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ABSTRACT

Objectives
Solid organ transplant recipients are at increased risk of skin cancer, affecting more than 50% of
recipients. We aimed to determine the effectiveness of interventions for behavioral change for

sun protection or skin cancer prevention in solid organ transplant recipients.

Design

Systematic review

Methods

Electronic databases were searched from inception to January 2018. We included randomized
controlled trials that evaluated the effect of behavioral or pharmaceutical interventions on
behavioral change or skin cancer prevention in solid organ transplant recipients. Risks of bias and

evidence certainty were assessed using Cochrane and the GRADE framework.

Results

Twenty trials (n=2,295 participants) were included. The overall risk of bias was low or unclear and
the quality of evidence was very low for all outcomes. Compared with standard care, behavioral
interventions appear to improve sun protection behavior (N=3, n=414, SMD 0.89, 95% Cl -0.84-
2.62, 12 =98%) and knowledge (N=4, n=489, SMD 0.50, 95% Cl 0.12-0.87, 1> 76%). Compared with
calcineurin inhibitors, conversion to mammalian target of rapamaycin inhibitors may reduce the

incidence of non-melanocytic skin cancer (N=5, n=1080, RR 0.46 95% Cl 0.28-0.75, 12°72%).

Conclusions
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Behavioral and pharmaceutical preventive interventions may improve sun protective behavior and
knowledge, and reduce the incidence of non-melanocytic skin cancer, but the overall quality of the

evidence is very low and insufficient to guide decision-making and clinical practice.

PROSPERO Registration number

CRD420170639
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ARTICLE SUMMARY

Strengths and limitations

e A comprehensive review summarising evidence for interventions aimed at the behavioural

oNOYTULT D WN =

10 change and skin cancer prevention in solid organ transplant recipients

e Few trials included important outcomes of skin cancer and none included melanoma or
15 mortality

17 o

The overall quality of evidence was very low for all outcomes and therefore insufficient to

20 guide decision-making and clinical practice
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1. INTRODUCTION

Skin cancer, including melanoma and nonmelanoma skin cancer (NMSC), is the most frequently
diagnosed malignancy among solid organ transplant recipients, affecting more than 50% of post-
transplantation recipients.”> The cumulative incidence of NMSC increases with time after
transplantation, from 5-10% at 2 years to 40-80% at 20 years.>* Squamous cell carcinomas (SCC)
account for 95% of skin cancers diagnosed, with an incidence of 65 to 250 times greater than the
age and gender-matched general population.>” Once cancer develops, the excess risks of death
from invasive and metastatic skin cancer, such as SCC and melanoma, are three times to nine

times higher than the general population, with five-year overall survival of less than 30%.5811

Sun exposure behaviors remain the most significant and modifiable risk factor in the prevention of
skin cancers in the general population.’> However, with the dramatic increase in skin cancers in
solid organ transplant recipients, pharmaceuticals have also been used to reduce and delay the
development of skin cancer.1>13 Current recommendations for preventive strategies have often
been extrapolated from guidelines in the general population, which may not be applicable to solid
organ transplant recipients.* For example, frequent skin self-examination and annual to biannual
total body skin examination are generally recommended for the general population.416 Sun
protective behaviors including use of sunscreen, protective clothing and limiting sun exposure
during peak hours are potential measures for skin cancer prevention.>*1° Further, alteration of
maintenance immunosuppression such as conversion to mammalian target of rapamaycin
inhibitors (mTORI) and secondary prevention using retinoid acitretin are recommended for

management of skin cancers in high risk transplant recipients.®
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The aim of this study is determine the effectiveness of interventions that promote behavioral

change and skin cancer prevention in solid organ transplant recipients.

2. METHODS

This systematic review followed a pre-specified protocol registered in PROSPERO
(CRD4201706392) and is reported in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) checklist.'” The study was exempt from approval from an

ethics’ board. There was no patient or public involvement.

