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2. BACKGROUND

2.1 Existing research

The NHS Health Technology Assessment (HTA) systematic review of atopic eczema
treatments included a chapter on the evidence base for non-pharmacological
interventions'. This failed to identify any trials evaluating the use of water softeners for
patients with atopic eczema. The only trials of possible relevance were an inconclusive
trial looking at the benefits of salt baths, and another that examined the use of biological
versus non-biological washing powders. This search was updated in 2006 and no new
references were found.

There is epidemiological evidence linking increasing water hardness with increasing
atopic eczema prevalence. This was first demonstrated by the current research team in an
ecological study published in The Lancet of 4141 randomly selected primary school
children in the Nottingham area *. The 1-year period prevalence of eczema was 17.3% in
the hardest water category and 12.0% in the lowest (odds ratio of 1.54, 1.19-1.99 after
adjustment for confounders). Similar results have recently been found in Japan °.

If the above associations are true, a number of plausible mechanisms can be forwarded to
suggest why hard water could exacerbate eczema. Perhaps the most likely explanation is
increased soap usage in hard water areas; the deposits of which can cause skin irritation
in eczema sufferers. A direct chemical irritant effect from calcium and magnesium salts is
also possible, or an indirect effect of enhanced allergen penetration from skin barrier
disruption.

2.2 Hypothesis

* That the installation of an ion-exchange water softener will help to relieve the
symptoms of eczema in children with moderate to severe eczema.

* That the installation of an ion-exchange water softener will result in cost implications
to both patients and the NHS.

2.3 Benefit / risk assessment

This is very low risk trial as the intervention is non invasive with no known clinical side
effects. Participants simply receive softened water for bathing and washing of clothes.
Drinking water will remain unchanged.

The water softening units will be installed by a qualified water engineer according to the
Code of Practice produced by British Water.
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The unit to be used is a generic version of a commercially available unit which has been
encased in a generic outer box in order to prevent commercial advantage for any
individual water softener supplier. lon-exchange technology is well understood and
widely used throughout the world.

Possible benefits to trial participants, in addition to improvement in eczema symptoms,
include reduced scaling of water appliances, reduced soap / cleaning product
consumption and reduced energy consumption.

3. STUDY DESIGN

This is a single-blind, parallel group randomised controlled trial of 12-week duration,
followed by a 4-week cross-over period (Figure 1). The study will be analysed as a
parallel group study, but the final 4 week period will include exploratory analyses to
explore within person effects. Specifically, these exploratory analyses will provide
further information on (i) the speed of onset of benefit for the delayed treatment group,
and (ii) on how quickly benefits are lost once treatment is removed in the active treatment
group. Three hundred and ten children with moderate to severe eczema will each be
enrolled into the study for a period of 16 weeks. Participants will be enrolled over a
period of 18-20 months, starting in Spring 2007. The end of study is defined as being the
final assessment visit of the last participant into the trial.

Figure 1: Study design

STUDY PERIOD = 16 weeks

0 to 12 weeks 12 to 16 weeks
Group A Usual eczema care + water softener installed (n = 155) Unit removed Option to
purchase unit
at reduced cost
Group B Usual eczema care + delayed installation (n = 155) Unit installed

4. OBJECTIVES

i. To assess whether the installation of an ion-exchange water softener improves eczema
in children.
ii. If so, to establish the likely cost and cost-effectiveness of this intervention.
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5. INTERVENTIONS

5.1 Treatments to be compared

Ion-exchange water softening units will be compared with usual care. lon exchange water
softening is a scientifically defined, understood and described process using a synthetic
polystyrene resin in which primarily the divalent cations (positively charged), calcium
and magnesium found in domestic water supplies, are replaced by the monovalent cation,
sodium, from common salt. The water softener used in the study has two cylinders of
resin which are used alternately. A control valve ensures that when the resin capacity of
one cylinder is exhausted it automatically switches the water flow to the second cylinder
and, using common salt, regenerates the first to be ready for use when the second is
exhausted. Ion-exchange water softening units typically reduce the water hardness to
practically zero'.

All units will be installed in the child’s principal residence and salt will be supplied for
the duration of the trial. Standard procedure will be to soften all water in the home, and
provide mains drinking water through an extra (faucet-style) tap installed at the side of
the kitchen sink. Participants will be given the opportunity to opt out of having this
separate, mains drinking water tap if they prefer.

Apart from having a unit installed in the home, participants will continue with their usual
eczema treatments in the usual way and will be asked to bathe / wash their clothes
according to their usual practice. The units will meet all necessary quality standards, and
will be installed by a trained water engineer according to British Water’s code of practice.

The water softeners to be used in this trial will be supplied and paid for by a consortium
of representatives from the water industry, co-ordinated through their Trade Association.
The units will be encased in an unmarked box in order to prevent the possibility of
commercial advantage to any particular company. Similarly, unmarked salt will be
supplied for use during the trial.

Participants allocated to delayed installation will subsequently receive an active unit at
week 12

During the pilot study, approval was sought from the Housing Departments of local
Councils to install units in the homes of Council tenants. This was very successful and
will be used again in the main trial in order to be as inclusive as possible with regards to
trial participants. The relevant water companies will also be informed of the trial, and will

! By contrast, physical water conditioners affect the behaviour of calcium in water but they do not remove
it. The process by which they have this effect is not fully understood scientifically and so their design is
empirical. Whether or not Physical Water Conditioners have a beneficial effect on eczema is a question for
future study once proof of principle has been tested using established ion-exchange technology.
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be provided with details of the likely number of water softeners to be installed in each
region.

