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Poor adherence to photoprotection in xeroderma pigmentosum (XP) increases morbidity and shortens lifespan due to skin
cancers.

To test a highly personalized intervention (XPAND) to reduce the dose of ultraviolet radiation (UVR) reaching the face in adults
with XP, designed using known psychosocial determinants of poor photoprotection.

A two-arm parallel group randomized controlled trial, including patients with suboptimal photoprotection to receive XPAND or a
delayed-intervention control arm that received XPAND the following year. XPAND comprises seven 1 : 1 sessions targeting photoprotection
barriers (e.g. misconceptions about UVR) supported by personalized text messages, activity sheets and educational materials incorporating
behaviour change techniques. The primary outcome, mean daily UVR dose to face across 21 days in June—July 2018, was calculated by
combining UVR exposure at the wrist with a face photoprotection activity diary. Secondary outcomes were UVR dose to face across 21 days
in August 2018, time spent outside, photoprotective measures used outside, mood, automaticity and confidence to photoprotect. Financial
costs and quality-adjusted life years (QALYs) were calculated.

Sixteen patients were randomized; 13 provided sufficient data for primary outcome analysis. The XPAND group (n=8) had lower
mean daily UVR dose to face [0.03 standard error of difference (SED) (SD 0.02)] compared with controls (n=7) [0.43 SED (SD 0.17)] (adjusted
difference=-0.25, P<0.001, Hedge's g=2.21) at the June 2018 assessment. No significant between-group differences were observed in
time spent outside, photoprotection outside, mood or confidence. The delayed-intervention control showed improvements in UVR dose to
face (adjusted difference=-0.05; Hedge's g=-0.1), time outside (adjusted difference=-69.9; Hedge’'s g=-0.28) and photoprotection (ad-
justed difference=-0.23, Hedge's g=0.45) after receiving XPAND (June 2019 assessment). XPAND was associated with lower treatment
costs [-£2642; 95% confidence interval (Cl) —-£8715 to £3873] and fewer QALYs (-0.0141; 95% CI -0.0369 to 0.0028).

XPAND was associated with a lower UVR dose to face in patients with XP and was cost-effective.

Lay summary

Xeroderma pigmentosum (XP) is a genetic condition that stops a person’s skin from repairing damage from ultraviolet radiation (UVR),
and increases the risk of developing skin cancers. The only way to reduce this risk is to protect the skin by staying indoors and using
items such as hats, glasses and sunscreen when outside. However, people with XP can find it difficult to protect their skin all the time.

We designed an intervention (called XPAND) to support people with XP to improve photoprotection. This involved seven tailored
conversations, using materials (e.g. a magazine), between a patient and a healthcare professional to identify what motivates them to
protect their skin, and what makes it harder. WWe measured the amount of UVR reaching the face (dose to face), before and after XPAND,
compared with a group that didn't do the sessions. Our way of measuring was new, using a UVR monitor worn on the wrist and pho-
toprotection recorded in a diary. The XPAND group had lower dose-to-face measurements afterwards than those who did not receive
XPAND immediately, suggesting that it could be successful. However, because we were comparing small groups, we cannot be certain
that the result was because of XPAND, or whether the group already had lower dose-to-face measurements.

Overall, our findings from the assessment of value for money found that patients undergoing XPAND had lower service costs and
similar outcomes to the comparison group.
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What is already known about this topic?

e Xeroderma pigmentosum (XP) is a rare genetic disorder characterized by multiple skin cancers from early childhood.
e Photoprotection against ultraviolet radiation (UVR) is the only way for people with XP to prevent skin and eye cancers.
e \We have recently identified the psychosocial determinants of poor photoprotection in XP.

e No intervention has previously been designed or tested to improve photoprotection in people with XP.

What does this study add?

e This study demonstrates that a personalized adherence intervention, designed by systematically mapping change strategies to the
determinants of poor photoprotection, improves photoprotection, reducing the dose of UVR reaching the face.

* Photoprotection improves without impairing emotional wellbeing.

e Reducing the time spent outside is as important as improving the photoprotection used when outside.
* Mood, automaticity, confidence and perceived importance of photoprotection are psychological mechanisms that may contribute to

improving photoprotective behaviour in patients with XP.

