the four post-stroke health states, there is a probability of staying within the same health state
or moving to a worse health state over time. Table 29 summarises how health states progress
following the second and third strokes.

Predicted population outcomes: Figures 3 and 4 show population outcomes under the intervention
and the non-intervention arms. They demonstrate how the population in the intervention arm
moves on to transfusion early in life owing to high blood flow velocities and how the population
in the non-intervention arm moves on to transfusion only post stroke. Also it is clear that a larger
percentage of the population lives longer in the intervention arm in comparison with patients in
the non-intervention arm.

Blood transfusions: Patients receive blood transfusions following a stroke regardless of post-
stroke health state. These transfusions are associated with a number of health benefits. Patients
also receive relevant treatments for stroke-related disabilities. Based on communication with

D Rees, 2011, it was identified that, in the first 3 months following a stroke, patients receive an
initial large transfusion, which is six times the strength of a regular transfusion, and then five
further regular transfusions. Following the first 3 months post stroke, patients will return to
the regular transfusion schedule. Table 30 summarises the transfusion costs used in the model
for stroke patients. Detail on the calculation of the cost of blood transfusion is presented in
Appendix 4, Table 44. Six transfusions are included in the cost of the first cycle post stroke. From
the second cycle post stroke there are three transfusions per cycle as in the pre-stroke model.
Account was not taken of the large transfusion received immediately post stroke, as no cost
data could be found for this. In order to reflect the uncertainty around the initial cost of stroke,
sensitivity of the results to the cost of treatment in the first cycle post-stroke was tested (see
Appendix 8).

Stroke treatment: The cost of post-stroke treatment varies depending on the effect that stroke
has on the patient. Data on the costs of paediatric stroke care in the UK were not available, and
the published US data are not applicable. Thus, specific stroke treatments were determined via
telephone interviews with clinicians. All post-stroke patients require hospitalisation. Depending
on severity of stroke, patients may be put on a ventilator and spend additional days in an
intensive care unit (ICU) or high-dependency unit (HDU). Patients who suffer moderate/severe
strokes require physical and psychological rehabilitation which may last from a few months to a
lifetime. Severely impacted patients would require part or full-time care after discharge. Detail of

TABLE 29 Transition probabilities for second and third stroke Markov per 3-month cycle

Probability (%) by age group (years)

Parameter 2-7 8-18 19-30 31+

Probability of moving to a worse state post second stroke 15 15 15 25
Probability of moving to a worse state post third stroke 20 20 20 30
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FIGURE 4 Population outcomes without blood transfusion following TCD scans.

TABLE 30 Transfusion costs for stroke patients per 3-month cycle

Cost (£) by age group (years)?

Time from stroke No. of transfusions 2-7 8-18 19-30 31+
First cycle post stroke 50 3667 4917 5691 5730
Second cycle post stroke to death 3 2206 2950 3415 3438

a Cost values incorporate the proportion receiving simple, exchange, and combined, as explained in Table 44.
b Cost of the very first transfusion post stroke is included in immediate post-stroke treatment cost (see 7able 37).

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Cherry 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.



4 Assessment of cost-effectiveness

the calculation of the cost of treatment is presented in Appendix 4. Table 31 presents the cost of
treatment per 3-month cycle in various states.

TABLE 31 Immediate and ongoing (lifetime) post-stroke care costs per 3-month cycle

Immediate (first 3 months) Ongoing post-stroke care costs
Post-stroke state post-stroke care costs (£) £) Disutility
Mild 3737 327 0.03
Moderate 8161 1649 0.082
Severe 18,417 6618 0.13

a The disutility value for a moderate stroke was assumed to be the midpoint between the disutility values for a mild and severe stroke.

Analysis
Modelling and the calculation of model parameters were undertaken in Microsoft Excel, version
2007 (Microsoft Corporation, Redmond, WA, USA). All costs were uplifted to 2010 GBP using
gross domestic product (GDP) deflators available from the Treasury.®® All costs and effects
occurring > 1 year after the start of the model were discounted at 3.5%. The analysis was designed
to generate two measures of efficiency: incremental cost per quality-adjusted life-year (QALY)
gained and incremental cost per stroke avoided (CPSA). More detail on this analysis is presented
in Appendix 7. The analysis was validated in a number of ways. First, a number of checks were
run to ensure the internal consistency of the models. For instance, the size of the population
in each part and cycle of the model was checked to ensure that the cohort size remained 1000
throughout the model. Second, model outcomes were compared with data in the published
literature. Specifically, the predicted cost savings produced by the model (post-stroke costs
and costs associated with the management of patients with SCD) were compared with those
published in the literature. The estimated overall survival was validated against two US studies
following patients with SCD from birth,'*** and the estimated decrease in risk of stroke due to
transfusions was validated against data from the STOP trial.*

The validation should have been undertaken across a broader range of parameters; however, the
majority of data available had already been used to specify the model parameters. In addition
to validating the outcomes against published literature, the model outcomes were presented to
D Rees, P Telfer and A Yardumian to ensure that the model was producing outcomes consistent
with their clinical opinions.

Third, sensitivity analysis was performed to determine whether or not the model results are
sensitive to any of the uncertainties identified in the evidence. The variables listed in Table 32
were tested as part of one-way sensitivity analyses, as they were considered to be the variables
subject to greatest uncertainty.

Results

Efficacy of blood transfusion
This section presents the results of the cost-effectiveness analysis. Table 33 shows the lifetime
incremental costs and incremental effects of providing blood transfusions when blood velocity is
>200 cm/second compared with no blood transfusions when blood velocity is >200 cm/second
for a cohort of 2-year-old children with SCD.
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TABLE 32 Parameters varied in the sensitivity analysis

Type of parameter varied Parameter applied to calculate

Probabilities Death when on and off transfusion for different age groups
First stroke for different age groups and transfusion regimens
Moving to a different health state post stroke
Remaining on transfusion to the age of 18 years
TCD scan of <200 cm/second per cycle
SCD complications

Costs Post-stroke treatment for different severity of strokes (immediate and ongoing costs)
Chelation
Transfusion
Transfusion of alloimmunised patients

Disutilities Associated with patients who have:

= TCD scan of >200cm/second and not receiving blood transfusion
= Qral chelation
= Injection chelation

The analysis suggests that over the lifetime of patients the intervention could be considered
cost-effective with a cost per QALY gained of £24,075 and a CPSA of £203,099. The overall
incremental cost-effectiveness ratio (ICER) is within the £20,000-30,000/QALY gained threshold
that NICE uses to assess cost-effectiveness.

Over a lifetime, the intervention costs an additional £13.8M - or £13,751 per patient — generates
an additional 571 QALY (an additional 0.6-QALY gain per patient) and helps avoid 68 strokes
(0.07 strokes avoided per patient).

Table 33 shows that patients in the intervention arm suffer fewer strokes than patients in the non-
intervention arm up until the age of 30 years. After the age of 30 years, four additional strokes

are observed in an intervention arm compared with the non-intervention arm. This trend can be
explained by the impact of blood transfusion on the death rate. That is, as fewer people are dying
as a result of stroke in the early parts of the model, they are living longer and thus increasing

the number of strokes later in the model. Although the average likelihood of a stroke later in the
model is still lower with blood transfusion than without blood transfusion, the greater number
of the cohort alive later in the model causes the number of strokes to increase slightly, and thus
increases costs.

The impact of blood transfusion on survival
Figure 5 shows the survival rate of the cohort of patients with SCD who receive blood transfusion.

Figure 5 also shows a comparison of the results of the model with previous studies of patients
with SCD. Quinn et al.* studied patients with SCD on transfusion in the USA. They followed

the population from birth to the age of 18 years. The survival rate observed by Quinn et al.* is
indicated on Figure 5 by the dashed grey line. Platt et al.*® also studied a population with SCD in
the USA. Although this population was on treatment, the precise nature of the treatment is not
clear from the paper. The dotted line on Figure 5 represents the proportion of the cohort observed
by Platt et al.,'® who were alive at the age of 20 years.

The model was calibrated to the death rates estimated in Platt et al.'° and Quinn et al.** The
calibration was performed by adjusting the probabilities of having a second and third stroke.
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The resulting survival rate is higher than that in the Platt et al.'® and Quinn et al.*® studies. This

is the result of limits to the number of people having first strokes, and thus able to have second
and third strokes. The number of people with a blood velocity of >200 cm/second by age 18 years
was limited to 15% in accordance with clinical opinion (see Pre-stroke component of the Markov
model, above).

TABLE 33 Costs and effects of blood transfusion for people with SCD and blood velocity of >200cm/second (£2010,

cohort of 1000 people), with and without discounting

Age (years)
Parameters 2-7 8-18 19-30 31+ 2-18 2-30 Total
Discounted
Cost of non-intervention arm, £ 4,369,682 18,568,588 12,195,631 3,586,150 22,938,270 35,133,900 38,720,051
Cost of intervention, £ 7,731,774 21,889,273 16,024,182 6,826,909 29,620,646 45,644,828 52,471,737
QALYs non-intervention arm 3813 6011 3216 1263 9824 13,039 14,302
QALYs intervention arm 3898 6264 3367 1344 10,162 13,529 14,873
Incremental cost, £ 3,361,692 3,320,685 3,828,551 3,240,758 6,682,376 10,510,928 13,751,686
Incremental QALYs 85 253 151 81 339 490 571
Strokes averted 38 29 2 -1 67 69 68
ICER, £ 39,330 13,121 25,326 39,783 19,738 21,463 24,075
CPSA, £ 87,613 115,689 2,286,889 -3,120,936 99,628 152,891 203,099
Undiscounted
Cost of non-intervention arm, £~ 4,845,413 26,885,262 25,326,071 12,721,175 31,730,675 57,056,745 69,777,920
Cost of intervention, £ 8,491,617 31,569,032 33,169,658 24,767,537 40,060,649 73,230,307 97,997,844
QALYs non-intervention arm 4164 8592 6705 4565 12,756 19,461 24,026
QALYs intervention arm 4258 8961 7022 4863 13,219 20,242 25,105
Incremental cost, £ 3,646,204 4,683,770 7,843,587 12,046,362 8,329,974 16,173,561 28,219,923
Incremental QALYs 95 369 317 298 463 780 1078
Strokes averted 42 41 3 -4 83 86 82
ICER, £ 38,555 12,705 24,743 40,394 17,983 20,730 26,167
CPSA, £ 87,102 114,142 2,406,834 -3,096,359 100,487 187,727 343,040

— Intervention

Per cent of cohort alive

-~ Quinn (2004)*° validation
-+ Platt (1994)'® validation
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FIGURE 5 Overall survival rate of individuals with SCD identified to be at high risk of stroke following TCD and receiving

blood transfusion.
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Impact of blood transfusion on the incidence of stroke
The impact of blood transfusion on the incidence of strokes is summarised in Figure 6. It
demonstrates the impact of blood transfusion on the number of first strokes. Without blood
transfusion, nearly 13% of patients experience first stroke by the age of 30 years. The equivalent
rate with blood transfusion is around 6%.

The existing literature on the incidence of first stroke in SCD children was used to populate the
model and therefore it was not possible to validate these outputs against published literature.
However, D Rees confirmed that incidence of first stroke predicted by the model reflected his
clinical opinion.

Costs incurred by patients with sickle cell disease
The model estimates that the lifetime cost (until age 82 years) of treating a patient with SCD
in the intervention arm is £52,472. This estimate compares well with those in the existing
literature.?* However, Karnon et al.® estimate the lifetime costs to be £185,614 (£248,300 in
2010 GBP). Karnon's work includes the cost of a number of SCD complications, such as renal
failure, hip replacement, leg ulcers, acute anaemia, chronic lung disease, retinopathy and other
operations, which are not included in our analysis. This extensive list of complications explains
the difference between estimates by Karnon et al.®' and those produced by the model. Saka et
al.® estimate direct costs of stroke in the UK to be £34,011 per year (in 2010 GBP); this is higher
than the average direct annual cost per first stroke at £18,862 per patient per year produced
by the model. The difference in these estimates can be explained by the fact that the model
costs paediatric stroke. Paediatric patients who have mild or moderate post-stroke outcomes
(61% of all strokes) incur fewer costs than the general stroke population, for whom additional
comorbidities may prolong post-stroke recovery. For calculation of this comparison, see
Appendix 4, Table 50.