5.2 Treatment adherence / loss to follow-up

Compliance with treatment does not represent a large problem for this trial as long as the
participants are not absent from home for long periods of time. With the exception of a
drinking water tap, the water is simply softened (or not) for the entire household.
However, participants must remember to periodically replenish the salt (every few
weeks) and it is possible that this may not be done. Evidence from the pilot study
suggested that some families did use less salt than others.

In order to assess that the units are working correctly, water samples will be sent to the
research team once a week. Any samples with a reading of > 20 mg/L calcium carbonate
will be referred back to the engineer for investigation. Participants will also be reminded
of the importance of replenishing the salt supply at the 4-week assessment and by
telephone at 8 weeks. A weekly reminder will also be included in the child’s symptom
diary.

It is anticipated that loss to follow-up will be <15%. For the pilot study all of the
children attended for their final appointment. Nevertheless, a previous 18-week study of
treatments for children with atopic eczema run by the investigators resulted in a loss to
follow-up of 15% * and we propose to adopt this as a more conservative estimate. At the
end of the study all participants will be offered the chance to purchase the units at a
reduced cost (£446.50 inclusive of VAT, installation and warranty; this is approximately
half the full retail price).

5.3 Concomitant therapy

Participants will be allowed to use their usual eczema treatments as prescribed. However,
children will be asked not to start any NEW treatments during the period of the study if
medically possible. (See also exclusion criteria).

5.4 Rescue medication

Rescue medication will be defined by asking participants at the recruitment visit what
they would do if they needed to “step-up” their treatment in response to a worsening of
the eczema. The need to “step-up” treatment will then be recorded in the child’s diary on
a daily basis.

5.5 Starting and stopping treatment

Units will be installed in the participants’ homes as soon as possible after being
randomized to treatment (ideally within 10 working days).

If participants choose to withdraw from the study, any units that have been installed will
be removed as soon as is practicably possible. Participants will be asked to complete an
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end of study questionnaire at this time and diaries will be collected.

If participants are away from the main residence for any reason, this information will be
recorded in their treatment diaries. Absence from the home will be included in a
predictors of response model and will be used as a measure of treatment adherence for the
(secondary) per protocol analysis.

6. OUTCOME MEASURES

6.1 Primary outcomes

1. Difference between the active vs. standard treatment groups with regard to mean
change in disease severity (Six Area Six Sign Atopic Dermatitis Scale — SASSAD °)
at 12 weeks compared to baseline. SASSAD is an objective severity scale that is
completed by the research nurse during follow-up appointments. It does not involve
input from the patient in any way.

6.2 Secondary outcomes

1. Difference between the groups in the proportion of time spent moving during the
night’. Movement will be captured for periods of one week at week 1, week 12 and
week 16, and will be measured using accelerometers (Actiwatch™). These units are
worn by the child in the same way as a wrist watch

This outcome has been included as an objective surrogate for sleep loss and itchiness
(two of the defining features of eczema). Previous research has suggested that this is
a suitable objective tool for assessing itch ®’ and further pilot work is currently

underway to assess its suitability for use within this trial (results available Dec 2006).

2. Difference in proportion of children who report either good or excellent improvement
in eczema severity at 12 weeks (using a 5-point Likert scale).

3. Difference in Patient Oriented Eczema Measure (POEM °*) collected at baseline,
weeks 4, 12 and 16. This scale is a well validated tool that has been developed to
capture symptoms of importance to patients (rather than objective signs that are used
in traditional severity scales, such as SASSAD).

4. Difference in the number of totally controlled weeks (TCW) and well controlled
weeks (WCW) based on the number of days with eczema symptoms and the number
of days that topical treatment is applied. This outcome is based on a recent systematic
review conducted by the applicants looking at ways of assessing long-term control for
chronic conditions such as atopic eczema, asthma and rheumatoid arthritis °. The

? This outcome has been included as an objective surrogate for sleep loss and itchiness (two of the defining
features of eczema). Previous research has suggested that this is a suitable objective tool for assessing itch
87 and further pilot work is currently underway to assess its suitability for use within this trial (results
available Dec 2006)
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terms TCW and WCW have been adopted for use by researchers in the field of
asthma and appear to be a useful and intuitive means of capturing disease activity
over time.

Difference in the mean change in the Dermatitis Family Impact (DFI) questionnaire at
12 weeks '°. This scale was chosen as an appropriate quality of life scale for the study
for two reasons:

e The intervention involves the entire household, so a quality of life scale
appropriate to the family unit seems most appropriate.

e It avoids the need to use two different age-specific dermatology quality of life
scales (the Children’s Dermatology Life Quality Index** and the Infants version of
the same scale™).

Mean change in health related Quality of Life at 12 weeks. This will be captured
using a generic measure of health utility (the children’s version of the EQ-5D for
children aged 7 years and over, or the proxy version of the EQ-5D for children aged
3 to 7 years B,

6.3 Further exploratory analyses

In addition to the main outcomes listed above, further exploratory analyses are planned as
follows

Difference in mean change in disease severity (SASSAD) at 4 weeks compared to
baseline. This outcome is included in order to capture speed of onset of benefit.