Xeroderma pigmentosum (XP) is a rare recessive disease
involving an impaired response to ultraviolet radiation
(UVR), which induces DNA damage." This substantially
increases the risk of skin and eye cancers resulting in an
average life expectancy of 32 years, with 60% of premature
deaths resulting from metastatic cutaneous malignancies.?
Photoprotection from UVR in daylight is the main means of
preventing the cancers: staying indoors as much as pos-
sible and using protective clothing and broad-spectrum
sun-protective factor 50 sunscreen when outside. Most XP
skin cancers (80%) are on the face, head and neck, so face
protection is critical,® ideally achieved by wearing a legion-
naire-style cap with a UVR-protective transparent film at the
front, or wide-brimmed hat, glasses and face-buff/scarf.*
We have previously identified that photoprotection of the
face is poor in one-third of patients, and that extreme pho-
toprotection restricts daily activities and impairs emotional
wellbeing.5-?

Following our previous studies,®*-° we specifically targeted
the psychosocial determinants of poor photoprotection for
each patient to create a highly personalized intervention to
improve photoprotection in adults with XP'" (Enhancing
XP Photoprotection Activities — New Directions, XPAND).
XPAND was informed by studies of patients without XP but
with high risk of skin cancer'? and with psychological the-
ory,'*1% and was designed for delivery by healthcare profes-
sionals without specialist psychological training.

The rarity of XP (136 known patients with XP in the
UK) necessitated a randomized controlled trial (RCT)
with a delayed-intervention control group design. Our
novel UVR exposure measurement methodology’ ena-
bled intensive longitudinal data capture and maximized
statistical power by the number of observations recorded
per patient.” The primary objective was to investigate
whether the average daily UVR dose to face was reduced
after XPAND compared with the control. We assessed
whether change persisted across 21 consecutive days
3 months later, measured effects on psychological vari-
ables, and investigated the impact of the intervention in
the delayed-intervention control group. Cost-utility analysis
assessed the cost-effectiveness of incorporating XPAND
into routine care.

Materials and methods

Study design

A phase |l assessor-blind two-armed parallel group RCT
compared participants who received the XPAND interven-
tion in May—-June 2018 with a delayed-intervention control
group, who then received XPAND a year later; both groups
continued to receive their routine care. Intervention and
measurement periods were chosen to control for seasonal
differences in environmental UVR. Ethical approval was
obtained from the West London & GTAC Research Ethics
Committee (17/L0O/2110), and the trial is registered at:
ClinicalTrials.gov (NCT03445052). The trial protocol'® and a
process evaluation'’” are published elsewhere.

Recruitment

Eligible participants (> 16 years) were recruited from
the National XP Service at Guy's and St Thomas' NHS
Foundation Trust. They had previously been identified in
formative research®’ as having poor photoprotection as
follows:

1 Scores of<20 on the Adherence to Facial
Photoprotection questionnaire;'®

2 Anything other than ‘excellent’ or ‘very good’
recorded on the daily UVR protection diary and the
Daily Photoprotection Scale;®

3 Having ‘resistant’ or ‘integrated’ mode of adjustment
associated with lower photoprotection.®

Exclusion criteria were cognitive impairment, current
clinical depression or anxiety, and being unable to speak
or understand spoken or written English. Potential partici-
pants were sent an invitation letter and informed consent
was obtained during a home visit.

Randomization and masking

Participants were randomized 1 : 1 to receive XPAND in
2018 or 2019. The delayed-intervention group acted as
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controls for the 2018 analysis of the primary outcome.
Equal allocation to both groups employed a random-allo-
cation sequence for all participants, using a computer pro-
gram with fixed block sizes of four stratified by sunburn
phenotype to balance those with a genetic complemen-
tation group associated with an exaggerated vs. a normal
sunburn response.’® Related participants were randomized
as a cluster to avoid group contamination. Two of the par-
ticipants were related and therefore we randomized the
first participant recruited and then allocated the next to
the same intervention group, accounting for these as a
cluster where possible in analyses (e.g. random effect).
The trial statistician and XP clinical team were blinded to
group allocation.

Procedure

Participants completed baseline assessments for 21 days
in April 2018 (t0), which were repeated for 21 days in June—
July 2018 (t1) after the main XPAND sessions, and after
a booster session in August 2018 (t2). Participants com-
pleted the daily diary of face photoprotection and rating of
psychological factors, and wore the UVR wrist dosimeter
(SunSaver 3, Bispebjerg Hospital, Copenhagen, Denmark)’
continuously from the start of the first assessment period
(t0) until the end of the August assessment period (t2).
Participants completed additional self-report measures
once at the start of each 21-day period and 6 months after
XPAND (December 2018, t3). The delayed-intervention con-
trol group additionally followed a similar protocol of assess-
ments and measurements at equivalent times in 2019 (t4,
t5 and t6). Figure S1 (see Supporting Information) shows the
flow diagram of the trial design.
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XPAND intervention