2.1 Inclusion criteria

All randomized controlled trials (RCTs) or quasi RCTs (allocated to trial arms by investigators) of
interventions for skin cancer prevention (both melanoma and non-melanoma skin cancer) in solid
organ transplant recipients were included. Behavioral interventions defined as any strategy used
to promote sun protective behavior including passive (e.g. pamphlets), active (e.g. group
workshops, counselling, dermatology clinic) and provision of sun protective equipment; and
pharmaceutical interventions (switch to mTOR inhibitors, photodynamic therapy, immune
response modifiers, nicotinamide and oral retinoids) and studies that reported skin cancer related
outcomes as their primary outcomes were included. Studies that did not report these outcomes as
primary end-points were excluded. Studies of interventions for the treatment of skin cancer were

excluded.

2.2 Search strategies

We searched MEDLINE, Embase, the Cochrane Central Register of Controlled Trials (CENTRAL) and

CINAHL from inception to January 2018 without language restriction, using search strategies
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designed by a specialist information manager (Figure S1). Reference lists of included studies were

also searched.

2.3 Data extraction

Titles and abstracts were reviewed by two independent authors (LJJ & LL) and those that did not
meet the inclusion criteria were excluded. Full text articles were reviewed by 3 independent
reviewers (LJJ, VS, LL) and any disagreements were resolved by discussion. Data on study design,
geographic location, sample size, type of transplant, measurement of interventions, interventions
and comparators were extracted. We sought unclear or missing information from authors where

possible.

2.4 Outcome measures

The pre-specified outcome measures were incidence of precancerous and cancerous lesions, sun
protection behavior (including use of sunscreen, use of protective clothing including hats and
sunglasses, shade and sun avoidance), knowledge and attitude, skin self-examination, sun
exposure (including skin irritation, sunburn) and biologic measures (including measurement of

melanin index and sun damage assessment).

2.5 Risk of bias and quality of evidence

The risk of bias was assessed independently by LJJ and VS using the Cochrane risk of bias tool.'8
The domains included in the assessment were: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, trial registration and industry involvement. Each criterion was
assigned a judgment of high, low or unclear risk of bias. Intention to treat and lost to follow up

were also assessed for each study. The quality of the evidence informing summary estimates for
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each outcome was then assessed by LJJ using the Grading of Recommendations Assessment

Development and Evaluation (GRADE) guidelines.1?

2.6 Data synthesis and statistical analyses

Continuous outcomes were summarized as mean difference (MD) or standardized mean
difference (SMD) and dichotomous outcomes as relative risk (RR). A MD/SMD greater than zero
and/or a RR greater than 1 could be interpreted as favoring the intervention group relative to the
control, unless specified elsewhere. Risk estimates were reported with 95% confidence intervals
(CI), using random-effects meta-analysis. We considered P values <0.05 to be statistically
significant. We quantified the heterogeneity using the 12 statistic. An 12 value of <25% was
considered to represent low heterogeneity and >75% as high heterogeneity. When sufficient data
were available, possible sources of heterogeneity were investigated using subgroup analysis based
on pre-specified study characteristics including sample size, trial duration, setting and overall risk
of bias. Funnel plots were planned to evaluate small study effects when at least ten studies were
included in meta-analysis. All analyses were conducted using Review Manager version 5.3

software.

3. RESULTS
3.1 Study selection

The literature search identified 1099 articles, of which, 854 were excluded after abstract and title

review. Full text assessment of 78 studies found 21 eligible articles for inclusion (Figure 1).

3.2 Studies characteristics

We included 21 reports of 20 RCTs, including 2,295 participants (Figure 1). The study
characteristics are summarized in Table 1 and Table 2. The median number of participants was 44

(range 17 to 824) and the median follow-up duration was 10 months (range 1 day to 36 months).