Further within person analyses will be conducted comparing outcomes collected
during the final 4-week period (12 to 16 weeks), with those collected during the initial
4 weeks of the study (0 to 4 weeks). Data collected for the active treatment group will
provide an indication of the likely carry-over effect of this intervention, which will be
useful in planning the design of future trials in this area. Data collected for the
delayed treatment group will inform the analysis regarding speed of onset of
improvement.

Predictors of response model — including baseline factors such as filaggrin status (see
later section), baseline eczema severity, water hardness, swimming activity and time
away from the home).
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/. ELIGIBILITY CRITERIA

The intention is to keep entry criteria as broad as possible in order to improve the external
validity of the trial and to boost recruitment.

7.1 Inclusion criteria

¢ Children aged 6 months to 16 years at baseline, with eczema as defined by the UK
refinement of the Hanifin and Rajka diagnostic criteria ',

* Eczema present at time of assessment (minimum SASSAD score of 10).

* Baseline water hardness of >200 mg/I of calcium carbonate.

* Home suitable for the installation of a water softening device (as assessed by water
engineer)

* Property not > 5 storeys high

Only one child will be enrolled per family. The choice as to which child becomes
involved will be made by the parents and children involved, taking into account the
inclusion criteria above.

7.2 Exclusion criteria

¢ Children who plan to be away from home for >21 days in total during the 16-week
study period. This has been deemed necessary in order to ensure adequate exposure to
the intervention. We will also aim to ensure children do not have a planned holiday in
the 4 weeks prior to their 12 week assessment visit.

¢ Children who have taken systemic medication (e.g. Cyclosporin A, methotrexate) or
UV light for their eczema within the last 3 months because of their long lasting
effects.

e Children who have taken oral steroids within the last 4 weeks, or who, as a result of
seeing a healthcare professional, have started a new treatment regimen for eczema
within the last 4 weeks.

* Families who already have a water treatment device installed, including ion-exchange
softeners, polyphosphate dosing units or physical conditioners.

8. SCREENING AND RECRUITMENT

8.1 Participants

Children aged 6 months to 16 years with atopic eczema will be enrolled into the study. A
diagnosis of eczema will be standardised using the UK working party's diagnostic criteria
for atopic eczema '*. It is anticipated that participants will be recruited at a rate of 4-5 per
centre per month and that recruitment will take place over 18 to 20 months.

8.2 Setting

Recruitment will take place in four secondary care referral centres in the UK serving a
variety of ethnic and social groups and including both urban and peri-urban dwellings.
All have predominantly hard water (although water in the Nottingham area is mixed).
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Inclusion criteria assume baseline water hardness of >200 mg/1 for entry into the trial.
The four recruiting centres will be 1) Queen's Medical Centre, Nottingham; ii) Barnet &
Chase Farm Hospital, London; iii) Addenbrookes Hospital, Cambridge; and iv) The
David Hide Asthma and Allergy Research Centre, St Mary's Hospital, Isle of Wight
Healthcare Trust, Isle of Wight. All 4 centres hold designated paediatric clinics in which
children with eczema are commonly seen. If recruitment in Nottingham proves to be
difficult due to the limited number of areas with hard water, recruitment will be extended
into Leicestershire.

Participants will be informed of the trial in various ways. In order to “kick start”
recruitment during the initial phase, patients who have been referred to the recruiting
centres over the previous 12-18 months will be sent letters and information sheets about
the trial. On-going recruitment will also take place through outpatient clinics, although
children who have recently seen a dermatologist (and have started on a new treatment
regimen), will not be able to enter the trial for at least 4 weeks. In addition, local GPs
and/or primary schools will be informed of the trial and efforts will be made to advertise
the study through direct advertising in the local media; and on relevant websites.
Recruitment in Nottingham will be limited to those areas with a hard water supply based
on postcode areas.

8.3 Randomisation and blinding

Participants will be entered into a web-based randomisation programme by the Trial
Manager, or Research Nurse. This will randomise them to one of the 2 treatment arms
based on a computer generated code, using random permuted blocks of randomly varying
size. This will be created by the Nottingham Clinical Trials Support Unit (CTSU) in
accordance with their standard operating procedure, and held on a secure server. The
randomisation will be stratified by age, disease severity (baseline SASSAD < 20, or
SASSAD score >20) and recruiting centre. Access to the sequence will be confined to the
CTSU Data Manager. Allocation to treatment arms will be in the ratio 1:1 and the Trial
Manager will access the treatment allocation for each participant by means of a remote,
internet-based randomisation system developed and maintained by the Nottingham
CTSU. The allocation group will be indicated to the Trial Manager only after baseline
data have been irrevocably entered into the randomisation programme. The sequence of
treatment allocations will be concealed until interventions have all been assigned and
recruitment and data collection are complete.

The research nurses will be blinded to treatment allocation throughout the study period
and the trial statistician will analyse the results based on treatment code, using an analysis
plan finalised prior to revealing the coded allocation sequence. Only after the analysis is
complete will the actual treatment arms corresponding to treatment codes be revealed.
The only study personnel in contact with study participants will be the research nurses,
the water engineers and the trial manager. Trial participants will continue to see
healthcare professionals for their usual eczema care.

Since participants will not be blinded to the study intervention, an objective primary
outcome has been chosen in order to minimise response bias, The primary outcome of
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disease severity, measured using the Six Area Six Signs Atopic Dermatitis scale
(SASSAD) will be assessed by the research nurses who are blind to treatment allocation.
This scale is based purely on physical examination of the skin and does not require input
from the participants themselves. Other secondary objective outcomes include nocturnal
movement (measured using accelerometers) and the use of topical therapy.