XPAND was delivered by one of two psychologists or by
a trained research nurse, following a manual. Each patient
received a personalized intervention, with content that
addressed their photoprotection barriers (e.g. misconcep-
tions about UVR). XPAND comprised seven 1 : 1 sessions,
supported by a consumer-styled magazine containing arti-
cles incorporating behaviour change techniques (BCTs),
personalized text messages, activity sheets and educational
materials. Details of XPAND are shown in Figure 1'6 and
published elsewhere. 0"

Outcomes

Primary outcome: average daily ultraviolet
radiation dose to face (standard error of difference)
across 21 consecutive days in June-July 2018 (t1)
The UVR dose to face was calculated as the product of the
dose of UVR recorded at the wrist by the dosimeter, and the
‘protection factor’ of the facial photoprotection behaviours
recorded in the daily UVR photoprotection diary (Figure S2;
see Supporting Information).” For time spent outside during
the day, participants recorded the face photoprotection used
for each 15-min period (wearing a face visor, hat, hoodie worn
up, glasses, face scarf or face buff; applying sunscreen or lip
block). Methodological details are provided elsewhere.”1®

Secondary outcomes
The secondary outcomes are as follows:

1 Average daily UVR dose to face across 21 consecu-
tive days in August 2018 (t2);
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Profiling Questionnaire (PQ) to personalise and make decisions about delivery of mtervention content for eachindividual participant.

[T xPAND magazine, which targets barriers to photoprotection and has BCTs embedded in the text; participants wil be guided to articles relevant to their barriers;
o)
Video of a patient applying the correct amount of sunscreen, setin the context of a morning routine;

Activity sheets for eachmodule; UVR photoprotection feedback sheet with the Face Protection Guide
@?hﬂtopmlecﬁon goal setting tool, the 'UVR dial’, which was created to illustrate layering of protective clothing options;

@':' Daily text messages targeting personal barriers and generic behaviour change content; sent for the first 2 weeks, reducing in frequency by session 6.

The structure of the XPAND intervention (previously shown as Figure 2 in Walburn et al. in BMJ Open;'® used here under Creative
Commons CC BY 4.0 license). BCTs, behaviour change techniques; UVR, ultraviolet radiation; XPAND, personalized intervention.
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N

Average daily total UVR exposure during t1 and t2;

3 Average daily total time outside during daytime
(6am-10pm) (t1 and t2);

4 Average daily total time outside when UVR levels are
highest (11am-3pm) (t1 and t2);

5  Average daily proportion of time spent outside during
which face photoprotection using clothing was ‘very
good’ or ‘excellent’ (t1 and t2);

6 Average daily number of times sunscreen was
applied irrespective of time outside during each of
the 21-day periods (t1 and t2);

7  Average daily measures of psychological factors

(single items) rated 0-10 (higher scores are more

favourable) (t1 and t2): (a) mood; (b) extent to which

photoprotection activities are done without hav-

ing to think about it consciously (automaticity); (c)

self-efficacy to manage barriers to photoprotection

(‘confidence’); (d) prioritization of photoprotection

(‘importance’).

Tertiary outcomes

Self-report measures were as follows: Health-related qual-
ity of life (EQ-5D-5L%%); Emotional WellBeing (Short-form
Warwick-Edinburgh Mental Wellbeing Scale, SWEMWBS?')
(a=0.75); automaticity of photoprotection activities (four-
item subscale: Self-Report Behavioural Automaticity
Index, SRBAI??) (a=0.98); Self-efficacy to Photoprotect
(Photoprotection Self-Efficacy Questionnaire, PhotoSEQ'6)
using clothing (x=0.88) and sunscreen (x=0.93); and
Photoprotection Outdoors (Brief Photoprotection Adherence
Questionnaire, BPAQ'6).

Fidelity

A proportion (40%) of the 101 session recordings were
evaluated and independent assessors judged whether treat-
ment elements were fully completed, partially completed,
or not completed for sessions 1 and 6, and a random selec-
tion of follow-up sessions. Interrater agreement assessed
by Gwet's agreement coefficients [0.91, 0.76, 0.84, 0.83;
95% confidence interval (Cl) 81-85%] was good.