Figures 7 and 8 show the breakdown of the costs of treating patients with SCD both with and
without blood transfusion following TCD scans. In both arms of the model post-stroke treatment
costs account for a sizeable proportion of all costs, and post-stroke treatment costs increase
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FIGURE 6 Number of patients experiencing at least one stroke, with and without blood transfusion, following TCD
(cohort size=1000).
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with age. However, there is a clear difference between the intervention and the non-intervention
groups. In the latter, post-stroke treatment costs constitute the greatest cost, whereas in the
intervention arm, cost of transfusion and chelation are significantly greater than the cost of
post-stroke treatment. It is unsurprising that the costs of blood transfusion and chelation and
associated treatments are higher with blood transfusion following TCD scans than without.
Without blood transfusion following TCD scans, transfusions are provided only post stroke.
Costs associated with complications of SCD (pain crisis, acute chest syndrome) are higher in the
comparator arm than in the intervention arm and these costs are especially high before the age of
10 years. Once again, this is an expected outcome, as blood transfusion lowers the probability of
complications and, consequently, the costs associated with these complications.



DOI: 10.3310/hta16430 Health Technology Assessment 2012; Vol. 16: No. 43

Impact of blood transfusion on sickle cell disease-related complications
and adverse events
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Figure 9 shows incidence of complications and AEs with and without the intervention. As
expected, cases of SCD complications (pain crisis and acute chest syndrome) decrease as a result
of the intervention.

Figures 10-12 show the incidence of complications and AE over the lifetime of the intervention
and comparator arms of the model.

Cases of alloimmunisation (see Figure 10) are higher in the intervention arm as blood
transfusions increase the probability of alloimmunisation. Rates of alloimmunisation become
constant from about the age of 30 years, as by this time most patients who are on chronic
transfusion have become alloimmunised or have been taken off transfusion. In the model no
differentiation is made between different types of alloimmunisation, for example if a patient
developed a reaction to at least one of the antibodies he/she is already considered to be
alloimmunised and we do not account for further reactions developed to other antibodies.

M Intervention
Non-intervention

Pain crisis Chest syndrome
SCD complications

FIGURE 9 Number of complications, with and without blood transfusion, following TCD (cohort=1000).
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FIGURE 10 Number of alloimmunised patients, with and without blood transfusion, following TCD.
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FIGURE 11 Number of episodes of acute chest syndrome, with and without blood transfusion, following TCD.
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FIGURE 12 Number of episodes experiencing serious pain crisis, with and without blood transfusion, following TCD.

Cases of complications of SCD (see Figures 11 and 12) are lower in the intervention arm. Rates of
acute chest syndrome become constant at about the age of 30 years, as these are more prevalent in
younger age groups.

The trends presented in Figure 12 are only for serious cases of pain crisis, defined as cases that
require hospital admission or at least an Accident and Emergency department visit.

Sensitivity analysis

The data available to populate the cost-effectiveness models are subject to a great deal of
uncertainty. A one-way sensitivity analysis was run in order to test the impact of uncertainty
on the ICERs and CPSAs. The outputs of the sensitivity analyses are described in detail in
Appendix 8. The results of these analyses are summarised in Table 34.

Most of the one-way sensitivity analyses suggest that the uncertainty in the model will not impact
the conclusion of the analysis. Although 8 of the 27 parameters varied cause the ICER to rise
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TABLE 34 Results of the sensitivity analysis

Health Technology Assessment 2012; Vol. 16: No. 43

Age range Value in the Range in sensitivity  Blood transfusion cost-
Parameter (years) model analysis effective??
Probability (per cycle) of death when not on 2-18 0.10% 0.1t00.15% Becomes not cost-effective with
transfusion and TCD scan <200 cm/second (not reduction of around 90%
due to stroke)
Probability (per cycle) of death when TCD scan 2-18 0.20% 0.02 t0 0.25% Yes, always cost-effective
>200cm/second (not due to stroke) while off
transfusion
Probability (per cycle) of death when TCD scan 2-18 0.10% 0.02 t0 0.20% Yes, always cost-effective
>200cm/second (not due to stroke) while on
transfusion
Probability (per cycle) of first stroke when on 2—7 0.2% 0.20t0 0.70% Yes, always cost-effective
transfusion and TCD > 200 cm/second
Probability (per cycle) of first stroke when off 2-7 2.5% 1.0104.0% Becomes not cost-effective with
transfusion and TCD > 200 cm/second reduction of around 20%
Probability (per cycle) of first stroke when on 8-18 0.1% 0.20t0 0.70% Becomes not cost-effective with
transfusion and TCD > 200 cm/second increase of around 400%
Probability (per cycle) of first stroke when off 8-18 1.25% 1.0t04.0% Yes, always cost-effective
transfusion and TCD > 200 cm/second
Probability (per cycle) of first stroke when on 19-30 0.13% 0.10t0 0.20% Yes, always cost-effective
transfusion and TCD > 200 cm/second
Probability (per cycle) of first stroke when off 19-30 0.13% 0.10t00.17% Yes, always cost-effective
transfusion and TCD > 200 cm/second
Probability (per cycle) of first stroke when on 31+ 0.22% 0.17100.27% Yes, always cost-effective
transfusion and TCD > 200 cm/second
Probability (per cycle) of first stroke when off 31+ 0.22% 0.201t0 0.27% Yes, always cost-effective
transfusion and TCD > 200 cm/second
Probability (per cycle) of moving to a worse state Al 1.00% 0.1102.6% Yes, always cost-effective
post first stroke after one cycle
Cost of treatment for mild post-stroke state All £3737 £500 to 8500 Yes, always cost-effective
(initial)
Cost of treatment for moderate post-stroke state Al £8161 £2000 to 14,000 Yes, always cost-effective
(initial)
Cost of treatment for severe post-stroke state Al £18,416 £10,000 to 70,000 Yes, always cost-effective
(initial)
Cost of treatment for severe post-stroke state Al £6618 £5000 to 35,000 Yes, always cost-effective
(ongoing)
Probability of staying on transfusion until age 18~ 2-18 100% 10t0 100% Yes, always cost-effective
if TCD scan > 200 cm/second (intervention arm)
Utility loss (per 3-month cycle) of those pre- Al 0.03 0.0010 0.03 Becomes not cost-effective with
stroke with TCD scan >200cm/second and no reduction of around 95%
transfusion compared with those with a blood
velocity of <200 cm/second
Decrease in relative risk of SCD complications Al Range® Doubled Becomes not cost-effective with
between those on transfusion and off transfusion increase of around 60%
The incremental cost of transfusion for Al £117 £100 to 1000 Yes, always cost-effective
alloimmunised patients
The cost of chelation (oral and injection) Al 0 Range of costs Becomes not cost-effective with

Range® doubled increase of around 35%

The cost of transfusion (simple, exchange, All Range? Range of costs Becomes not cost-effective with
combined) doubled increase of around 20%
The probability of death in adults not due to 19-30 1% 0.4 10 4% Yes, always cost-effective
stroke on and off transfusion (age 19-30 years)
The probability of death in adults not due to 31+ 2% 0.4t0 4% Yes, always cost-effective

stroke on and off transfusion (age 31+ years)

continued
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TABLE 34 Results of the sensitivity analysis (continued)

Age range Value in the Range in sensitivity  Blood transfusion cost-
Parameter (years) model analysis effective??
The probability TCD scan <200 cm/second per 2-18 99.81% 99.80 t0 99.98% Yes, always cost-effective
cycle
Disutility associated with oral chelation Al -0.03 —0.03100.03 Becomes not cost-effective with

reduction of around 65%

Disutility (per cycle) associated with injection Al 0.04 —0.02 t0 0.06 Yes, always cost-effective
chelation

a Using an ICER threshold of £30,000/QALY.

b Different relative risks of SCD complications are based in the model depending on age and complication type.

¢ Chelation costs used in the model vary by age group owing to different dosage of chelation drugs required.

d Transfusion costs used in the model vary by age group owing to different types of transfusion used for children and adults.

above the £30,000 per QALY threshold within the range tested, the majority of these require large
changes in parameter estimates to cause the threshold to be crossed. The exceptions to this rule
are the following parameters:

m  The probability of first stroke if blood velocity is >200 cm/second and when off transfusion A
20% reduction in this parameter will cause the ICER to move to >£30,000 per QALY.

m  The cost of chelation A 35% increase in this parameter will cause the ICER to move to
>£30,000 per QALY.

m  The cost of transfusions A 20% increase in this parameter will cause the ICER to move to
>£30,000 per QALY.
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Chapter 6

Conclusions and research recommendations

Conclusions

The use of TCD ultrasonography to identify children at high risk of stroke, and treating these
children with prophylactic blood transfusions, appears to be both clinically effective and cost-
effective compared with using TCD ultrasonography alone.

Clinical review

m  No RCTs were identified which evaluated the efficacy of BMT for primary stroke prevention.

B One RCT® was identified which evaluated the efficacy of hydroxycarbamide for primary
stroke prevention; this trial is currently recruiting participants.

m  Two RCTs were identified for inclusion in the review (STOP?' and STOP 2*°); both studied
children with SCD identified to be at high risk of stroke using TCD ultrasonography. One
study considered the effectiveness of blood transfusions compared with standard care in
preventing primary stroke and the other compared discontinuation of prophylactic blood
transfusion with continued transfusion.

®  Neither of these STOP studies was carried out in the UK.

m  The STOP trial*! demonstrated the efficacy of initiating blood transfusions in children
with SCD, who were identified to be at high risk of stroke, using TCD ultrasonography in
reducing stroke risk.

m  The STOP 2 trial*® demonstrated the importance of continued blood transfusion in reducing
risk of primary stroke in children with SCD, identified to be at high risk of stroke, using
TCD ultrasonography.

m  Both trials were terminated early owing to risks associated with the control arm.

m  No studies were identified which reported QoL data.

Economic review

m  No published economic evaluations relevant to the decision problem were identified from
searching the published literature.

m  The assessment group developed a de novo economic model to compare TCD scans plus
prophylactic blood transfusion in children at high risk, with TCD scans only in patients with
SCD aged between 2 and 18 years.

m  The economic analysis suggests that blood transfusions post TCD scans for patients with
SCD 22 years (compared with TCD scans alone) may be good value for money. The
intervention has an ICER of £24,075 per QALY gained, within the range of the NICE
threshold of £20,000-30,000 per QALY gained.

m  The intervention leads to improvement in health-related QoL, by helping to avoid 68 strokes
over the lifetime of a population of 1000 patients. The intervention costs an additional
£13,751 per patient and generates 0.6 extra years of life in full health per patient.

m  These estimates are subject to significant uncertainty, given the limitations in the published
data. The sensitivity analysis and validation against existing data and expert opinion
generally provide some reassurance that the conclusion that blood transfusions for patients
with SCD may be cost-effective compared with no transfusion is reasonable. However, it is
possible that the conclusion that blood transfusions are cost-effective may be influenced by
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uncertainty in a small number of model parameters. Further research is thus required to
verify the results obtained here.

m  Given that the population of interest is patients with SCD of 2 years of age, estimates of costs
and benefits later in life — age 18 years and onwards - are subject to substantial uncertainty.
Just focusing on the short-term estimates of costs and benefits reinforces the conclusion that
blood transfusions are cost-effective. For instance, the ICER is £19,738 if the model is just
run between the ages of 2 and 18 years.

Research recommendations

Clinical research recommendations
The published literature on the use of TCD ultrasonography to identify children at high risk of
stroke and implementation of primary stroke prevention strategies is limited. Most of the RCT
data come from the two seminal STOP trials,** both of which considered the efficacy of blood
transfusion for primary stroke prevention, and were terminated early due to large numbers
of harmful events in the comparator arms. Data on the effectiveness of blood transfusion are
available from a number of cohort studies but there are still gaps for which further research
would be welcomed.

For example, published data on stroke incidence, morbidity and mortality from stroke in older
children and adults would be valuable, particularly if these data were to come from follow-up
studies of existing published cohorts, such as the East London cohort® and the Dallas cohort.*

Additionally, clinicians still do not know the optimal duration of continuation of blood
transfusion into adulthood. There are some data to suggest that patients with abnormal TCD
velocities during childhood may not have velocities of >200 cm/second in adulthood. The
majority of patients exhibit no neurological deficit, absent transient ischaemic attack, no or
minor cerebral ischaemia, and no or mild cerebrovascular disease, owing to the implementation
of early TCD screening and treatment with blood transfusion for stroke prophylaxis before there
is any evidence of neurological damage on MRI scanning.