Participants will be discouraged from discussing which treatment they have received with
the research nurse. In order to reduce the opportunity for ‘un-blinding’, telephone
contacts will be conducted by the (un-blinded) trial manager whenever possible and
participants will be reminded not to mention their treatment allocation to the research
nurse prior to their assessment visits. The importance of maintaining ‘blinding’ will also
be highlighted in the patient information sheets.

Integrity of information bias will be assessed using clinical photographs of a target lesion.
These images will be taken at each assessment visit and graded remotely by 2
independent dermatologists. These dermatologists will not be aware of the study design,
or of the assessment visit at which the image was taken. Should the two dermatologists
score an image very differently, a 3™ dermatologist will be asked to adjudicate. This
method of photo assessment worked well in the pilot study.

8.4 Screening

Screening for the trial will be a 3-stage process. Those who express a willingness to take
part in the trial will be approached as follows (vote: the order of the contacts may vary
depending on the recruitment route):

1. By telephone or postal questionnaire — participants will be sent a Participant
Information Leaflet along with a screening checklist. This will be followed up by
telephone to assess eligibility. Participants will give either written or verbal
agreement at this time for the study’s water engineer to visit their home.

2. Home visit by the engineer — the home will be assessed for suitability of installation
of a water softening device.

3. Outpatient appointment with the research nurse - assessment of eligibility criteria and
recruitment into the trial.

Consent will be taken by the research nurse prior to conducting the recruitment

assessment. Five copies of the consent forms will be generated for: i) the participants; ii)
the medical notes; iii) the child’s GP; iv) the Trial Master File and v) the local Site File.
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9. DATA COLLECTION
9.1 Data Collection Methods (summarised in Table 1)

9.1.1.Face-face interviews with the research nurse

These interviews will take place at baseline (recruitment visit), 4 weeks, 12 weeks and 16
weeks.

The visits will include the following:

1. check of eligibility criteria (recruitment visit only)

ii. baseline characteristics / demographics (recruitment visit only)

iii. examining the child for disease severity (using the Six Area, Six Sign Atopic
Dermatitis score)

iv. eczema symptoms (POEM)

v. interviewing the family for quality of life — dermatitis family impact questionnaire
and EQ-5D

vi. willingness to pay for an ion-exchange water softener

vii. digital image of nominated target lesion

9.1.2. Treatment diaries

Diaries will be used to capture:

i. the number of days when active topical treatment (topical corticosteroids,
tacrolimus or pimecolimus) is applied

ii. whether or not treatment has needed to be “stepped up” — if so, in what way and
for how many days (“stepping up” treatment will be defined in advance by the
parents in consultation with the research nurse)

iii. daily global assessment of disease activity by child and parents

iv. nights away from home

v. health service resource use

vi. personal costs associated with the eczema

vii. whether or not the accelerometers have been worn (weeks 1, 12 and 16).

Items 1) and ii) above will be used to calculate the number of totally controlled weeks
(TCW) and well controlled weeks (WCW) during the study. Diaries will also be used to
remind participants to check the salt levels in the machine and to return a sample of the
water for testing in the laboratory every week.

9.2 Accelerometers

Night-time movement will be measured each night for a period of 1 week at the
beginning of the study (week 1), at the end of the 12-week study (week 12) and during

? Target lesion nominated by research nurse in discussion with the child/parents.
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the cross-over phase (week 16). Data will be stored on the Actiwatch™ units and
downloaded onto a laptop computer at the subsequent assessment visits. Recordings will
take place every night between the hours of 10pm and 6am, as used by other
investigators’.

9.3 Telephone support

Participants will be contacted by the trial manager at 8 weeks in order to provide advice
and support about the study.
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Table 1: Summary of schedule of assessment visits

BASELINE Group A “4 week” “8 week” “12 week” Group A “16 week”
=Day ZERO installation Appointment Reminder Appointment Un-Cl;rlsé)t::)laglon Appointment
Installation
Water Engineer Research Nurse Water Engineer Research Nurse Trial Manager Research Nurse Water Engineer Research Nurse
Home screening Recruitment Visit Clinic appointment Clinic appointment Water Engineer
visit clinic appointment At 0-2 weeks At 4-6 weeks At8to 9 weeks At 1214 weeks AU12-14 weeks At 16 to 18 weeks
Home visit to ¢  Baseline Install unit SASSAD ¢ Telephone ¢ SASSAD Remove unit Clinic appointment with
assess characteristics (Group A) POEM support from 0 POEM (Group A) Research Nurse to carry
suitability of 0 Eligibility within 10 . Trial Manager . within 10 out:
residence for criteria working days Dlgltal phpto 0 Issue new dia 0 Utility working days 0 SASSAD
: : of index site > ry measures
installation of checked of DAY ZERO (if needed) of 12 week o POEM
softener (date of Collection of . ¢ Digital photo anniversary of
Estimate salt 0 SASSAD recruitment week 1 0 Reminder to of index site installation ¢ Utility measure
~ 0 POEM visit) Actiwatch™ start collecting : ~ -
requirements Actiwatch™ ¢ Collection of Install unit 0 Dlgltal .phOtO of
and assess ¢ Utility Advice given data data again Week 11-12 (Group B) index site
availability of measures (DFI to reduce soap Collection of . Actiwatch™ within 10 O Collection of Week
storage for salt and EQ-5D) consumption Diary 1 and ¢ Reminder to data and working days 15-16 Actiwatch™
supply 0 Willingness to etc. Issue of new add s.alt Diaries 2&3 of 12 week data, Actiwatch™
Test water Pay Issue water diaries (2&3) | ¢ Reminder tl(:' 0 Issue Diary 4 app;mtment and Diary 4
hardness questionnaire sampling 3::;11:11“6 taking 0 Explanation of wit Ré\f, retest | vt by Water Engineer
. containers + y water water hardness. .
¢ Digital photo ! samples for cross-over . to:
of index site prepaid p hase Advice given .
hardness p ¢ Remove unit (Group
. envelopes . o to reduce soap .
¢ Saliva sample testing ¢ Willingness to consumption B), if they do not
¢ Explanation of Pay . . etc (Group B) Wl.Sh to pl}rchase
i i questionnaire unit, within 10
diary and issue Issue water .
f Diarv 1 : working days of 4
° il ) sampling week anniversary of
¢ Explanation of containers and installation
accelerometer pre-paid . .
(Actiwareh™) envelopes | ¢ A o
0 Issue Water (Group B) purchase unit at first
Softener convenient time after
Information 16 week
sheet appointment with
¢ Submit details RN.
for
randomisation
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9.4 Engineer’s visits