Sample size

A sample size of 10 participants per group with 21 daily
observations per participant was required to provide 80%
power for a two-sided test of means between groups at 5%
significance level to detect a clinically meaningful reduction
of 0.10 standard error of difference (SED) per day in UVR
dose to face. Recruitment was lower than the target sample
size (n=16) but was considered sufficient to continue by the
trial steering committee, based on providing 80% power of
the study to detect a similar reduction in UVR dose to face
of 0.12 SED per day.

Statistical analysis

Data were analysed using Stata version 16.1 statistical soft-
ware. Daily UVR exposure and daily self-report assessments
were analysed, following a modified intention-to-treat frame-
work, using linear mixed-effects models with patients as a
random effect to account for repeated observations within

individuals. Treatment group and assessment period were
included as dummy-coded variables. Group-by-period inter-
action terms allowed for the estimate of treatment effect
to vary across time points. Average daily UVR dose to face
during the baseline period, sunburn phenotype, and daily
environmental UVR from the nearest Public Health England
monitoring station were included as covariates to adjust for
baseline differences between groups for these variables. A
first-order autoregressive structure was specified to further
account for anticipated relation within residuals over time.
Given anticipated issues with heteroscedasticity of the
residuals, heteroscedasticity robust standard errors were
estimated using the Huber—White sandwich estimator. This
approach provides standard errors corrected for violation of
distribution assumptions (e.g. skew). The days when dosime-
ter data were not available or diary assessments not reported
were not included in the model. Treatment effect estimates
are therefore under the assumption that these data are miss-
ing at random. Days when the dosimeter was probably not
worn but a diary entry completed, indicating that the partic-
ipant had not gone outside that day, were included in the
analysis assuming the SED was 0. Sensitivity analyses for
the ‘missing at random’ assumption for the primary outcome
imputed missing days with the mean of the participants’
daily assessments across the assessment period.

A similar approach using linear mixed-effects models
was used to estimate between-group differences in June—
July 2018 and August 2018 for the self-report measures
assessed once at the beginning of each period. Due to the
number of observations being up to two per participant, no
additional residual structure was estimated. Because these
analyses were underpowered, no significance testing was
applied, and estimates are reported as point estimates with
95% Cls.

Planned exploratory analyses were also undertaken for
the delayed-intervention control group by comparing the
June—-July 2018 and 2019 assessments for this group.
Linear mixed-effects models, with a random intercept and
autoregressive error structure, were estimated for each out-
come including data from all available periods with period
included as a dummy-coded variable. The pre-post differ-
ence for periods t5 vs. t1, with heteroscedasticity robust
standard errors, was estimated as an indicator of treatment
effect.

Economic analysis

The economic analyses are indicative of potential cost-
effectiveness as the small sample size does not allow for
generalizable findings. The cost of the intervention is pre-
dominantly therapist time and unit cost of a psychologist.
Development costs were not included as it was assumed
that these would tend to zero as more patients received the
intervention. '‘Other service use’ was measured using an
adapted version of the Client Service Receipt Inventory,?®
which recorded contacts with health and social care ser-
vices over the 6 months prior to baseline and t3 interviews.
Costs were calculated by combining the service use data
with unit cost information.?#25

Quality-adjusted life years (QALYs) accrued over the
period from baseline to t3 were derived from the EQ-5D-5L
combined with tariffs. Area under the curve methods were
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used assuming a linear change between t0 and t3. Cost
and QALY differences between the two groups at t3 were
estimated using regression models with baseline cost or
EQ-5D-5L score used as an independent variable along with
the group identifier. In the case of the intervention having
higher costs and producing more QALYs than ‘treatment as
usual alone’, an incremental cost-effectiveness ratio (ICER)
was produced, defined as the difference in costs divided by
the difference in QALYs.

Results

Recruitment and attrition

Forty-five eligible patients were identified, 37 agreed to be
considered, and 16 (43%) consented to participate (Figure 2).

2018

Attrition was minimal: one participant from the delayed-
intervention group left the study after the baseline assess-
ment. Twelve participants received all seven sessions, two
had sessions 6 and 7 combined for logistical reasons, and
one had five short sessions. The analysis sample for the
primary outcome involved 13 participants due to two faulty
dosimeters, providing a total of 492 useable days, across
the June and August 2018 reporting periods where dosim-
etry was available and daily UVR protection diary data was
recorded (78% complete, across 630 days expected for 15
people; see Table S1 and Figures S2 and S3; see Supporting
Information). The analysis sample consisted of 11 partici-
pants providing data across both periods, one providing data
only in June, and one providing usable data only in August.
Where analyses relied on the diary only, the analysis sample
included 15 participants providing a total of 540 useable days
(86% complete, across 630 days expected for 15 people).