Treatment with hydroxycarbamide is associated with reduced complications and costs
compared with blood transfusion. More research is required to assess the potential effects
of hydroxycarbamide in reducing risk of primary stroke in children with SCD. Two trials
are suggested.

First, it is likely that there is a ‘window period’ of high risk of stroke in children with abnormal
TCD velocities, up to age of about 10 years; velocities decrease with age (in adolescence) and an
individual’s stroke risk also diminishes after the age of 10 years. It would therefore be useful to
assess whether or when transfusions can be discontinued or replaced with hydroxycarbamide
therapy in these children owing to the risks associated with long-term blood transfusion.
Those children who have been fully protected by transfusion (i.e. those children who have had
no stroke, minimal cerebral ischaemia and no, or minimal, cerebrovascular disease) could be
randomised to either continued transfusions, discontinuation of transfusion or replacement
of transfusion with hydroxycarbamide between the ages of 12 and 15 years. This trial may
help to identify the optimal length of continuation of transfusion, and the potential role of
hydroxycarbamide in this process. This has important implications for the QoL and cost of
treating children with SCD and the subsequent implications for policy and practice within the
NHS in the future.
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Second, a trial that randomises patients to blood transfusion or hydroxycarbamide for TCD
velocities in the borderline to low abnormal category (185-210 cm/second), and assesses the
impact of this on stroke rate or HbS levels would be useful. Children with TCD velocities

of between 185 and 200 cm/second do not currently receive transfusion for primary stroke
prevention, thus this trial will assess the impact of hydroxycarbamide on borderline to low
abnormal TCD velocities before they become a greater risk.

Although the clinical benefits of TCD scanning in children have been demonstrated, there are
few data relating to long-term impact. Reports from more mature TCD screening programmes
may be able to provide information about the long-term benefits associated with TCD scanning
from the age of 2 years. There are also no published data relating to QoL in children with

SCD who are identified to be at high risk of stroke using TCD ultrasonography and who are
undergoing any primary stroke prevention strategy. Further research is required to identify
QoL deficits in these children and to establish the impact of various primary stroke prevention
strategies on children’s QoL.

In addition, data are needed on the outcomes of implementing TCD scans and blood transfusion
in children with SCD (routine clinical practice in the UK). In particular, reports are needed of
children’s uptake of TCD screening at the age of 2 years, uptake of transfusion therapy in children
with high TCD velocities, and incidence of stroke. Reports on stroke incidence should focus not
only on transfused children with high blood flow velocities, but also on children with velocities of
<200 cm/second and who therefore do not receive transfusion.

Economic research recommendations
The published literature on SCD contains a number of gaps in relation to the cost and clinical
outcome data required to assess the cost-effectiveness of blood transfusion for patients with
SCD. Further research is required to generate more robust data on which to base estimates
of cost-effectiveness, or against which model outputs can be calibrated. Specifically, further
research should be undertaken looking at utility weights associated with SCD and variation with
age, transfusions, strokes and SCD complications — such as pain crisis and transfusion-related
treatments (such as alloimmunisation and chelation). This call for further research follows
Mazumdar et al.** and Nietert et al.,” who point out that utility weights associated with SCD have
not been established and report QoL data sourced from expert clinical opinion.

Research is also needed around the cost of paediatric stroke care in the UK. In the UK there is

a body of literature on costs associated with adult stroke.***® Cost of paediatric stroke care has
been estimated in the USA.*! In the UK, an economic analysis would be helpful to collect relevant
resource and cost data associated with paediatric strokes of various severity. Given that it is
unlikely that any budget data will accurately reflect the costs of paediatric stroke, it is proposed
that this analysis adopts a bottom-up approach.®

In accordance with NICE guidance,” data collection should focus on the incurred costs of the
health-care system. However, anticipating greater interest in a broader set of costs, it is proposed
that the research should also consider indirect costs and the cost of informal care.” For example,
Saka et al.* concluded that indirect costs of post-stroke care constitute 24% and informal care is
27% of total post-stroke costs in the UK. These costs have not been established for post-paediatric
stroke care.

In addition, research around post-stroke outcome data would be welcomed. No data were
identified relating to the distribution of severity of paediatric stroke in order to identify what
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proportion of children with SCD end up in mild, moderate, severe or dead post-stroke health
states. An ongoing study is currently attempting to develop and validate a paediatric stroke
severity scale and to compare these scores with infarct volume and with functional outcomes
at 3 and 12 months.”* Further work would be useful to build on this study to elicit post-stroke
outcomes in patients with SCD.

More information is needed about death rates (survival in SCD). Karnon et al.®! state that there
remains considerable uncertainty about the survival of newborn cohorts of patients with sickle
cell disorders and the possible development of new complications of new interventions. The
present review used survival data reported in Karnon et al.¥' validated by data reported by Platt
et al.'* in 1994. However, as Karnon et al.*' point out, current management of SCD may have
improved survival rates dramatically, so it is important that more recent data on the survival of
patients with SCD are collected.

Finally, the frequency of complications and AEs in patients with SCD when on and off
transfusion requires further research. The literature states that pain crisis and acute chest
syndrome are more frequent in patients with SCD who are not receiving transfusion. However,
no data were found regarding rate of these events. Data should be collected longitudinally from
patients with SCD who are on and off transfusions to identify the frequency of complications
they experience.
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Appendix 1

Literature search strategies

TABLE 35 Search strategy and search results

Database Years Search strategy References identified

MEDLINE 1950 to May 2011 (Week 18) See below 920

EMBASE 1980 to May 2011 (Week 18) See below 1065

The Cochrane Library 2011 105

2011 (CENTRAL, CDSR, DARE, HTA database, NHS EED)
Total references identified 2090
Duplicates 762
Total 1328

a Includes CENTRAL, CDSR, DARE, HTA database and NHS EED.

TABLE 36 Search strategy: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations 1948 to week 2 April 2011

Searches Results
1 exp Anemia, Sickle Cell/ 15,785
2 (sickle-cell or sickle cell).mp. 18,041
3 drepanocytosis.mp. 189
4 (sickling and (blood or plasmay)).tw. 377
5 exp Hemoglobin, Sickle/ 2513
6 (hemoglobin s or haemoglobin s).tw. 1095
7 (hemoglobin sc disease or haemoglobin sc disease).tw. 142
8 exp Stroke/ 63,305
9 ((isc?emic or apoplectic) adj5 (event or events or insult or attack$)).tw. 16,197
10 (stroke or poststroke or post-stroke or cerebrovasc$ or brain vasc$ or cerebral vasc$ or cva$ or apoplex$ or 161,386

isch?emi$attack$ or tia$1 or neurologic$deficit$ or SAH or AVM).tw.
11 (cerebrovascular adj (accident$ or infarction$ or insult)).tw. 4499
12 ((orain$ or cerebr$ or cerebell$ or cortical or vertebrobasilar or hemispher$ or intracran$ or intracerebral or infratentorial 71,283

or supratentorial or MCA or anterior circulation or posterior circulation or basal ganglia) adj5 (isch?emi$ or infarct$ or
thrombo$ or emboli$ or occlus$ or hypox$ or vasospasm or obstruction or vasculopathy)).tw.

13 ((brain$ or cerebr$ or cerebell$ or intracerebral or intracran$ or parenchymal or intraventricular or infratentorial or 39,369
supratentorial or basal gangli$ or subarachnoid or putaminal or putamen or posterior fossa) adj5 (haemorrhage$ or
hemorrhage$ or haematoma$ or hematoma$ or bleed$)).tw.

14 ((brain or intracranial or basal ganglia or lenticulostriate) adj5 (vascular adj5 (disease$ or disorder or accident or injur$ or 779
traumas$ or insult or event))).tw.

15 exp aphasia/or anomia/or hemiplegia/or hemianopsia/or exp paresis/or deglutition disorders/or dysarthria/or pseudobulbar 43,818
palsy/or muscle spasticity/

16 exp Brain Ischemia/or exp Cerebral Hemorrhage/or exp Cerebral Infarction/or exp Cerebrovascular Trauma/or exp 94,307
Hypoxia-Ischemia, Brain/

17 or/1-7 19,127

18 or/8—16 302,677

19 17 and 18 1020

20 limit 19 to (english language and humans) 934
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TABLE 37 Search strategy: EMBASE 1980 to week 17 2011

Searches Results
1 exp sickle cell/ 1163
2 (sickle cell or sickle-cell).mp. 21,977
3 drepanocytosis.mp. 218
4 (sickling and (blood or plasma)).tw. 47
5 exp hemoglobin S/ 2707
6 (hemoglobin s or haemoglobin s).tw. 1092
7 (hemoglobin sc disease or haemoglobin sc disease).tw. 139
8 exp STROKE/ 98,235
9 ((isc?emic or apoplectic) adj5 (event or events or insult or attack$)).tw. 20,249
10 (stroke or poststroke or post-stroke or cerebrovasc$ or brain vasc$ or cerebral vasc$ or cva$ or apoplex$ or 207,204
isch?emigattack$ or tia$1 or neurologic$deficit$ or SAH or AVM).tw.
11 (cerebrovascular adj (accident$ or infarction$ or insult$)).tw. 5591
12 ((brain$ or cerebr$ or cerebell$ or cortical or vertebrobasilar or hemispher$ or intracran$ or intracerebral or infratentorial 89,204
or supratentorial or MCA or anterior circulation or posterior circulation or basal ganglia) adj5 (isch?emi$ or infarct$ or
thrombo$ or emboli$ or occlus$ or hypox$ or vasospasm or obstruction or vasculopathy)).tw.
13 ((brain$ or cerebr$ or cerebell$ or intracerebral or intracran$ or parenchymal or intraventricular or infratentorial or 48,392
supratentorial or basal gangli$ or subarachnoid or putaminal or putamen or posterior fossa) adj5 (haemorrhage$ or
hemorrhage$ or haematoma$ or hematoma$ or bleed$)).tw.
14 ((orain or intracranial or basal ganglia or lenticulostriate) adj5 (vascular adj5 (disease$ or disorder or accident or injur$ or 960
trauma$ or insult or event))).tw.
15 exp aphasia/or anomia/or hemiplegia/or hemianopsia/or exp paresis/or deglutition disorders/or dysarthria/or pseudobulbar 71,779
palsy/or muscle spasticity/
16 *brain ischemia/or *brain infarction/ 43,502
17 or/1-7 23,021
18 or/8-16 387,369
19 17 and 18 1546
20 limit 19 to (human and English language) 1224
21 limit 20 to embase 1072

TABLE 38 Search strategy: CENTRAL first quarter 2011, CDSR 2005 to April 2011, DARE second quarter 2011, HTA
database second quarter 2011, NHS EED second quarter 2011

Searches Results
1 Hemoglobin sickle.mp. 16
2 sickle cell.mp. 729
3 (sickled or sickling).mp. 52
4 drepanocytosis.mp 2
5 (hemoglobin sc or haemoglobin sc).mp. 27
6 exp sickle cell anemia/ 274
7 exp brain ischemia/or exp cerebrovascular accident/or exp brain infarction/or exp cerebrovascular trauma/or exp hypoxia- 3633

ischemia, brain/
8 (stroke or poststroke or post-stroke or cerebrovasc* or brain vasc* or cerebral vasc™ or cva* or apoplex™ or ischemi* attack® 22,884

or ischaemi* attack™ or tia* or neurologic* deficit* or SAH or AVM).mp.
9 or/1-6 736
10 70r8 23,271
11 9and 10 105
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Appendix 2

Flow diagram of included studies

Potentially relevant
titles identified by
main search strategy
(n=1337)

I

Full-text papers Excluded: not RCT or
obtained not primary stroke
(n=80) prevention

(n=1257)

Potentially relevant Excluded: not RCT or
publications of trials not primary stroke

(n=32) prevention
(n=48)

Distinct RCTs included
(n=2)

FIGURE 13 Flow diagram of included clinical studies.