Engineers will conduct a screening visit for potential trial participants in order to assess
the suitability of their home for the installation of a water softener. A standard checklist
will be prepared for this purpose. Any households which are not able to have a unit
installed (for whatever reason) will not be enrolled into the study. The pre-recruitment
visit will also assess the likely salt requirements of the family, and test water hardness at
baseline.

An installation visit will take place as soon as possible following randomisation to
treatment (ideally within 10 working days).

For the active treatment group, units will be removed by the water engineer after 12
weeks to ensure that the units cannot be turned on again during the final 4 week non-
intervention period. If the family chooses to purchase a unit at a reduced price (£446.50)
a unit will be reinstalled after they have completed the final 4-week non-intervention
period of the study. Families in the active treatment group will send samples of water for
hardness testing on a weekly basis throughout the 12 week period when the unit is
installed. Those allocated to delayed treatment will receive an active unit at 12 weeks.
This will then be removed after week 16 unless the family decides to purchase the unit.
Families in the delayed treatment group will send samples of water for hardness testing on
a weekly basis from weeks 13 to 16 inclusive.

10. STATISTICS

10.1 Statistical design

Analyses have been planned in order to place emphasis on objective outcomes that are
less likely to be influenced by the potential bias inherent in a single-blind study.
Nevertheless, a variety of additional tools are to be used that reflect more closely the
disease process throughout the study period. Some of these are relatively objective
indicators of disease activity (such as nocturnal movement and treatment application),
whilst others reflect subjective concepts (such as self-reported symptoms in the POEM),
in order to capture the many health-related dimensions affected by eczema.

The planned analyses should answer the following questions:

1. Does exposure to softened water for 12 weeks improve the symptoms and
severity of eczema, compared to standard care?

2. Does softened water improve quality of life for patients and their carers?
3. Are water softeners a cost-effective treatment for children with atopic eczema?
In addition, tertiary analyses will explore the following parameters:

4. How quickly the benefits of softened water become evident.
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5. How quickly the benefits of softened water are lost once treatment is stopped.

The main intention-to-treat analysis will be conducted at 12 weeks. An additional per
protocol analysis will also be conducted for the primary outcome in order to test the proof
of concept.

A sub-group analysis will also be conducted based on the presence or absence of
mutations on the gene filaggrin (See section 12). Mutations on the filaggrin gene have
been associated with dry skin and may therefore be a useful predictor of treatment
response.

10.2 Sample Size estimate

Sample size estimates are based on other published data relating to the use of SASSAD in
patients recruited in secondary care'”, >. Based on a minimum clinically relevant
difference of 20% in the change in SASSAD score between the 2 groups, and assuming a
mean baseline SASSAD score of 20 with a standard deviation for the difference in change
scores of 10 '°, a sample size of 310 children will provide 90% power, assuming a
significance level of 5% and attrition rate of 15% (see planned interventions section).
Sample size estimates based on the results of the pilot study, support this sample size
estimate.

10.3 Primary analyses

¢ Change in disease severity (SASSAD) at 12 weeks compared to baseline, will be
assessed using Student’s t-test. An adjusted analysis will also be conducted including
the stratification variables of eczema severity, age and recruiting centre.

In order to aid the clinical interpretation of these data, the number needed to treat
(NNT) assuming a range of improvements in SASSAD scores will also be presented
(>20%, >50% and >75% improvement).

10.4 Secondary analyses

¢ The proportion of time spent moving during the night will be compared using
Student's t-test.

¢ The proportion of participants reporting either good or excellent improvement in
disease severity on the global assessment scale will be analysed using a chi-squared
analysis.

¢ POEM scores will be compared at 12 weeks using Student’s t-test.

¢ A Student’s t-test will be used to assess differences in the number of Totally
Controlled Weeks and Well Controlled Weeks throughout the study period.

¢ Mean scores on the Dermatitis Family Impact Scale and Quality of Life scores will be
compared using a Student’s t-test.
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¢ Predictors of response model. Factors to be included in the model will be pre-
specified prior to analysis, but will include baseline eczema severity, previous
treatment history, water hardness at baseline, prior belief relating to the benefits of
softened water, demographic variables and filaggrin status (See Section 12).