| Adult patients screened (n = 74) |

Cognitive impairment (n = 16)

T

Non-English speaker (n = 4)

| Met the inclusion criteria (n = 45) |

Optimal photoprotection (n =7)
Clinical depression or anxiety

-

| (n=2)
’ Sent study invitation letter (n = 37) ‘

e  Discharged from clinic as moved abroad (n = 5) - | ¢ Noresponse(n=12)
Baseline (t0 . Declined to take part (n = 9) (reasons
e  Refused to be contacted for research purposes 21 days’ (April) assessment completed included being too busy or feeling that
(n=3) (n=16) they had already contributed to the
v project by participating in earlier

Randomization (n = 16)

Participants receive XPAND (n = 8) |

Follow-up (t1
21 days’ (June—July) assessment completed (n = 8)
Included in primary outcome analysis (n = 5)
(2X faulty dosimeter)
I

Booster intervention session (n = 8)
1

Follow-up (t2
21 days’ (August) assessment completed (n = 8)
Included in primary outcome analysis (n = 5)

I

Follow-up (t3)
9-month measurement (December) of
self-reported psychosocial measures (n = 5)

Participant flow through the study.

2019

studies)

| Participants receive routine care (n = 8) |

| Lostto follow-up (n = 1)

Follow-up (t1
21 days’ (June—July) assessment completed (n = 7)
Included in primary outcome analysis (n = 7)

Follow-up (t2
21 days’ (August) assessment completed (n = 7)
Included in primary outcome analysis (n = 7)

Follow-up (t3
9-month measurement (December) of
self-reported psychosocial measures (n = 5)

Follow-up (t4
21 days’ (April) assessment completed (n = 7)

\

Participants receive XPAND (n =7)

\

Follow-up (t5
21 days’ (June—July) assessment completed (n = 7)

| Booster intervention session (n = 7) |

I

Follow-up (t6
9-month measurement (December) of
self-reported psychosocial measures (n = 5)
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Baseline sample characteristics by treatment group, 2018

XPAND intervention Delayed-intervention

group (n=8) control group (n=38) Total
Demographic factors
Sex, n (%)

Female 3(38) 3(38) 6 (38)
Male 5 (63) 5 (63) 10 (63)
Age, years, mean (SD) 39.9 (15.3) 48.8 (15.9) 44.3 (15.7)

Ethnicity, n (%)
White 5 (63) 5 (63) 10 (63)
Asian® 3(38) 3(38) 6 (38)
Clinical factors and quality of life
Age, years, mean (SD)
Self-reported, at diagnosis 16.1 (17.0) 38.1(74) 271 (17.0)
At receipt of lab molecular diagnosis, 36.1(14.9) 44.5 (15.3) 40.3 (15.2)
recorded from the medical notes
Propensity to burn, n (%)
Burner 3(38) 3(38) 6 (38)
Nonburner 5 (63) 5 (63) 10 (63)
History of previous cancer, n (%)
Yes 5 (63) 5 (63) 10 (63)
No 3(38) 3 (38) 6 (38)
XP complementation group, n (%)
A 1(13) 3(38) 4 (25)
C 3(38) 0 3(19)
E 1(13) 2 (25) 3(19)
F 2 (25) 0 2 (13)
\ 1(13) 3 (38) 4 (25)
Quality of life (EQ-5D-5L), mean (SD) 0.9 (0.1) 0.8 (0.1)° 0.9 (0.1)

XP, xeroderma pigmentosum. 2Asian ethnicity includes Pakistani, Bangladeshi, Iranian and Saudi Arabian.

PDelayed-intervention control, n=6.

Baseline demographic and clinical characteristics of the
sample by group are shown in Table 1. The patients were pre-
dominantly White (63%) and male (63%) with a mean (SD)
age of 44.3 (15.7) years. Most participants (63%) belonged
to the three XP complementation groups (C, E, V)'® that do
not cause abnormal sunburn responses. Randomization
did not achieve good balance between the groups on sev-
eral key outcome variables at baseline (see Table 2). Those
randomized to the intervention group described protection
as more automatic, were more confident that they could
achieve good protection, and thought protection was more
important than those in the delayed-intervention control.