Potentially relevant
titles identified by
main search strategy
(n=1337)

I

Full-text papers Excluded: not full
obtained economic evaluation
(n=10) (n=1327)

Potentially relevant Excluded: not full
publications economic evaluation
(n=4) (n=6)

Distinct economic
evaluations included
(n=0)

FIGURE 14 Flow diagram of included economic studies.
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Appendix 3

Assumptions used in the
cost-effectiveness analysis

TABLE 39 Assumptions used in the economic model

Assumption Reason

TCD scans start at the age of 2 years and are repeated once a year for those with blood velocity — Defined by the briefing document
of <200cm/second until the age of 18 years

TCD scans start at the age of 2 years and are repeated every year for those with blood velocity  Clinical practice
of >200cm/second until the age of 18 years

Population enters the model stroke free (no previous strokes have been experienced by a Defined by the briefing document

patient)

Once blood transfusions are initiated, they continue until adulthood Simplification based on clinician’s opinion
Adherence to chelation is assumed to be 100% Simplification

Only three strokes are modelled owing to an assumption that no-one survives a fourth stroke Clinical opinion

The population can move to ‘transfusion > 200 cm/second’ only by first going through ‘no Model structure enforced assumption. Patients
transfusion >200 cm/second’, i.e. the population cannot directly move from ‘no transfusion are kept in ‘no transfusion’ state for one cycle
<200cm/second’ to ‘transfusion >200 cm/second’ or vice versa only

Post 18 years of age, the model is simplified to no longer account for annual TCD scan results The briefing document states age 16 years, but
experts are recommended to use 18 years

Post-stroke patients remain in the same state until they have a subsequent stroke Clinical opinion and simplification

At the age of 18 years, patients remain in either ‘transfusion’ or ‘no transfusion’ until they die, Clinical opinion and simplification
unless patients have a stroke and are moved into a post-stroke health state

QoL of those with SCD on blood transfusion is similar to that for patients with thalassaemia Assumption

who are on blood transfusion. Data from the Osborne et al.%? time trade-off study using utility

values from the general public have been applied to the modelled population including children

between the ages of 2 and 18 years

Effect data from Adams et al.®' trial for 1 year is the same for ages 2—18 years Assumption

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Cherry 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.

69






DOI: 10.3310/hta16430 Health Technology Assessment 2012; Vol. 16: No. 43

Appendix 4

Data used in the cost-effectiveness analysis

All of the data in this appendix are presented per 3-month cycle unless explicitly stated.

TABLE 40 Parameters used in transfusion model

Value age (years)

Description of value 2-7 8-18 19-30 31+ Source Comments

Probability TCD scan is <200cm/  89.3 NA NA NA Adams (1998)*!
second (non-transfusion patients

only) — baseline, %

Probability of TCD scan is 0.1 NA NA NA Adams (1998)*
>200cm/second (non-transfusion

patients only) — baseline, %

Probability of TCD scan remaining 99.8 99.8 NA NA Communication D Rees estimates that 15% of children

is <200 cm/second after first scan with D Rees by the age of 18 years will have a TCD

(year 3 and up), % scan of >200cm/second and receive
transfusions

Probability of death when not 0.1 0.1 NA NA Telephone Probability of death in low-risk patients

on transfusion and TCD scan is interview with is half of the value for high-risk patients

<200cm/second (not due to clinicians

stroke), %

Probability of death when TCD 0.2 0.2 NA NA Karnon (2000)! Calculated from survival data (SCA)

scan is >200cm/second (not due presented by Karnon et al.®' for ages

to stroke) while off transfusion, % 2-18 years

Probability of death when TCD 0.1 0.1 NA NA Mazumdar

scan is >200cm/second (not due (2007)%

to stroke) while on transfusion, %

Probability of continuing NA NA 75.0 NA Clinician survey

transfusions past the age of
18 years for the rest of life, %

Probability of death in adults due to  NA NA 1.00 2.00 Calibrated Parameter was adjusted to reflect mean
other causes (no stroke) when off life expectancy of patients with SCD
transfusion, %

Probability of death in adults due to  NA NA 1.00 2.00 Calibrated Parameter was adjusted to reflect mean
other causes (no stroke) when on life expectancy of patients with SCD

transfusion, %

Proportion of patients on simple 9750 68.67 50.67 49.75 Clinician survey
transfusion, %

Proportion of patients on exchange 0.00 20.08 36.83 31.50
transfusion, %

Proportion of patients on combined 250 1125 1250 18.75
transfusion, %

Probability of pain crisis on 2.0 2.0 2.0 2.0 Telephone
transfusion, % interview with
clinicians
Probability of pain crisis off 5.26 8.73 11.25 6.56 Karnon (2000),%' Base values adjusted based on
transfusion, % readjusted based communication with D Rees
on communication
with D Rees

continued
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TABLE 40 Parameters used in transfusion model (continued)

Value age (years)

Description of value 2-7 8-18 19-30 31+ Source Comments
Probability of acute chest 0.70 0.70 070 0.70 Karnon (2000),°"
syndrome on transfusion, % readjusted based
on communication
with D Rees
Probability of acute chest 1.37 450 044 0.44 Karnon (2000),°" Base values adjusted based on
syndrome off transfusion, % readjusted based communication with D Rees
on communication
with D Rees
NA, not applicable.
TABLE 41 Parameters used in stroke model
Value age (years)
Description of value 2-7 8-18 19-30 31+ Source Comments
Probability of first stroke 0.20 0.10 0.13 0.22 Adams (1998)°' Assumed data from Adams (1998)*'
when on transfusion and TCD (for values for 2—7 trial are representative of the yearly rate
>200cm/second, % and 818 years); for the duration of the age group
Ohene-Frempong
(1998)7 (for age
19-30+ years)
Probability of first stroke 2.50 1.25 NA NA Adams (1998)°' The relative difference in probability
when off transfusion and TCD of first stroke on and off transfusion in
>200cm/second, % age 2—7 years (i.e. 0.20% vs 2.%) is
applied to derive probability of stroke
off transfusion in age 7—18 years (i.e.
0.10% vs 125%)
Probability of first stroke 0.01 0.10 NA NA Assumption
when off transfusion and TCD
<200cm/second, %
Probability of first stroke when off NA NA 0.13 0.22 Ohene-Frempong Value for 18+ years is derived from
transfusions in adulthood, % (1998)% average stroke prevalence in adult
population (non-sickle cell)
Proportion of patients ending upin ~ 27.50  19.75 20.00 17.50 Telephone interview
mild state post first stroke, % with clinicians
Proportion of patients ending upin ~ 50.00  46.25 40.00 25.00
moderate state post first stroke, %
Proportion of patients endingup in -~ 22.50  33.25 32.00 45.00
severe state post first stroke, %
Proportion dying post first stroke, 0.00 0.75 8.00 12.50
%
Probability of improving state post 0.00 0.00 0.00 0.00

first stroke after one cycle, %

Probability of moving to a worse
state post first stroke after one
cycle, %

Probability of second stroke when
in mild state, %

Proportion of patients ending up in
mild state post stroke 2 (from mild
stroke 1), %

1.00  1.00 6.0 10.0

025 025 0.25 0.00

80.00  80.00 80.00 80.00

Telephone interview
with clinicians

Calibrated

Communication with clinicians: patients
will not improve or get worse post
stroke. Stay in the same state

Values for age 19-30+ years
were calibrated to reflect mean life
expectancy of patient with SCD
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TABLE 41 Parameters used in stroke model (continued)

Value age (years)

Description of value 2-7 8-18 19-30 31+ Source Comments

Proportion of patients ending upin ~ 18.00  18.00 18.00 18.00 Calibrated
moderate state post stroke 2 (from

mild stroke 1), %

Proportion of patients ending up 2.00 2.00 2.00 2.00

in severe state post stroke 2 (from

mild stroke 1), %

Proportion of patients ending up in 0.00 0.00 0.00 0.00

dead state post stroke 2 (from mild

stroke 1), %

Probability of second stroke when 0.50 0.38 0.38 0.00

in moderate state, %

Proportion of patients endingup in ~ 45.00  45.00 45.00 45.00 Calibrated
moderate state post stroke 2 (from

moderate stroke 1), %

Proportion of patients ending up 50.00 50.00 47.00 47.00 Calibrated
in severe state post stroke 2 (from

moderate stroke 1), %

Proportion of patients ending up 5.00 5.00 8.00 8.00

in dead state post stroke 2 (from

moderate stroke 1), %

Probability of second stroke when 1.25 0.63 0.63 0.00

in severe state, %

Proportion of patients ending up 90.00 90.00 85.00 85.00 Calibrated
in severe state post stroke 2 (from

severe stroke 1), %

Proportion of patients ending up 10.00 10.00 15.00 15.00 Calibrated
in dead state post stroke 2 (from

severe stroke 1), %

Probability of improving state post 0.00 0.00 0.00 0.00

second stroke after one cycle, %

Probability of moving to a worse 15.00 15.00 15.00 25.00 Calibrated
state post second stroke after one

cycle, %
Probability of third stroke when in 1.25 0.50 0.50 0.00 Values for age 19-30+ years
mild state, % were calibrated to reflect mean life

expectancy of patient with SCD

Proportion of patients endingup in ~ 80.00  80.00 80.00 80.00 Calibrated
mild state post stroke 3 (from mild

stroke 2), %

Proportion of patients endingup in ~ 18.00  18.00 18.00 18.00 Calibrated
moderate state post stroke 3 (from

mild stroke 2), %

Proportion of patients ending up 2.00 2.00 2.00 2.00

in severe state post stroke 3 (from

mild stroke 2), %

Proportion of patients ending up in 0.00 0.00 0.00 0.00

dead state post stroke 3 (from mild

stroke 2), %

Probability of third stroke when in 1.25 1.00 1.00 0.00

moderate state, %

Proportion of patients ending upin -~ 45.00  45.00 45.00 45.00 Calibrated
moderate state post stroke 3 (from

moderate stroke 2), %
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TABLE 41 Parameters used in stroke model (continued)

Value age (years)

Description of value 2-7 8-18 19-30 31+ Source Comments

Proportion of patients ending up 50.00 50.00 47.00 47.00 Calibrated
in severe state post stroke 3 (from

moderate stroke 2), %

Proportion of patients ending up 5.00 5.00 8.00 8.00

in dead state post stroke 3 (from

moderate stroke 2), %

Probability of third stroke when in 2.50 1.25 1.25 0.00

severe state, %

Proportion of patients ending up 90.00 90.00 85.00 85.00 Calibrated
in severe state post stroke 3 (from

severe stroke 2), %

Proportion of patients ending up 10.00 10.00 15.00 15.00 Calibrated
in dead state post stroke 3 (from

severe stroke 2), %

Probability of improving state post 0.00 0.00 0.00 0.00
third stroke after one cycle, %

Probability of moving to a worse 20.00 20.00 20.00 30.00 Calibrated Values for age 19-30+ years
state post third stroke after one were calibrated to reflect mean life
cycle, % expectancy of patient with SCD

NA, not applicable.

TABLE 42 Utility data used in the cost-effectiveness analysis

Value age (years)

Description of value 2-7 8-18 19-30 31+ Source Comments

Utility weight for patients with 0.22 0.22 Osborne (2007)% Osborne et al.® report data for patients
blood velocity of <200 cm/second with thalassaemia who undergo

per 3-month cycle (not loss) transfusion. Osborne identifies utility

weight in anchor state to be 0.8 (on
transfusion); we report 0.87 to exclude
impact on QoL associated with regular
transfusions. Assumption: patients
with thalassaemia on transfusion have
similar QoL to sickle cell patients

Pre-stroke on simple transfusion 0.02 0.02 0.02 0.02 Disutility increment

per 3-month cycle of 0.7 (~0.2 per
Pre-stroke on exchange 002 002 002 002  Cyle)istaken
transfusion per 3-month cycle f;%rg 70883(;; ne ;
2 Base
Pre-stroke on combined 0.02 0.02 0.02 0.02 (2007)

on communication
with D Rees, one
utility value used
for all types of ‘on

transfusion per 3-month cycle

transfusion’
Pre-stroke no transfusion 0.03 0.03 NA NA Assumption
(TCD>200cm/second) per
3-month cycle
Pre-stroke no transfusion (adult) NA NA 0.01 0.01
per 3-month cycle
Pre-stroke transfusion (adult) per NA NA 0.04 0.04 Assumption
3-month cycle
On oral chelation per 3-month -0.03 -0.03 -0.03 -0.03 Assumption

cycle
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TABLE 42 Utility data used in the cost-effectiveness analysis (continued)

Value age (years)

Description of value 2-7 8-18 19-30 31+ Source Comments

On injection chelation per 3-month  0.04 0.04 0.04 0.04 Osborne (2007) Part of transfusion state: ‘treatment

cycle with a once-daily oral iron chelator had
a mean (median) utility value that was
0.10 (0.13) (p<0.001) higher than the
anchor state.” 0.93 vs 0.8 (anchor)

Alloimmunised patient per 0 0 0 0 No evidence identified

3-month cycle

Pain crisis patient per 3-month 0.02 0.02 0.02 0.02

cycle

Acute chest syndrome patient per ~ 0.06 0.06 0.06 0.06 Assumption

3-month cycle

Mild state post first stroke per 0.03 0.03 0.03 0.03

3-month cycle

Moderate state post first stroke 0.08 0.08 0.08 0.08 Tengs (2001)7 used  Median utility associated with stroke

per 3-month cycle for mild and severe  reported by Tengs (2001)77 for minor

Severe state post first stroke per 013 013 013 0.13 stroke. The disutity  0.76, moderate 0.39, major 0.36

3-month cycle associated with strokes. Disultilities are calculated from

) moderate stroke ‘full health’ state presented above and

Mild state post second stroke per ~ 0.03 0.03 0.03 0.03 was the mid-point adjusted o 3-month cycles

3-month cycle between mild and

Moderate state post second stroke  0.08 0.08 0.08 0.08 severe stroke

per 3-month cycle

Severe state post second stroke 0.13 0.13 0.13 0.13

per 3-month cycle

Mild state post third stroke per 0.03 0.03 0.03 0.03

3-month cycle

Moderate state post third stroke 0.08 0.08 0.08 0.08

per 3-month cycle

Severe state post third stroke per 0.13 0.13 0.13 0.13

3-month cycle

NA, not applicable.