10.5 Tertiary analyses
¢ Changes in SASSAD at 4 weeks will be assessed using Student's t-test.

¢ For the within group analyses, mean change in disease severity (SASSAD) at week 4
(relative to baseline) compared to mean change in disease severity at week 16 (relative
to week 12) will be analysed using a paired samples t-test. These analyses will be used
to explore speed of onset and possible carry-over effects.

11. COST-EFFECTIVENESS ANALYSIS

11.1 Objective:

* To assess the cost-effectiveness of installing a water softening unit in the homes of
families who have a child with eczema, when compared with usual care.

The cost analysis will compare the overall costs for the intervention to usual care,
measuring resource use such as primary care contacts, medication prescribed, secondary
care contacts and patient costs. Health and family resource use data will be measured
using patient diaries. Resource use will be valued using published unit costs (e.g. Curtis
and Netten '®, BNF 2005, and NHS reference costs
(http://www.dh.gov.uk/PolicyAndGuidance/OrganisationPolicy/
FinanceAndPlanning/NHSReferenceCosts/fs/en)), and patient reported estimates. The
costs to the NHS and patient will be reported separately as well as in combination.

The primary measures of effectiveness for cost analyses purposes will be the number of
participants who show a >50% improvement in SASSAD at 12 weeks compared to
baseline. Secondary analyses will be conducted using continuous data from the SASSAD
scale; the Dermatitis Family Impact Scale; and the generic measure of health utility as
measured on the child version of the EQ-5D (for children aged 0-8 years, the proxy
version will be used).

If non-dominance occurs an incremental cost-effectiveness ratio will be produced.
Sensitivity analysis will be undertaken to test the robustness of results in the face of any
uncertainties or assumptions made in the analysis. In particular, assumptions about the
time period over which the difference in costs and difference in benefits are likely to be
sustained. Where appropriate the change in quality of life measured on the EQ-5D will be
multiplied by the expected duration of benefits from water softening in order to calculate
the Quality Adjusted Life Years (QALY's) of the intervention group compared to the usual
care group.
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In addition to the cost effectiveness analysis, contingent valuation (CV) methodology will
be employed to measure parental willingness to pay for the water softener device as a
measure of benefit. CV methodology is now more widely used as a measure of benefit in
the health care field '’. It is an important issue in the context of this study, since it is not
clear at this stage who will, or should, pay for the device: the parent or the NHS.
Willingness to pay will be asked pre-intervention at the recruitment visit to get an ex-ante
hypothetical willingness to pay and again at week 12. At the end of the study, all
participants will get the opportunity to purchase the device that they used in the study,
thus giving us a measure of parental actual willingness to pay. This will enable us to test
whether a hypothetical bias exists in health CV studies in this context.

12. ADDITIONAL GENETICS STUDY

12.1 The role of filaggrin gene mutations as a predictor of treatment response

Mutations in the gene encoding the skin barrier protein filaggrin have recently been
shown to strongly predispose to eczema. Reduced filaggrin activity is associated with an
abnormally dry skin and defective skin barrier. It is estimated that up to 50% of children
with eczema may carry one or two mutations in the gene encoding filaggrin, which has
the gene symbol FLG '®. Individuals carrying one null-allele for filaggrin make only 50%
of the normal amount of filaggrin. Often these individuals have a mild form of ichthyosis
vulgaris ( a very dry skin) and are at risk for eczema. Individuals who have two null-
alleles make no filaggrin and have a more severe form of ichthyosis vulgaris and are at

. 19,20
greater risk of eczema .

In light of this breakthrough in understanding eczema, we have formed collaborative links
with the research team that first reported this association (lead by Dr Irwin McLean at the
Human Genetics Unit, University of Dundee). We plan to include filaggrin status as a
possible predictor of treatment response in the current study. The mechanism of action by
which water softeners improve eczema is currently unclear. Nevertheless, it seems
intuitive to consider the possibility that a gene associated with dry skin may play an
important role in predicting why some people with eczema are more affected by hard
water than others.

For the sub-group analysis, study participants will be categorised into two groups
according to filaggrin status:

Group 1: FLG +/+ (wild type) — control cohort

Group 2: FLG +/- (heterozygous for FLG null allele) and FLG -/- (homozygous for FLG
null alleles)

This work will refine the phenotypic characteristics of filaggrin-deficient eczema, and will

assess whether fillaggrin is an important predictive factor in determining treatment
success.
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12.2 Methodology

To determine filaggrin status it will be necessary to obtain DNA from individuals entering
the study. Following written informed consent, participants will be asked to provide a
saliva sample at enrolment. If children are unable to spit into the container, swabs taken
from inside the cheek will be used to collect the sample.

Sample containers will be identified using the designated study number and date of birth
only. Personal contact details will be kept by the Trial Manager and will not be transferred
to the laboratory researchers.

The containers will be shipped to the Human Genetics Unit, University of Dundee. DNA
will be extracted by standard techniques and FLG genotyping for the common null-alleles
will be carried out according to published protocols *°. Samples will be kept in Dundee for
future testing for genes associated with atopic eczema if new techniques become
available.

FLG genotype status will be recorded and returned to the Centre of Evidence Based
Dermatology in Nottingham, again using the study number and date of birth.

12.3 Written informed consent

Parents and patients will be offered the possibility of opting out of this part of the study.
No participant will be enrolled until informed consent has been gained.