Treatment effect on primary outcome
(June-July 2018

As shown in Table 2, the XPAND intervention group had
significantly lower mean (SD) daily UVR dose to face [0.03
(0.02)] than the delayed-intervention control group at the
June 2018 (primary outcome) post-intervention assessment
[0.43 (0.17); adjusted mean difference —0.25 SED, P<0.007;
large effect size Hedge's g=2.21]. This difference was
maintained at the August 2018 follow-up [intervention: 0.04
(0.03); control: 0.33 (SE 0.20); adjusted difference=-0.20
SED, P<0.001; Hedge's g=-1.4].

Treatment effect on secondary outcomes

Total UVR exposure [mean (SD)] was also lower in the inter-
vention group at the June 2018 post-intervention assess-
ment [intervention: 0.07 (0.05); control: 0.58 (0.19); adjusted
difference=-0.30 SED, P<0.001] and at the August 2018

follow-up [intervention: 0.08 (0.05); control: 0.42 (0.26);
adjusted difference=-0.24, P<0.001].

Based on 540 daily observations for 15 of 16 randomized
patients, there were no significant differences observed
for proportion of time spent outside during which face
photoprotection was ‘very good’ or ‘excellent’, average
daily frequency of sunscreen application, confidence in
ability to photoprotect, automaticity of photoprotection,
perceived importance of photoprotection, or mood. Effect
sizes were small, favouring the intervention (Table 2;
Figure 3).

Tertiary outcomes

Observed means and estimated mean differences between
groups for patient-reported outcomes using standard-
ized scales completed once at the end of each reporting
period are shown in Table S2 (see Supporting Information).
Differences for quality of life, emotional wellbeing, self-effi-
cacy (confidence) for wearing photoprotective clothing and
automaticity were small and nonsignificant. Self-efficacy for
applying sunscreen was higher for the intervention group
across t1 and t2 (adjusted difference=-0.46, P<0.05).
Differences for the adherence behaviour subscales were
small to medium in favour of the intervention, but only sig-
nificant for sunscreen application frequency (adjusted differ-
ence=-1.25, P<0.05).

Exploratory delayed-intervention control group
outcomes

We assessed within-person changes in the delayed-
intervention control group between the June 2018 and
June 2019 assessment periods (Table 2). Although effect
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Treatment effects on primary outcome and secondary outcomes