TABLE 43 Other parameters used in the model
Value age (years)

Description of value 2-7 8-18 19-30 31+ Source Comments

Probability of alloimmunisation 1.25 0.57 0.52 0.11 Vichinsky (1990)**  Alloimmunisation affects 20-25%

when on simple transfusion, % of patients on chronic transfusion.

Probability of alloimmunisation 0 057 052 0.1 Itis assumed that patients cannot

when on exchange transfusion, % be alloimmunised more than once.?

" : - Probabilities for each age group have
Probability of aII|0|mmun|sat|.0n 1.25 0.57 0.52 0.11 been adjusted, based on the number of
when on combined transfusion, % o

ycles
Proportion on oral chelation, % 80.0 80.0 78.0 68.0 Clinician survey
Proportion on injection chelation, 20.0 20.0 18.0 22.0 Clinician survey
%
Increase in frequency of 1.67 Personal After a stroke, the number of
transfusions/cycle post stroke communication transfusions increases to six
(first post-stroke cycle only) with D Rees

a As number of transfusions increases, so does the risk of become alloimmunised to more than one antibody, associated with cost of additional

blood matching.
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TABLE 44 Cost data used in the model (£2010)

Value age (years)

Description of value 2-7 8-18 19-30 31+ Source Comments

Cost of exchange 4722 Adams (1996) Cost of erythrocytapheresis

transfusion per cycle, £ used as proxy. Patients received
erythrocytapheresis approximately
every 4 weeks. Therefore, this
equates to 13 (52/4) transfusions
per year using annual cost for
transfusion therapy without chelation
of US$20,226 (range: US$17,078—
23,516). Adjusted to 3-monthly costs.
Converted using 1995 $/£ rate of
1.56 and uprated to 2010 prices

Cost of simple transfusion 2142 Adams (1996) Transfusion without chelation

per cycle, £ US$9175 (range: US$7704-10,450).
Annual costs. Adjusted to 3-monthly
costs. Converted using 1995 $/£ rate
of 1.56 and uprated to 2010 prices

Cost of combined 4722 Assumed to be equal to

transfusion per cycle, £ exchange transfusion

Cost of alloimmunisation 117 Salhalkar (2005)% Cost includes: 30 minutes of skilled

(incremental cost of technician time and extra CEK reagent

transfusion due to cost. Uprated to 2010 prices

alloimmunisation) per

cycle, £

Cost of treatment for mild 3737 Data provided by clinicians Cost includes: HDU (24 hours), one

post-stroke state per cycle via telephone interview. See  emergency exchange transfusion

(initial), £ calculations inTable 47 MRI on admission, physiotherapy
1hour x 2 per week, psychological
assessment 1hour x 2 per month
(over 1 month), hospital for 1 week

Cost of treatment for mild 327 Data provided by clinicians Cost includes: physiotherapy

post-stroke state per cycle via telephone interview. See 1 hour x 2 per week, psychological

(ongoing), £ calculations in Table 47 assessment 1hour x 2 per month
(over 1 month), MRI to follow up once
ayear

Cost of treatment for 8161 Data provided by clinicians Cost includes: HDU (5 days), one

moderate post-stroke state via telephone interview. See  emergency exchange transfusion

per cycle (initial), £ calculations in Table 47 MRI at admission, physiotherapy
1hour x 2 per week, psychological
assessment 1hour x 2 per month
(over 2 months), hospital for a week

Cost of treatment for 1649 Data provided by clinicians Costs includes: physiotherapy

moderate post-stroke state via telephone interview. See 1 hour x 2 per week, psychological

per cycle (ongoing), £ calculations in Table 47 assessment 1hour x 2 per month
(over 6 months), MRI to follow up once
ayear

Cost of treatment for severe 18,417 Data provided by clinicians ~ Cost includes: HDU (7 days), ventilator

post-stroke state per cycle via telephone interview. See  support 2-5 days, 1 emergency

(initial), £ calculations inTable 47 exchange transfusion MRI on
admission, hospital 1-2 weeks,
staffing costs for the care package
associated with a technology-
dependent child (PSSRU)*

Cost of treatment for severe ~ 6617 Data provided by clinicians Cost includes: MRI to follow up once a

post-stroke state per cycle
(ongoing), £

via telephone interview. See
calculations in Table 47

year (assumed to be equivalent to CT),
staffing costs for the care package
associated with a technology-
dependent child (PSSRU)*
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TABLE 44 Cost data used in the model (£2010) (continued)

Description of value

Value age (years)

2-7

8-18 19-30 31+ Source

Comments

Cost of chelation oral per
cycle, £

Cost of chelation injection
per cycle, £

Cost of pain crisis per
cycle, £

Cost of acute chest
syndrome per cycle, £

Cost of TCD scan per
cycle, £

172

1377

841

1815

50

1922 BNF&

1388 BNFes

Karnon (2000)'

Karnon (2000)®'

Communication with D Rees

3-months’ supply for 2- to 6-year-
olds: £786.6 [28 pills (250 mg)
@£235.20/pack]

3-months’ supply for those > 6 years
old: £1537.2 [28 pills (500 mg) @
£470.40/pack]

Includes monitoring: monthly
creatinine test and weekly neutrophil
count

3 months’ supply for 2- to
6-year-olds: 1950 mg=£17.04
(£4.26 per 500-mg vial). Dose for
children=30mg five times per week

3-months’ supply for =6 years:
3250mg=£27.69 (£4.26 per 500-
mg vial). Dose for adults=50mg five
times per week

Includes average cost of
administration via pump and balloon
infuser: £1359.90

Based on 1998 price of £1466 per
episode (7 days in hospital: normal).
Adjusted to assume 3-day stay.
Assumed inclusion of standard doses
of painkiller (paracetamol, ibuprofen,
morphine). Uprated to 2010 prices

Based on average of 1998 prices
of £2932 for a child and £3162 per
episode of acute chest syndrome.
Recalculated to assume 7 days in
hospital (7 days is normal but 5%
require 5 days in ITU) and uprated
to 2010 prices. Includes the cost
of exchange transfusion. This has
therefore been removed for 90% of
patients (assumes remaining 10%
require blood transfusion which is
exchange)

Cost for TCD scan charged at King’s
College Hospital, London, UK
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TABLE 45 Unit costs of post-stroke care (in £2010)

Unit cost of Unit cost of resources
resources (£)  Source Assumption converted to 2010 GBP

HDU (per day) 800 Noyes (2006)% 886
Hospital (normal) (per day) 209 Karnon (2000)%' 280
Ventilator support (per day) 800 Noyes (2006)% The same as being in HDU 886
Exchange transfusion 348 Karnon (2000)®' Using (average) cost of exchange 466

transfusion while in hospital so as not

to double count hospital overhead

costs which would occur if using ‘cost

of exchange transfusion’ parameter
MRI 252 NHS reference costs 252

2009-2010°"

Rehabilitation: physiotherapy, 1027 Two physiotherapy sessions per week 1057
psychological assessment and two psychological assessments

per month for 1 hour each
Staffing costs for the care package 25,480 PSSRU% Assumed equivalent to annual staffing 26,223
associated with a technology- costs for technology-dependent
dependent child (per year) children

TABLE 46 Resource use for stroke care in the first 3 months
Exchange Carer staffing
transfusion ~ MRI scan during first
Post-stroke  HDU Ventilator (no. at (no. at Rehabilitation post 3 months excluding
state (days)  Hospital (days) support (days) admission)  admission)  stroke (months) hospitalisation
Mild 1.00 7 0 1 1 1 0
Moderate 5.00 7 0 1 1 2 0
Severe 7.00 105 3.5 1 1 2 10 weeks of care
based on PSSRU%

Assumptions 10.5 is average 3.5 average of For the first month a

of 7-14 days
(clinical opinion)

2-5 days
(clinical opinion)

patient is either at a
hospital or too weak
for physiotherapy

In Table 47, resources from Table 46 are multiplied by £2010 prices in Table 45 (last column).

In Table 49, resources from Table 48 are multiplied by £2010 prices in Table 45 (last column).

Saka et al.* estimate direct cost of post-stroke treatment in the UK to be £4383M in the first

year. Annually, about 150,000 people in the UK suffer a stroke, which equals £29,220 or £34,011
in 2010 GBP per patient. In comparison, our model produces first year post-stroke care costs of
£18,862. Calculations are presented in Table 50.
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TABLE 47 Post-stroke treatment cost (£2010): first 3 months

Post-stroke state

Treatment Mild Moderate Severe
HDU 886 4429 6200
Hospital 1958 1958 2936
Ventilator support 0 0 3100
Exchange transfusion 466 466 466
MRI 252 252 252
Rehabilitation 176 1057 NA?
Staffing for a technology-dependent child (10 weeks) NA NA 5462.28
Total one-off 3-monthly costs 3737 8161 18,471

NA, not applicable.
a Rehabilitation costs for severely affected patients are included in staffing costs for a technology-dependent child (PSSRU).

TABLE 48 Resource use for ongoing post-stroke care (3-month cycle)?

Rehabilitation post
Post-stroke state  MRI (no. per cycle) stroke (months) Carer staffing post stroke after first 3 months
Mild 0.25 0.25 0
Moderate 0.25 15 0
Severe 0.25 3 Three months of integrated care provision as per PSSRU requirement
for technology-dependent children
Assumptions MRI performed once
ayear

a All post-stroke patients are on transfusion.

TABLE 49 Post-stroke treatment cost (£2010): ongoing 3-monthly costs

Costs (£)
Post-stroke state MRI Rehabilitation Full-time carer Ongoing 3-months’ costs
Mild 63 £264 0 327
Moderate 63 £1586 0 1649
Severe 63 NA 6554 6617

NA, not applicable.

TABLE 50 First year direct treatment costs of first stroke in patients with SCD

Post-stroke  Total one-off Ongoing 3-month  Total first post- Prevalence of first Weighted average cost of
state 3-monthly costs (£) costs (£) stroke year cost (£)  stroke outcomes (%) first stroke in year 1 (£)
Mild 3737 327 4718 21 1000

Moderate 8161 1649 13,108 40 5283

Severe 18,417 6617 38,268 33 12,628

Dead NA NA NA 6 0

Weighted average cost of first stroke across all age groups 18,862

NA, not applicable.
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Appendix 5

Clinicians’ questionnaire

1. Out of 100 SC patients who are on transfusion:
m  How many continue transfusions past the age of 18 years for the rest of their lives?
___ /100 patients
m  Other comments:

2. Table 1 presents data that we obtained on the method of transfusion. If you disagree please
fill out the last column (‘Your opinion’).

TABLE 1 Transfusion method

% Your opinion
Proportion of patients on simple transfusion 63
Proportion of patients on exchange transfusion 12
Proportion of patients on combined transfusion 25

Can we assume this (or your suggested) distribution for all age groups?