12.4 Sample size

The sample size for the main trial is based on the ability to detect at least a 20% difference
in disease severity between the two groups (water softener versus usual eczema care). In
order to ensure that sufficient power is available for the planned sub group analysis,
further sample size calculations have been performed.

Assuming that the presence of at least one mutation in the gene encoding filaggrin results
in improved treatment response, a total of 90 children with at least one such mutation
would be sufficient to detect a 30% difference between the treatment groups in the
primary outcome (disease severity), with 80% power and a significance level of 5% (s.d =
10). Allowing for 20% drop out means that 120 (39% of the children recruited) would
need to carry the gene mutation. For 90% power, this figure would be 145 (47%) children.
This is in line with previous published findings which suggest that the gene may be
preser;t1 ;Izl up to 50% of eczema sufferers'’, although this varies according to ethnic

group” .
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13. TRIAL ADMINISTRATION

13.1 Trial personnel

This study will employ a part-time trial manager (60% fte), 4 part-time research nurses
(60% fte) and 4 water engineers (60% fte). All staff will be supervised by Dr Kim
Thomas at the University of Nottingham, although the research nurses and water
engineers employed at the other recruiting centres will report directly to the Principal
Investigators for those centres. In addition, a consumer panel has been convened
consisting of 5 service users with experience of living with eczema. Mr David Potter acts
as the consumer panel representative on the Trial Steering Committee. Copies of the
participant information sheets, symptom diaries and publicity material have been shown
to the panel of service users prior to submission for ethical approval. The panel members
shared these documents with children with eczema aged 4 and 13 years.

13.2 Roles & responsibilities

The Chief Investigator will have overall responsibility for the design, maintenance and
delivery of the trial, and will serve as the study guarantor to sponsors, funders and
journals.

The Trial Manager will be responsible for all aspects of the day-to-day running of the
trial.

The research nurses will be responsible for identifying and recruiting suitable participants,
for conducting skin assessments and liaising with the local engineers over visit dates and
times (prior to randomisation). Since research nurses are responsible for conducting the
blinded outcome assessments, contact after the initial recruitment interview will be kept to
a minimum. Subsequent telephone follow-up will be conducted by the trial manager.

The Clinical Trials Support Unit (University of Nottingham) will provide data
management for the trial. This will include a web-based randomisation service (with
telephone backup), database design, data entry and central data monitoring.

Professor Andrew Nunn at the MRC Clinical Trials Unit in London will prepare an
analysis plan prior to analysis.

13.3 Conflicts of interest
None.

13.4 Trial Organisation & administration

The trial is funded by the NHS Health Technology Assessment Programme. It is sponsored by
the University of Nottingham, and will be managed and co-ordinated from the Centre of
Evidence Based Dermatology in Nottingham. Data management will be conducted through the
Nottingham Clinical Trials Support Unit. Statistical analysis will be over-seen by Professor
Andrew Nunn at the MRC Clinical Trials Unit in London, and conducted by a junior statistician
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employed at the same trials unit.

Membership of the Trial Steering Committee (TSC) and Trial Management Group (TMG) have
been documented at the beginning of this document.

The Trial Steering Committee will meet at least once a year and will provide overall supervision
of the trial on behalf of the trial sponsor.

The Trial Management Group will meet more frequently and will be responsible for the day-to-
day management of the trial. Members of the TMG will report to the TSC at their meetings.

Since this trial involves the use of a commonly available domestic water softening unit (and does
not involve a medicinal product) we do not anticipate the need for a Data Monitoring
Committee.

13.5 Trial Timetable and Milestones

1 Sept 1 Mar 1 Sep 1 Mar 1 Sep 1 Nov 1 Mar 2009 to
2006 to 2007 to 2007 to | 2008 to 30 | 2008 to 2008 to 30 Aug 2009
28 Feb 30 Aug 28 Feb | Aug2008 | 31 Oct 28 Feb
2007 2007 2008 2008 2009

Trial set-up*

Training**

Recruitment ***

Follow-up

Close of database 30/4/09

Analysis / write up

MREC, LREC and R&D approval

*  Trial set-up will include the establishment of sponsorship agreement; preparation of trial procedures and CRF’s;
application for ethics and R&D approvals; purchasing equipment and publishing the protocol. Research nurses
employed at each site and the study engineers will be identified during the 6-month set-up period.

** Training of Principal Investigators, Water Engineers and Research Nurses, including awareness of GCP.

**% ]t is estimated that 4 to 5 children will be recruited at each of the 4 recruitment centres per month (i.e. ~16-20 per
month). On this basis, recruitment should be completed within 18-20 months of starting recruitment.

13.6 Unblinding of participants

This is a single-blind study, in which unblinding of the study participants is not relevant.
However, attempts will be made to ensure the continued blinding of the research nurses
and the trial statistician. If any of the research nurses feel that blinding may have been
compromised at any time, this will be logged accordingly.
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14. ETHICS

14.1 Statement of confidentiality

Any data collected as a result of this trial will be treated as confidential. Participants will
be identified by unique reference number and initials wherever possible. It is necessary
for participants’ name and contact details to be released to the co-ordinating centre, but
this will not happen until fully informed consent has been taken.

14.2 Data protection

Data will be stored in accordance with the Data Protection Act. Investigators will retain
patient records and CRFs in easily retrievable but secure form.