XPAND intervention Delayed-intervention

group control group Adjusted mean difference
Variable Period n Mean (SD) n Mean (SD) Mean diff (SE) P-value 95% ClI Hedge's g
Daily UVR dose to Apr18e 6 0.03 (0.03) 7 0.26 (0.17)
face (SED) Jun18 5 0.03 (0.02) 7 0.43 (0.17) -0.25 (0.05)" < 0.001 -0.351t0-0.15 -2.21
Aug18 5 0.04 (0.03) 7 0.33 (0.20) -0.20 (0.05)° < 0.001 -0.29 t0 -0.10 -1.40
Apr19 0 7 0.14 (0.07)
Jun19 0 7 0.41(0.27) -0.05 (0.08)¢ 0.542 -0.19t0 0.10 -0.12
Daily total (SED) Apr18 6 0.05 (0.05) 7 0.36 (0.21)
Jun18 5 0.07 (0.05) 7 0.58 (0.19) -0.30 (0.06)° < 0.001 -0.42 t0 -0.18 -2.01
Aug18 5 0.08 (0.05) 7 0.42 (0.26) -0.24 (0.06)° < 0.001 —-0.36 to -0.11 -1.20
Apr19 0 7 0.21 (0.07)
Jun19 0 7 0.56 (0.32) —-0.05 (0.09)¢ 0.588 -0.22 10 0.13 -0.10
Daily minutes Apr18 6 75.95 (42.93) 7  356.43(163.48)
outside (daylight Jun18 5 105.57 (65.83) 7 274.41 (150.86) -51.11 (81.03)° 0.528 -209.92 to 107.70 0.33
hours) Aug18 5 123.57 (38.28) 7 280.20 (177.17)  —43.52 (73.90)° 0.556 —88.36 to 101.31 0.32
Apr19 0 7 237.65 (124.03)
Jun19 0 7 22765 (131.92) —69.90 (48.31)° 0.148 -164.59 to 24.78 -0.28
Daily high-risk Apr18 6 2726 (15.65) 7 12752 (68.92)
minutes outside Jun18 5 21.86 (18.84) 7 71.29 (45.18) —-23.80 (23.15)° 0.304 —-69.18 t0 21.58 -0.53
(1Tam-3pm) Aug18 5 41.05 (14.05) 7 87.82 (66.20) —27.34 (24.54)° 0.265 —-75.43 t0 20.75 -0.54
Apr19 0 7 76.43 (49.57)
Jun19 0 7 68.50 (48.06) -21.32 (16.26)° 0.190 -53.19 to 10.54 -0.20
Daily proportion of Apr18 6 0.68 (0.32) 7 0.29 (0.41)
time outside Jun18 6 0.67 (0.38) 7 0.34 (0.35) 0.06 (0.11)° 0.546 -0.27 10 0.15 0.1
photoprotection very  Aug18 8 0.68 (0.34) 7 0.34 (0.43) 0.01 (0.10)° 0.897 -0.21100.18 0.02
good/excellent Apr19 0 7 0.31 (0.44)
Jun19 0 7 0.61(0.37) 0.23 (0.13)¢ 0.065 -0.01 t0 0.48 0.45
Daily number times Apr18 6 1.03 (0.51) 7 1.32 (0.37)
sunscreen applied Jun18 7 0.98 (0.65) 7 1.40 (0.56) -0.33 (0.27)° 0.213 -0.86t0 0.19 -0.34
Aug18 8 1.04 (0.62) 7 1.24(0.24) -0.18 (0.21)° 0.389 -0.59 10 0.23 -0.23
Apr19 0 7 1.04 (0.46)
Jun19 0 7 1.66 (0.54) 0.27 (0.20)° 0.161 —-0.11 t0 0.66 0.28
Mood Apr18 6 781 (0.89) 7 6.77 (1.47)
Jun18 7 8.47 (1.47) 7 723 (1.40) 0.20 (0.49)° 0.686 -0.77 t0 1.17 0.09
Aug18 8 8.38 (1.50) 7 7.38 (1.33) 0.01 (0.56)° 0.984 -1.09to 1.1 0.00
Apr19 0 7 6.88 (1.78)
Jun19 0 7 8.23 (1.21) 0.80 (0.28)¢ 0.005 0.25to0 1.35 0.40
Automaticity of Apr18 6 8.29 (1.36) 7 6.30 (1.97)
protection Jun18 7 8.07 (2.62) 7 6.86 (2.01) -0.93 (0.95)° 0.329 -2.79 10 0.94 -0.24
Aug18 8 751 (3.28) 7 7.18 (1.89) -1.71 (1.113)° 0.130 -3.94 10 0.51 -0.38
Apr19 0 7 6.51 (2.60)
Jun19 0 7 7.88 (1.58) 0.55 (0.18)° 0.003 0.19-0.90 0.21
Confidence in Apr18 6 721 (3.07) 7 6.21 (1.83)
protection Jun18 7 8.36 (1.93) 7 6.86 (1.95) 0.76 (0.56)° 0.175 -0.34 to0 1.86 0.25
Aug18 8 8.11 (2.19) 7 7.21 (1.81) 0.12 (0.47)° 0.790 -0.80 to 1.04 0.04
Apr19 0 7 6.42 (2.43)
Jun19 0 7 7.99 (1.29) 0.568 (0.28)¢ 0.041 0.02-1.13 0.23
Importance of Apr18 6 9.06 (0.77) 7 6.88 (1.87)
protection Juni18 7 8.82 (1.64) 7 7.11 (1.87) -0.24 (0.69)° 0.727 -1.59to 1.1 -0.09
Aug18 8 8.60 (1.80) 7 740 (1.71) -0.65 (0.77)° 0.395 -2.15t0 0.85 -0.23
Apr19 0 7 6.57 (2.52)
Jun19 0 7 8.27 (1.42) 0.78 (0.28)° 0.006 0.22-1.33 0.32

Cl, confidence interval; SED, standard error of difference; UVR, ultraviolet radiation. eThese observations are prior to the group receiving the XPAND
intervention. PDifference is adjusted mean difference between XPAND group and delayed-intervention control group at the same time point. <Differ-
ence is adjusted mean difference for delayed-intervention control compared with the same time period in previous year.

sizes favoured the intervention, no statistically significant
differences were observed for the mean daily UVR dose
to face (adjusted difference=-0.05, Hedge's g=-0.1),
total UVR exposure (adjusted difference=-0.05, Hedge's
g=-0.10), time outside (adjusted difference=-69.9,
Hedge's g=-0.28), proportion of time outside with ‘very
good’ or ‘excellent’ facial photoprotection (adjusted dif-
ference=0.23, Hedge's g=0.45), or the number of times
sunscreen was applied (adjusted difference=0.27, Hedge's
g=0.28). Statistically significant differences were observed

in favour of the intervention for daily self-reported ratings
of mood (adjusted difference =0.80, Hedge's g=0.4), auto-
maticity (adjusted difference =0.55, Hedge's g=0.21), con-
fidence (adjusted difference=0.58, Hedge's g=0.23), and
importance of photoprotection (adjusted difference=0.78,
Hedge's g=0.32).