A Do the data apply to this age group? If no, what proportions of patients receive the following methods of transfusion?
ge group

(years) Yes No Simple Exchange Combined

2-7
8-18
19-30
31+

3. Table 2 presents data that we obtained on hospital admissions for sickle cell patients (NOT
due to stroke). If you disagree please fill out the last column (‘Your opinion’).
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TABLE 2 Hospital admission (average age 12 years old)

% Your opinion
Probability/year of hospital admission on transfusion 2.63
Probability/year of hospital admission off transfusion 439

The group on which these data were collected had a mean age of 12 years old. Can we assume
these probabilities for other age groups (2-7, 19-30, 31+ years)?

If no, what proportions of patients are hospitalised (not due to

Age group (years) Do the data apply to this age group? stroke/post-stroke complications) when:
Yes No On transfusion Off transfusion

-7

19-30

31+

4. Isthere a difference in occurrence of splenic sequestration among sickle cell patients when
on or off transfusion?

Yes/no
If yes, out of 100 patients, how many are likely to have splenic sequestration in any year?

a. On transfusion: ___ /100 patients
b. Off transfusion: ___ /100 patients.

Per patient, how many times/year splenic sequestration occurs when:

a. On transfusion: ___ /year
b. Off transfusion: ___ /year.

Are there differences in the likelihood of splenic sequestration between age groups?
Yes/no

If yes, please indicate the proportions of different age groups experiencing splenic
sequestration when on/off transfusion in the table below:

Proportion of patients experiencing splenic sequestration:

Age group (years) On transfusion Off transfusion

2—7 __ /100 patients __ /100 patients

8-18 __ /100 patients __ /100 patients

19-30 __ /100 patients __ /100 patients

31+ __ /100 patients __ /100 patients
Comments:

5. Per 100 transfusions, what proportion of patients become alloimmunised when on simple,
exchange or combined transfusion?
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TABLE 3 Alloimmunisation: % of sickle cell patients alloimmunised per year

Alloimmunisation when on %

Simple transfusion

Exchange transfusion

Combined transfusion

6. In Table 4, are the data that we obtained for age groups 2-6 years and 7-18 years on the
proportion of sickle cell patients on transfusion who are also on oral and injection chelation?
If you disagree please fill out the last column (“Your opinion’).

TABLE 4 Chelation types

Chelation types % Your opinion
Proportion on oral chelation (deferiprone/Exjade) 10
Proportion on injection chelation (desferroxamine) 90

Can we assume this distribution for other age groups?

Do the data apply to this age group? If no, what proportions of patients are on:
Age group (years) Yes No Oral chelation Injection chelation
19-30
31+
7. What is the non-stroke-related mortality rate for patients who are not on transfusion?
Specifically:
m  Of 100 patients not on transfusion and whose TCD scan is <200 cm/second, how many
are likely to die in each year (not due to stroke deaths only)?
___ /100 patients
m  Of 100 patients not on transfusion and whose TCD scan is >200 cm/second, how many
are likely to die in each year (not due to stroke deaths only)?
___ /100 patients.
m  How does the mortality rate vary between age groups?
Annual non-stroke-related deaths among 100 patients who are not on transfusion and whose:
Age group (years) TCD scan is <200 cm/second TCD scan is >200 cm/second
2-7 __ /100 patients __ /100 patients
8-18 __ /100 patients __ /100 patients
19-30 __ /100 patients __ /100 patients
31+ __ /100 patients __ /100 patients

Comments:
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8. Annual stroke rate: Out of 100 sickle cell patients on transfusion, within a one year period
how many would have their first stroke in the 19-30 age group and in the 31+ age group?

Age group (years) Annual stroke rate among 100 patients who are on transfusion
19-30 ___ /100 patients
31+ ___ /100 patients

Comments:

9. 16.4% of sickle cell patients aged 7-18 years per annum have a stroke when off transfusion
if their TCD is >200 cm/second. This figure drops to 2.4% for the same age group, also oft
transfusion, but with a TCD of <200 cm/second. What are the equivalent proportions for
sickle cell patients having a stroke each year for other age groups, off transfusion, and with
TCDs of >200 cm/second and <200 cm/second?

Annual stroke rate among 100 patients who are off transfusion and:

Age group (years) TCD scan is <200 cm/second TCD scan is >200cm/second

-7 __ /100 patients __ /100 patients

8-18 2.4/100 patients 16.4/100 patients

19-30 __ /100 patients __ /100 patients

31+ __ /100 patients __ /100 patients
Comments:

10. Table 5 provides data on the outcome of stroke for the 7-18 age group. If you disagree please
fill out the last column (“Your opinion’).

For the purpose of this study, stroke outcomes have been defined as follows:
®m  mild minor health impact (minor stroke)
m  moderate temporary disability, some complications post stroke (minor stroke)

m  severe permanent disability, severe complications post stroke (major stroke).

Note: Definitions of states: http://stroke.ahajournals.org/cgi/content/short/32/6/1425

TABLE 5 One-year stroke outcomes, 7- to 18-year-olds

Outcome post first stroke % of patients Your opinion
Mild 18
Moderate 45
Severe 36
Death 0
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Given the above estimates for stroke outcomes for 7- to 18-year-olds, what outcomes would be
expected for other age groups?

Outcome, 1 year post stroke (%)

Age group (years) Mild Moderate Severe Death
2-7

8-18 18 45 36 0
19-30

31+
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Appendix 6

Responses to clinicians’ questionnaire
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Appendix 7

Calculation of model outputs

Model outputs

Incremental cost
Incremental cost (iC) = CtI - CtC

where:

m  Ctl=cost of treatment (intervention)
m CtC=cost of treatment (non-intervention)

and:

Ctl =3[SPL % (SC,+ T x TC_+ G, x GC) + NSI, x (T;x TC_+ G, X GC, +55))]
CtC=X[SPC,;x (SC +T,x TCfg +G, xGC,) +NSC, x (T, x TCfg +G, xGC, +8S)]
where:

SPI, ,=number of patients who have had at least one stroke in state b in cycle d

NSI, =number of patients with no previous strokes in cycle d

SC, = cost of stroke treatment

T, = probability of transfusion of type f

TC, = cost of transfusion, type f (simple, exchange, combined), depending on whether old or
new stroke (g)

G, = probability of complication & when on transfusion type f

®  GC, =cost of complication h

m  SS =cost of TCD scan in cycle d, depending on previous TCD result (i).

Strokes avoided
Strokes avoided (SA)=nCC-nCI

where:

= nCC=number of strokes in non-intervention [nCC=(XPC, xS )]

®  nCI=number of strokes in intervention [nCI=(XPI, ;xS )]

where:

= PC, =number of patients in the age group a and state (mild/moderate/bad/dead) b who
have had c strokes in cycle d (PI,_,=patients in intervention group)

m S, =probability of strokes for patients in the age group a and state (mild/moderate/bad/
dead) b who have had c strokes, post-stroke state e.
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Cost per stroke avoided
Cost per stroke avoided (CPSA) =SA /iC,

where:

SA,=the difference in the number of strokes avoided in the non-intervention scenario
compared with the intervention scenario in period d

iC,=the difference in cost in the intervention scenario compared with the non-intervention
scenario in period d.

Incremental quality-adjusted life-year
Incremental quality-adjusted life-year (IQALY) = QALYlc- QALYli

where:

QALYIc=QALY loss (non-intervention)

=2[SPC % (sQALY, + T, xtQALY + G, xgQALY,) + NSC,x (T, x tQALY + G, x gQALY,)]

QALYli = QALY loss (intervention)

=X[SPI % (sQALY, + T, x tQALY + G, X gQALY,) + NSI x (T;xtQALY + G, x gQALY,)]

where:

SPI, ,=number of patients in the intervention arm who have had at least one stroke in state b
in cycle d

SPC, ,= number of patients in the non-intervention arm who have had at least one stroke in
state b in cycle d

NSI,=number of patients with no previous strokes in cycle d in the intervention arm
NSC,=number of patients with no previous strokes in cycle d in the non-intervention arm
SQALY, = QALY loss from stroke treatment, state b

T, = probability of transfusion of type f

tQALY, = QALY loss from transfusion, type f (simple, exchange, combined)

G, .= probability of complication & when on transfusion type f

8QALY, =QALY loss for complication h.

Incremental cost-effectiveness ratio
ICER=iQALY /iCost,

where:

iQALY, =the difference in QALY loss in the intervention scenario compared with the non-
intervention scenario in period d

iCost,=the difference in cost in the intervention scenario compared with the non-
intervention scenario in period d.
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Appendix 8

Outputs of sensitivity analyses

(@ 31,000 -
27,000 -
g
o
i
Q 23,000 -
19,000 T T )
0.00 0.05 0.10 0.15
3-month probability of death (%)
(b) 240,000+
220,000
a 200,000+
<
¢ 180,000
O
160,000+
140,000 T T T
0.00 0.05 0.10 0.15

3-month probability of death (%)

FIGURE 15 Varied parameter: 3-month probability of death when not on transfusion and TCD scan is <200cm/second
(not due to stroke). (a), ICER; (b), CPSA.
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FIGURE 16 Varied parameter: 3-month probability of death when TCD scan is >200cm/second (not due to stroke)
while off transfusion. (a), ICER; (b), CPSA.
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FIGURE 17 Varied parameter: 3-month probability of death when TCD scan is >200cm/second (not due to stroke)
while on transfusion. (a), ICER; (b), CPSA.
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FIGURE 18 Varied parameter: probability of first stroke when on transfusion and TCD is >200cm/second (2-7 years
age group). (a), ICER; (b), CPSA.
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FIGURE 19 Varied parameter: probability of first stroke when off transfusion and TCD is >200cm/second (2-7 years
age group). (a), ICER,; (b), CPSA.
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FIGURE 20 Varied parameter: 3-month probability of first stroke when on transfusion and TCD is>200cm/second
(8-18 years age group). (a), ICER; (b), CPSA.
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FIGURE 21 Varied parameter: probability of first stroke when off transfusion and TCD is >200cm/second (8-18 years
age group). (a), ICER; (b), CPSA.
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FIGURE 22 Varied parameter: probability of first stroke when on transfusion and TCD is >200cm/second (19-30 years
age group). (a), ICER,; (b), CPSA.
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FIGURE 23 Varied parameter: probability of first stroke when off transfusion and TCD is >200 cm/second (19-30 years
age group). (a), ICER,; (b), CPSA.
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FIGURE 24 Varied parameter: probability of first stroke when on transfusion and TCD is >200cm/second (31+ years
age group). (a), ICER,; (b), CPSA.
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FIGURE 25 Varied parameter: probability of first stroke when off transfusion and TCD is >200cm/second (31+ years
age group). (a), ICER; (b), CPSA.
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FIGURE 26 Varied parameter: probability of moving to a worse state post first stroke after one cycle. (a), ICER;
(b), CPSA.
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FIGURE 27 Varied parameter: cost of treatment for mild post-stroke state (initial). (a), ICER; (b), CPSA.
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FIGURE 28 Varied parameter: cost of treatment for moderate post stroke state (initial). (a), ICER; (b), CPSA.
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FIGURE 29 Varied parameter: cost of treatment for severe post-stroke state (initial). (a), ICER; (b), CPSA.
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FIGURE 30 Varied parameter: cost of treatment for severe post-stroke state (ongoing). (a), ICER; (b), CPSA.
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FIGURE 31 Probability of staying on transfusion until 18 years if TCD scan is >200cm/second. (a), ICER; (b), CPSA.
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FIGURE 32 Varied parameter: utility loss per 3-month cycle of those pre-stroke TCD scan is >200cm/second and no
transfusion compared with those with TCD scan <200 cm/second (changing the utility value has no impact on CPSA).
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FIGURE 33 Varied parameter: decrease in relative risk of SCD complications between those on transfusion and those
off transfusion. (a), ICER; (b), CPSA.
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FIGURE 34 Varied parameter: incremental cost of transfusion for alloimmunised patients. (a), ICER; (b), CPSA.
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FIGURE 35 Varied parameter: percentage increase in cost of chelation (oral and injection). (a), ICER; (b), CPSA.
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FIGURE 36 Varied parameter: percentage increase in cost of transfusion (simple, exchange, combined).
(@), ICER; (b), CPSA.
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FIGURE 37 Varied parameter: probability of death in adults not due to stroke on and off transfusion (age 19-30 years).
(@), ICER; (b), CPSA.
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FIGURE 38 Varied parameter: probability of death in adults not due to stroke on and off transfusion (age 31+ years).
(@), ICER; (b), CPSA.
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FIGURE 39 Varied parameter: probability TCD scan is <200 cm/second per cycle. (a), ICER; (b), CPSA.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Cherry 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.