The Chief/Principal investigator will ensure that CRFs and other study documentation
relating to their participants are kept in a locked departmental filing cabinet. Completion
of, and access to the CRFs will be restricted to those personnel approved by the
Chief/Principal investigator.

15. ADVERSE EVENT REPORTING

This trial involves the use of a commonly available domestic water softening unit with
provision for mains drinking water during the time when the water softening unit is
installed. This being the case, we do not anticipate any adverse events or adverse reactions
of any relevance to the trial. As a result adverse event data will not be routinely collected.
Events of particular relevance such as plumbing difficulties, floods or difficulties with the
units will be logged and reported to the MREC and relevant R&D departments annually.

16. TRIAL INSURANCE AND INDEMNITY

16.1 Negligent Harm
The usual NHS indemnity arrangements for negligent harm will apply.

16.2 Research Liabilities

The sponsor (University of Nottingham) has third-party liability insurance cover in
accordance with all local legal requirements.

As a precautionary measure, the investigator, the persons instructed by him and the
hospital are included in such cover in respect of work done by them in carrying out this
study to the extent that the claims are not covered by their own professional indemnity
insurance.

In addition, the study engineers will carry their own 3™ party liability insurance should the
installation of the water softening devices result in flood or damage to property.
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16.3 Non negligent harm

The devices to be used in the study will be covered by product warranty. Other than this,
no compensation exists for non-negligent harm.

17. PUBLICATION POLICY

During the period of the trial, press releases will be issued from the Centre of Evidence
Based Dermatology and will be approved by either the Chief Investigator (Hywel
Williams) or the Lead Applicant (Kim Thomas). No party will be entitled to submit any
publicity material without prior approval from the co-ordinating centre.

Trial publications and conference presentations will be submitted to the HTA for approval
prior to submission to the event organisers or the editors. All publications will
acknowledge the support of the HTA in funding this trial, and the support of the water
industry.

Neutral or negative results will not constitute a reasonable justification to delay
publication.

18. TRIAL FINANCES

This trial is funded by the NHS HTA Programme. Appropriate contracts will be
established between the University of Nottingham and each of the recruiting sites; with
the MRC Clinical Trials Unit, and with the consortium of water treatment companies.

In addition to the monies provided by the NHS HTA programme, representatives from the
water industry have agreed to cover the following costs:

e Design, testing and supply of the water softening units.
e Salt supplies

e Testing of the water samples

e Supervision of water engineers

Trial participants will not be paid for taking part in the study, although travel expenses
will be reimbursed for hospital appointments at a rate of £5 per visit.
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SIGNATURE PAGE

Chief Investigator: Professor Hywel Williams

Signature:
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RECRUITING CENTRE

I confirm that I have read this protocol and agree to conduct the study accordingly.

Principle Investigator:

Recruiting Centre:

Signature: Date:
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APPENDIX 1: Recruiting centres

Queen’s Medical Centre

Derby Road

Nottingham NG7 2UH

Main Hospital Tel: 0115 924 9924

Principal Investigator:

Professor Hywel Williams

Centre of Evidence Based Dermatology
University of Nottingham

Kings Meadow Campus

Lenton Lane

Nottingham NG7 2NR

Tel: 0115 846 8619

Barnet & Chase Farm Hospital
The Ridgeway

Enfield

Middlesex EN2 8JL

Main Hospital Tel: 0845 111 4000

Principal Investigator:

Dr Ian Pollock

Consultant Paediatrician

Dept of Paediatrics

Tel: 0208 375 1438 (secretary)
Email: ian.pollock@bcf.nhs.uk

Addenbrooke’s Hospital

Cambridge University Hospitals NHS
Foundation Trust

Hills Road

Cambridge

Cambridgeshire CB2 2QQ

Main Hospital Tel: 01223 245 151

Principal Investigator

Dr Nigel Burrows

Consultant Dermatologist

Dept of Dermatology

Tel: 01223 216 501

Email: nigel.burrows@addenbrookes.nhs.uk

The David Hide Asthma and Allergy
Research Centre

St Mary's Hospital

Isle of Wight Healthcare Trust
Newport

Isle of Wight PO30 5TG

Main Tel No: 01983 534373

Principal Investigator

Dr Taraneh Dean

Reader in Epidemiology/ Director of Research /
Associate Head School of Health Sciences and Social
Work James Watson Building West

2 King Richard I Road

University of Portsmouth

Portsmouth, PO1 2FR

Tel: (023) 9284 4405; Fax: (023) 9284 5200

Email: tara.dean@port.ac.uk
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APPENDIX 2: R&D departments

Queen’s Medical Centre
Nottingham University Hospitals NHS
Trust

R&D Office

E11 Curie Court
Queens Medical Centre
Derby Road
Nottingham NG7 2UH
Tel: 0115 970 9049

Barnet & Chase Farm Hospital
Barnet & Chase Farm NHS Trust

Clinical Governance Support Team
Thames House

Wellhouse Lane

Barnet Hospital

Middlesex EN5 3DJ

Tel: 020 8216 5428

Addenbrooke’s Hospital
Cambridge University Hospitals NHS
Foundation Trust

R&D Department
Addenbrookes Hospital
Box 146

Cambridge CB2 2QQ
Tel: 01223 217418

The David Hide Asthma and
Allergy Research Centre
Portsmouth Hospitals NHS Trust

R&D Office

Gloucester House

Queen Alexandra Hospital
Cosham PO6 3LY

Tel: 023 9228 6236
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