Treatment effects were consistent with the intention-to-
treat sample, in sensitivity analyses which excluded cases
without dosimetry/diary data/fewer sessions. No trial-
related adverse events were recorded.
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Minutes outside, daylight hours -
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Times sunscreen applied
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Self-efficacy

Importance -

®

735

XPAND Jun18 versus control Aug18
95% Confidence Interval

-3

T T T T T
-2 -1 0 1 2 3
Favours XPAND — Favours Control

Standardized mean difference (Hedge's g)

Adjusted mean daily dose to face (standard error of difference, SED) for the primary outcome at assessment t1 and t2, with 95%

confidence interval.
Fidelity

Facilitator adherence to the XPAND intervention was high,
with an average of 85% treatment fidelity achieved across
the six sessions [1: 92% (95% Cl 90-94%); 2-5: 78% (95%
Cl 73-83%); 6: 86% (95% Cl 83-90%)].

Economic analysis

Resource use information was collected 9 months after
baseline assessment for both XPAND intervention and
delayed-intervention control groups. Full details of resource
use are provided in Table S3 (see Supporting Information).
After adjusting for baseline costs, the intervention group had
costs that were on average £2642 lower than for ‘treatment
as usual’ alone (95% Cl -£8715 to £3873). The intervention
group accrued on average 0.714 QALYs over the period from
baseline to t3 compared with 0.699 for the control group.
After adjusting for baseline quality of life, the intervention
group accrued 0.0141 fewer QALYs (95% Cl —-0.0369 to
0.0028). The ICER was £187 376 for treatment as usual
compared with the intervention. Over a 15-year period it
was estimated that the intervention would result in fewer
cases of cancer.

Discussion

Participants who received XPAND had a significantly lower
UVR dose to face compared with controls. The size of
the effect was large, which would be expected to reduce
morbidity and mortality from facial skin cancers. The small
sample prevented full mediational analysis, and there were
no differences between groups on daily measures of psy-
chological process variables, but the results suggest that
perceptions of importance of photoprotection, self-efficacy
to photoprotect, and automaticity are potential mechanisms
of change underlying improvements in photoprotection

behaviour. Receipt of XPAND had a positive impact on UVR
dose to face without diminishing emotional wellbeing.

The economic evaluation showed that health-related qual-
ity of life and hence QALYs were similar between the two
groups, although slightly lower in the intervention group.
Costs were much lower in the intervention group; how-
ever, neither difference was statistically significant. Based
on the difference in mean costs and QALYs (adjusted for
baseline), we conclude that the intervention was the most
cost-effective option.

There are strengths and limitations. The XPAND inter-
vention was based on formative research, which identified
the psychological drivers of photoprotection specific to
the XP population* and then systematically mapped evi-
denced-based BCTs to these drivers.'® The primary limi-
tation of the study was the small sample and the failure
of randomization to balance baseline differences in dose
to face between groups. Although statistical analysis
adjusted for baseline levels, we could not ascertain the
true effect size. Failure of randomization in small sam-
ples is a known pitfall of rare disease trial design.?® The
delayed-intervention control arm aided interpretation of the
between-groups findings and increased confidence that
XPAND was effective.

In terms of future research, we recommend that XPAND
is trialled in a larger international group of patients with
XP, with an extended duration of follow-up. High adher-
ence rates suggest that the daily measures are acceptable
to participants, consistent with findings in other patient
groups.?”?¢ UVR dose-to-face measurements highlighted
how UVR protection requires a reduction in the guantity of
exposure alongside better photoprotection during exposure.
We consider that an adapted version of XPAND may be a
promising new approach to improving photoprotection in the
many patients who do not have XP but are also at high risk of
skin cancer.?® Despite extensive efforts, poor photoprotec-
tion has proven hard to improve in patients with melanoma
and nonmelanoma skin cancer.30:3'
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Despite the challenges of evaluating an intervention in
an extremely rare disease, our findings show that receipt
of XPAND was associated with a lower UVR dose to face,
and exploratory analysis pointed to the psychological mech-
anisms responsible. The intervention was cost-effective and
did not impair emotional wellbeing, thus justifying service
implementation.
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