112 Appendix 8

60,000 -
50,000 -
40,000 -
30,000 -

ICER (£)

20,000 H
10,000 -

0 : : ; : : .
003 -002 -001 000 001 002 003

Disutility associated with oral chelation per cycle

FIGURE 40 Varied parameter: disutility associated with oral chelation per cycle.

26,000 -
25,000 -
24,000 -

23,000 -

ICER (8)

22,000 -

21,000 i . . .
-0.02 0.00 0.02 0.04 0.06

Disutility associated with injection chelation per cycle

FIGURE 41 Varied parameter: disutility associated with injection chelation per cycle.
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The clinical and cost-effectiveness of primary stroke prevention in patients with sickle
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Correspondence to:

Rumona Dickson, Dr
Director, LRiG
University of Liverpool
Whelan Building

The Quadrangle
Brownlow Hill
Liverpool

L69 3GB

Tel: +44 (0) 151 794 5682/5067
Fax: +44 (0)151 794 5821
Email: R.Dickson@liv.ac.uk
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Plain English summary
Sickle cell disease (SCD) is an inherited disorder characterised by unpredictable episodes of acute
illness and chronic organ damage. Sickle cell disease is now the most common genetic condition
in the UK, affecting approximately 1 in every 2000. Sickle cell anaemia (SCA) is the most
common type of sickle cell disease, which occurs when the sickle mutation is inherited from both
parents. Nearly all studies of stroke and SCD have involved people with SCA. Rates of stroke in
individuals with SCA are higher than the general population, with risk of stroke estimated at 0.7
per 100 patient years at age 5 years, 2.7 at age 10 years, 4.3 at age 15 years and 12.8 at age 20 years.

Transcranial Doppler (TCD) ultrasonography can be used to identify children at high risk of
stroke by measuring blood velocity in the brain. Approximately 10% of children who have blood
velocity of >200/second go on to suffer a stroke within a year. In order to identify those at high
risk of stroke, TCD ultrasound screening is now recommended for children between the ages

of 2 and 16 years who have SCA and no previous history of stroke. Treatment to prevent stroke,
which in the UK is regular blood transfusions, may then be offered to children considered to be
at high risk.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Cherry 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.



114 Appendix 9

This review aims to assess whether or not primary stroke prevention strategies for use in children
with SCA are clinically useful. The review will compare treatment with blood transfusions and
treatment with hydroxycarbamide with no intervention and/or with each other. If suitable data
are available, the review will also consider the cost-effectiveness of TCD ultrasound screening to
identify children at high risk of stroke, and their subsequent treatment.

Decision problem
Clarification of research question and scope
From early infancy, children with SCA and a less common type of sickle cell disease due to the
co-inheritance of the sickle mutation with severe  thalassaemia (HbS/B° thalassaemia) are at
increased risk of stroke compared with the general population; without intervention 1 in 10
children will have had a stroke by the age of 20 years. The aim of this report is to assess the
clinical effectiveness and cost-effectiveness of primary stroke prevention strategies for use in
children with SCA who are at high risk of stroke as identified by TCD ultrasound. The primary
stroke prevention strategies considered will be treatment with blood transfusion and treatment
with hydroxycarbamide.

Background

Sickle cell disease is a recessive genetic blood disorder, caused by a mutation in the 3 globin
gene. This results in an altered haemoglobin molecule which polymerises when deoxygenated
and damages red cells, which adopt the characteristic sickle shape. Their abnormal shape and
decreased flexibility may obstruct small blood vessels, reducing the amount of oxygen delivered
to lungs and other tissues, and causing vascular endothelial damage. There are several types of
SCD, ranging from severe types (SCA and HbS/p thalassaemia) to less severe forms such as
HbSC disease and HbS/B*thalassaemia. Nearly all the evidence on stroke in sickle cell disease
refers to SCA and to a lesser extent HbS/B° thalassaemia.

Epidemiology

Sickle cell disease is now the most common genetic condition in England, affecting more than 1

in 2000 live births.! In England, screening for SCD was introduced between September 2003 and
July 2006.% Screening takes place as part of the newborn dried blood-spot screening programme

between 5 and 8 days after birth. All babies, regardless of ethnicity, are offered screening.?

Streetly et al.® estimated the prevalence of SCD in the UK to be between 3 per 1000 children
(1:330 babies with a positive result) in the south-east of London to 0.12 per 1000 children
(1:8333 babies with positive result) in Cumbria and Lancashire. Overall, the prevalence rate for
the UK was estimated to be 1 : 2000. Babies reported as Black African made up 4% of total births,
yet represented 61% of all suspected SCD. Prevalence in Black African babies was 145 per 1000
children (1:7), in comparison with 1.85 in 1000 children reported as White British (1:540).?

A major complication of SCD is cerebrovascular disease, which can result in overt stroke.
Without a primary prevention programme, rates of overt stroke in people with SCD are higher
than in the general population. Data from the USA indicate that the childhood incidence of
stroke in those with SCA is 1.02 per 100 patient years in children aged between 2 and 5 years, and
0.68 per 100 patient years in children aged between 6 and 9 years,* with stroke in all individuals
with SCD averaging 0.61 per 100 patient years. The Baltimore-Washington Cooperative Young
Stroke Study® identified all children aged 1 to 14 years in Maryland and Washington DC with

a diagnosis of ischaemic stroke and intracerebral haemorrhage between 1988 and 1991. They
estimated the incidence of stroke among children with SCD to be 0.28% or 285 per 100,000
children per year. Stroke incidence in children without SCD has been estimated at 2.3 per
100,000 children per year.® Quinn and Miller” calculated that by 18 years of age 11% of children
with SCD will have suffered a clinically overt stroke and a further 20% will have a clinically ‘silent’
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stroke. Data for the UK on stroke rates in children with SCD are not readily available but there
is no reason to anticipate that they are significantly different to rates reported from the USA. A
longitudinal study by Telfer et al.® followed a neonatal UK cohort of 252 children with SCD from
1983 to 2005, and found incidence of first stroke to be 0.3 per 100 years. Estimated risk of stroke
was 0.7% per 100 years at age 5 years, 2.7% at age 10 years, 4.3% at age 15 years and 12.8% at age
20 years.

Current diagnostic options

Transcranial Doppler (TCD) ultrasonography is a non-invasive technique which measures local
blood velocity and direction in the proximal portions of large intracranial arteries. Screening
with TCD ultrasonography allows for the identification of individuals with high cerebral blood
velocity rates, thereby identifying children at highest risk of stroke. Children with TCD cerebral
blood velocity rates of >200 cm/second have a stroke rate of at least 10% per year.’ The reported
advantages and disadvantages of the use of TCD ultrasonography for identification of risk of early
stroke in children'® are listed in Table 1.

There are 55 centres in the UK that currently offer TCD screening. The uptake of stroke screening
nationally in children with SCD is not known, but figures provided by the North Middlesex
University Hospitals NHS Trust indicate that >90% of children who are offered screening accept
and are screened (personal communication with M Roberts-Harewood, 2011). The reported
advantages and disadvantages® of the use of TCD ultrasonography for identification of risk of
early stroke in children are listed in Table 2.

Current treatment options

Blood transfusion

At present, the primary prevention strategy for stroke resulting from SCD in both adults and
children is through regular blood transfusions. The standard therapeutic goal of regular blood
transfusions is to reduce the sickle haemoglobin to less than 30% of the total haemoglobin'' and
to maintain a haemoglobin greater than about 9 g/dl. Transfusions can take several forms, such
as transfusions of packed red blood cells every 3 to 4 weeks, or the use of apheresis to remove
blood whilst adding donor red cells. Following 3 years of blood transfusion therapy, maintenance

TABLE 1 Time averaged maximal mean velocity risk limit cut-offs

Normal velocity: ‘standard risk’ <170cm/s
Borderline velocity: ‘conditional risk’ 170-199cm/s
High velocity: ‘high risk’ >200cm/s

TABLE 2 Advantages and disadvantages of TCD ultrasonography

Advantage Disadvantage

Can be performed at the bedside Operator dependent, so requires skill and experience in interpretation

Gives immediate information as to intracerebral vasculature Can be technically difficult due to poor acoustic window

Can be easily repeated Only allows for examination of cerebral blood volume in certain
segments of large intracranial vessels

Is reported to be less expensive than other techniques, such as direct Detects indirect effects (such as abnormal waveform characteristics) of

imaging lesions?

Does not use contrast agents, therefore avoiding allergic reactions and More valuable in specific conditions?
decreases patient risk

High temporal resolution Does not detect all children at increased risk of stroke
Safe and non-invasive procedure
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of sickle haemoglobin at < 50% may then be sufficient to prevent future stroke'? although there
is no direct evidence to support this. It is estimated that approximately 67% of children will have
second overt strokes without transfusion therapy.”* However, it is likely that, despite receiving
regular blood transfusion therapy, between 17.5% and 20% of children will suffer a second overt
stroke.'*"

Only one randomised controlled trial (RCT), and its subsequent follow up, has specifically
compared chronic transfusion with standard care (transfusion only when clinically needed) in
children with SCD who had abnormal TCD ultrasound results. The Stroke Prevention Trial in
Sickle Cell Anemia (STOP)' trial reported a statistically significant difference in stroke rates

in the treatment group compared with the standard care group, whereas STOP 2" found a
statistically significant increase in stroke rates when transfusion treatments were discontinued.
These findings provided the evidence to support the use of TCD ultrasound screening to identify
individuals at high risk of stroke as recommended by the NHS Screening Programmes in 2009."

It should be noted that iron overload inevitably accompanies regular blood transfusion, and iron
chelation treatment is typically necessary after about 12 months of transfusion. Current licensed
chelation treatments include deferoxamine, deferiprone and deferasirox.

Hydroxycarbamide

Hydroxycarbamide (or hydroxyurea) increases the concentration of foetal haemoglobin, and
is used to reduce painful episodes in adults with SCD. Hydroxycarbamide is licensed for use
in adults with SCD, but is not yet approved for use in children. A recent systematic review
considered all published literature on the efficacy, effectiveness and toxicity of hydroxycarbamide
in children with SCD, and found an increase in foetal haemoglobin from 5-10% to 15-20% on
hydroxycarbamide. Haemoglobin concentration increased modestly (~1g/L) but significantly
across studies. Hydroxycarbamide also decreased hospitalisation from 87% to 56%. Data from
non-randomised clinical series suggest that hydroxycarbamide might be an alternative to
transfusion for primary stroke prevention® and may reduce the risk of stroke in children with
SCD. The Royal College of Physicians recommend that children with SCD who cannot receive
blood transfusions because of alloimmunisation, autoantibody formation or non-compliance
with transfusion or chelation may be considered for treatment with hydroxycarbamide.'?

The clinical effectiveness of treatment with hydroxycarbamide is currently being assessed

in the TWiTCH?"* trial in the USA. In this Phase III clinical trial, children with sickle cell
anaemia at high risk of primary stroke and are treated with blood transfusions will either
receive hydroxycarbamide or continue with their transfusion regimen. The purpose of the trial
is to compare blood transfusions with hydroxycarbamide on a number of important outcomes,
including the prevention of primary stroke. Unfortunately, the results of this trial will not be
available during the lifetime of this review.

Current guidelines
A clinical alert issued in 1997 by the National Heart, Lung and Blood Institute (NHLBI) in the
USA,» recommends that children with SCA and HbS/ 3 thalassaemia SCD, with no previous
history of stroke and who are between the ages of 2 and 16 be screened using TCD ultrasound
to identify those with high cerebral blood velocity rates, and therefore increased risk of stroke.
This recommendation was based on the results of the STOP'® trial. The NHLBI further advocates
considering transfusion for children who have received two abnormal TCD ultrasound results, as
a preventative measure for stroke.?

A second alert, based on the findings of STOP 2," was issued in 2004.” This recommended that
blood transfusions be continued to reduce the rate of strokes in children with SCD until at least
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3 years. The Special Writing Group of the American Heart Association Stroke Council and the
Council on Cardiovascular Disease in the Young have since advised that transfusion be continued
for at least 5 years or until the child is 18 years old.**

In March 2009, the NHS Antenatal and Newborn Screening Programme produced guidelines
on the management of stroke in children with SCA and HbS/B°thalassaemia.'® These guidelines
(based on a combination of a review of the literature and clinical expert opinion) state that
children and young adults with SCA and HbS/thalassaemia should be offered annual TCD
ultrasound scans from the age of 2 years until at least the age of 16 years. Children should be
classified as either ‘high risk] ‘conditional’ or ‘standard risk’ in line with the results of the STOP'®
study (Table 3).

The NHS Antenatal and Newborn Screening Programme guidelines further state that children
with ‘high risk’ and ‘conditional’ TCD scans should have them repeated within 2 months and
the benefits of receiving regular blood transfusions should be discussed with parents for those
children remaining at high risk. Primary stroke prevention treatment following a second high
velocity reading is transfusion continued throughout childhood.'

Recent guidelines published by the Royal College of Physicians in the UK endorse annual
imaging using TCD ultrasound scanning of children with SCD from the age of 3 years.'?

Objectives of the HTA project
The aim of this review is to assess the clinical effectiveness and cost-effectiveness of primary
stroke prevention treatments in children with SCD, identified to be at high risk of stroke
following TCD ultrasonography. The review will consider the effectiveness of primary stroke
prevention treatment, treatment with blood transfusion and treatment with hydroxycarbamide,
for the prevention of stroke in children with SCD who are identified to be at high risk of stroke.
The review will also examine the existing health economic evidence and identify the key
economic issues related to primary stroke prevention treatment in clinical care for this group of
patients. If suitable data are available, an economic model will be developed and populated to
evaluate the cost-effectiveness of primary stroke prevention treatments within the NHS.

Methods for synthesising clinical effectiveness evidence

Search strategy
The major electronic databases including MEDLINE, EMBASE and The Cochrane Library will
be searched for relevant published literature. Information on studies in progress, unpublished
research or research reported in the grey literature will be sought by searching a range of relevant
databases including National Research Register and Controlled Clinical Trials.

Bibliographies of previous systematic reviews and retrieved articles will also be examined. A
database of published and unpublished literature will be assembled from systematic searches of
electronic sources, hand searching, and consultation with experts in the field. The database will
be held in the EndNote X4 software package.

TABLE 3 Time averaged maximal mean velocity risk limit cut-offs

Normal velocity: ‘standard risk’ <170cm/second
Borderline velocity: ‘conditional risk’ 170 to 200 cm/second
High velocity: ‘high risk’ > 200 cm/second
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Inclusion criteria
The inclusion criteria specified in Table 4 will be applied to all studies after screening.

Study selection

The citations identified by the search strategy will be assessed for inclusion through two stages.
Firstly, two reviewers will independently screen all relevant titles and abstracts identified via
electronic searching to identify potentially relevant studies for inclusion in the review. Secondly,
full text copies of these potentially relevant studies will be obtained and assessed independently by
two reviewers using the inclusion criteria outlined in Table 4. Any disagreements between reviewers
will be resolved by discussion at each stage and, if necessary, a third reviewer will be consulted.

Studies that do not meet the inclusion criteria will be excluded and their bibliographic details
listed with reasons for exclusion. Ongoing studies that do not report relevant outcomes but meet
the inclusion criteria will be listed for future use. In the event that data from RCTs are missing or
limited, data from non-randomised studies may be used. The identification and use of such data
will be described in the final report.

Data extraction strategy

Data relating to study design, findings and quality will be extracted by one reviewer and
independently checked for accuracy by a second reviewer. Study details will be extracted using a
standardised data extraction form. If time permits, attempts will be made to contact authors for
missing data. Data from studies presented in multiple publications will be extracted and reported
as a single study with all relevant other publications listed.

Quality assessment strategy

The quality of the clinical-effectiveness studies will be assessed according to criteria based on the
CRD’s guidance for undertaking reviews in healthcare.®* The quality of the individual clinical-
effectiveness studies will be assessed by one reviewer, and independently checked for agreement
by a second. Disagreements will be resolved through consensus and, if necessary, a third reviewer
will be consulted.

TABLE 4 Inclusion criteria (clinical effectiveness)

Population

Intervention
Setting

Comparator
Outcomes

Study design

Children

Under 16 years

With sickle cell anaemia and HbS/° thalassaemia
Identified to be at high risk of stroke on TCD ultrasonography
Blood transfusion

Hydroxycarbamide

Secondary care

No intervention or with each other

Any one of the following outcomes:

= Incidence of stroke

= Incidence of vasculopathy

= |ncidence of other major complications, e.g. prevalence and degree of disability from stroke; prevalence of iron overload;
associated morbidity

= Frequency and duration of hospitalisation
= Quality of life
= Other major adverse events, e.g. alloimmunisation; infection with blood-borne pathogens; transfusion of wrong components

RCT and systematic review. Cohort (prospective and retrospective) data will be considered in the absence of RCTs and systematic
reviews
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Methods of analysis/synthesis

The results of the data extraction and quality assessment for each study will be presented

in structured tables and as a narrative summary. The possible effects of study quality on the
effectiveness data and review findings will be discussed. All summary statistics will be extracted
for each outcome and where possible, data will be pooled using a standard meta-analysis.”
Heterogeneity between the studies will be assessed using the I* test.”” Both fixed and random
effects results will be presented as forest plots.

Methods for synthesising cost-effectiveness evidence

The economic section of the report will be presented in two parts. The first will include a
standard review of relevant published economic evaluations. If appropriate, and data are
available, the second part will include the development of an economic model. The model will be
designed to estimate the cost-effectiveness of primary stroke prevention in children with SCD.
This section of the report will also consider budget impact and will take account of available
information on current and anticipated patient numbers and service configuration for the
treatment of this condition in the NHS.

Systematic review of published economic literature
The literature review of economic evidence will identify any relevant published cost-
minimisation, cost-effectiveness, cost-utility and/or cost-benefit analyses.

Search strategy

The search strategies detailed in Methods for synthesising clinical effectiveness evidence will be
adapted accordingly to identify studies examining the cost-effectiveness of primary stroke
prevention treatments in children with SCD identified to be at high risk of stroke using TCD.
Other searching activities, including electronic searching of online health economic journals and
contacting experts in the field, will also be undertaken. Full details of the search process will be
presented in the final report. The search strategy will be designed to meet the primary objective
of identifying economic evaluations for inclusion in the cost-effectiveness literature review.

At the same time, the search strategy will be used to identify economic evaluations and other
information sources which may include data that can be used to populate a de novo economic
model where appropriate. Searching will be undertaken in MEDLINE and EMBASE as well as in
The Cochrane Library, which includes the NHS Economic Evaluation Database (NHS EED).

Inclusion and exclusion

In addition to the inclusion criteria outlined in Table 4, specific criteria required for the cost-
effectiveness review are described in Table 5. Typically, only full economic evaluations that
compare two or more options and consider both costs and consequences would be included

in the review of published literature. However, as it is anticipated that there will be a dearth of
relevant economic studies, partial economic evaluations will also be reviewed. Studies that do not
meet the criteria for inclusion will be excluded and their bibliographic details listed with reasons
for exclusion.

Data extraction strategy

Data relating to both study design and quality will be extracted by one reviewer and
independently checked for accuracy by a second reviewer. Disagreement will be resolved through
consensus and, if necessary, a third reviewer will be consulted. If time constraints allow, attempts
will be made to contact authors for missing data. Data from multiple publications will be
extracted and reported as a single study.
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TABLE 5 Additional inclusion criteria (cost-effectiveness)

Study design

Outcomes

Full economic evaluations that consider both costs and consequences (cost-effectiveness analysis, cost-utility analysis, cost-
minimisation analysis and cost-benefit analysis)

Partial economic evaluations (cost analyses, cost consequence studies, burden of illness studies, etc.)
Incremental cost per stroke averted

Incremental cost per life year gained

Incremental cost per quality adjusted life year gained

Quality assessment strategy

The quality of the cost-effectiveness studies/models will be assessed according to a checklist
updated from that developed by Drummond et al.?® This checklist will reflect the criteria

for economic evaluation detailed in the methodological guidance developed by NICE.? The
quality of the individual cost-effectiveness studies/models will be assessed by one reviewer, and
independently checked for agreement by a second. Disagreements will be resolved through
consensus and, if necessary, a third reviewer will be consulted. The information will be tabulated
and summarised within the text of the report.

Methods of analysis/synthesis

Cost-effectiveness review of published literature
Individual study data and quality assessment will be summarised in structured tables and as a
narrative description. Potential effects of study quality will be discussed.

Development of a de novo economic model by the AG

Cost data

The primary perspective for the analysis of cost information will be the NHS. Cost data will
therefore focus on the marginal direct health service costs associated with the intervention. If
evidence indicates that a societal perspective is required to credibly value all important costs and
outcomes, this will be explored and presented in the sensitivity analysis.

Quantities of resources used will be identified from consultation with experts, primary data from
relevant sources and the reviewed literature. Where possible, unit cost data will be extracted from
the literature or obtained from other relevant sources (drug price lists, NHS reference costs and
Chartered Institute of Public Finance and Accounting cost databases).

Where appropriate, costs will be discounted at 3.5% per annum, the rate recommended in NICE
guidance to manufacturers and sponsors of submissions.”

Assessment of benefits
A balance sheet will be constructed to list benefits and costs arising from alternative treatment
options. LRiG anticipates that the main measures of benefit will be increased QALYs.

Where appropriate, effectiveness and other measures of benefit will be discounted at 3.5%, the
rate recommended in NICE guidance to manufacturers and sponsors of submissions.”

Modelling

The ability of LRiG to construct an economic model will depend on the data available. Where
modelling is appropriate, a summary description of the model and a critical appraisal of key
structures, assumptions, resources, data and sensitivity analysis (see Sensitivity analysis) will be
presented. In addition, LRiG will provide an assessment of the model’s strengths and weaknesses
and discuss the implications of using different assumptions in the model. The time horizon will
be a patient’s lifetime in order to reflect the chronic nature of the disease.
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A formal combination of costs and benefits will also be performed, although the type of
economic evaluation will only be chosen in light of the variations in outcome identified from the
clinical-effectiveness review evidence.

Typically, the results of an economic evaluation are presented as incremental cost per QALY
ratios; however, a rapid review of the literature reveals that it is unlikely that useful QALY data are
currently available from the published literature. If, after further exploration of the literature, it is
clear that sufficient data are not available to construct cost per QALY estimates with reasonable
precision, incremental cost-effectiveness analysis (for example using incremental cost per stroke
avoided or cost per life year gained) or cost-minimisation analysis will be undertaken.

Sensitivity analysis

If appropriate, sensitivity analysis will be applied to LRiG’s model in order to assess the
robustness of the results to realistic variations in the levels of the underlying parameter values
and key assumptions. Where the overall results are sensitive to a particular variable, the
sensitivity analysis will explore the exact nature of the impact of variations.

Imprecision in the principal model cost-effectiveness results with respect to key parameter
values will be assessed by use of techniques compatible with the modelling methodology
deemed appropriate to the research question and to the potential impact on decision making for
specific comparisons (e.g. multi-way sensitivity analysis, probabilistic sensitivity analysis, cost-
effectiveness acceptability curves, etc).

Expertise in this TAR team and competing interests of authors

The Liverpool Reviews and Implementation Group (LRiG) was established at the University

of Liverpool in April 2001. It is a multi-disciplinary research group whose purpose, in the first
instance, is to conduct Technology Assessment Reviews commissioned by the HTA programme.
The team has substantial expertise in systematic reviewing, literature searching, assessing clinical
outcomes, economic modelling and health economics, and is well practised in applying this
expertise to health technology evaluations. This TAR team will be made up of the following
individuals listed below:

Team lead/clinical systematic reviewer Janette Greenhalgh

Senior economic modeller Matrix Evidence

Systematic reviewer (clinical) Gemma Cherry

Systematic reviewer (economics) Angela Boland

Economic modeller Matrix Evidence

Information specialist Yenal Dundar

Medical statistician James Oyee/Michaela Blundell

Director Rumona Dickson

Clinical advisor David Rees, Consultant Haematologist (King’s College Hospital NHS Foundation Trust)

A team of clinical experts and patient groups will be established to address clinical questions
related to the technologies and to provide feedback on drafts of the final report.

No member of the research team has any competing interests to declare. Any competing interests
relating to the external reviewers will be declared in the final report.
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Project milestones

Milestone Date
Finalisation of protocol March 2011
Literature searches March 2011
Article screening March 2011
Data extraction April 2011
Quality assessment April 2011
Data analyses May 2011
Economic model development May 2011
Final draft of report for peer review July 2011
Submission of final report August 2011
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