10
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All studies included kidney transplant recipients, with some also including heart transplant
recipients (n=1), liver, heart, pancreas, lung, heart/lung and other transplants (n=1), and lung and
liver transplant recipients (n=2). In total, 15 of 21 (76%) studies provided sufficient data for the
meta-analyses. Six studies did not meet final criteria for meta-analysis as they had the same

sample of participants (n=1),%° or did not provide data that was able to be meta-analyzed (n=5).2"

25

3.3 Risk of bias and quality of the evidence

Overall studies were at low or unclear risk of bias for many domains (Figure 2; Figure S2).
Allocation concealment was adequate in 7 (35%) of 20 studies, and unclear in 12 (60%) studies.
Participants were blinded in 4 (20%), and outcome assessors were blinded in 10 (50%). Intention
to treat analyses were used in 6 (30%) studies and 256 (11%) patients were lost to follow-up. A
total of 3 (15%) studies had incomplete outcome data, and all studies were at low risk for selective
reporting. Seven studies (35%) reported industry involvement in authorship, design, or data

analysis, and of the 16 trials requiring trial registration, only 9 (56%) reported accordingly.

The overall quality of the evidence was very low for all outcomes (Table S1) due to limitations in
study design, heterogeneity in the intervention and outcomes measures, the very small sample
size of individual studies and the small number of studies for each specific outcome. Obtaining an
overall summary estimate was difficult for many outcomes due to the variability in the analytical
methods and reporting in individual studies. In particular, assessment of reporting of sun
protection behavior and sun protection knowledge was not possible as outcomes were
inconsistent and there was large diversity of interventions used (e.g. written education material
versus a mobile app program). Furthermore, formal testing of publication bias was not performed
due to insufficient data.

11
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3.4 Interventions

The interventions in the included studies were grouped in three broad categories, behavioral
(n=6), switch to mTOR inhibitors (n=6), and other pharmaceutical interventions (photodynamic
therapy, immune response modifiers, oral retinoids and nicotinamide) (n=9). Studies of behavioral
interventions used passive methods of delivery including written educational material (n=2), both
written educational material and text messages (n=1), mobile app programs (n=2) and a video

(n=1).

All six studies of immunosuppression compared mTORis (sirolimus) to calcineurin inhibitors (CNI)

based therapies.

Four of the eight studies of other pharmaceutical interventions assessed the effect of
photodynamic therapy using methyl aminolevinate creams compared to placebo (n=1), no
treatment to contralateral area (n=2) or a topical immune response modifier cream (n=1). Three
studies assessed oral retinoid using acitretin compared to placebo (n=1), lower dose (n=1) or a
drug free period (n=1), one study assessed nicotinamide compared to placebo and a single study
assessed the benefits of topical immune response modifier compared to placebo in kidney

transplant recipients.

3.5 Effect of behavioural interventions on sun protection outcomes

Sun protection behavior

Sun protection behavior, defined as hours spent outdoors per week, use of sunscreen, wearing
protective clothing and seeking shade, was assessed in three trials?®28. Educational workbooks,2®
educational workbooks and text messages?’ and a mobile app program?® were compared with

standard care. Patients who received behavioral interventions reported improved sun protection

12
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behavior scores?6-28 (3 studies, 414 participants, SMD 0.89, 95% Cl -0.84-2.62, 1>298%) (Table 3;
Figure 3). A single trial assessed a standardised and validated educational workbook and found an
improvement in the proportion of participants engaging in skin self-examination after one month
(75 participants, RR 4.14, 95% Cl 2.22-7.72).2° One trial assessed a mobile app program and
reported a reduction in daily hours spent outdoors among the intervention group (170

participants, SMD -6.12, 95% Cl -711 to -5.13).%8

Sun protection knowledge

The effectiveness of educational workbooks, text messages, mobile app programs and videos on
sun protection knowledge was assessed in 6 studies?%2426-2% four of which provided data for a
meta-analysis. There was an improvement in knowledge scores (4 studies, 489 participants, SMD
0.50, 95% CI 0.12-0.87, 1> 76%) in the intervention group compared to standard care (Figure 4).26-%°
One study compared an interactive visual representation of the educational program with
standard information pamphlets and found that knowledge of sun protection improved among

those who received the educational video.?4

Sun protection attitude

Three studies assessed sun protective attitude after receiving an educational workbook, text
messages or a mobile app program over a period of 0.5 months to 1.5 months.?’-2° Compared to
standard care, there was an overall improvement in scores of concern about developing cancer (3
studies, 348 participants, SMD 1.85, 95% Cl 1.59-2.11, 1?2 96%).27-?° Two studies involving 273
participants reported an improvement in scores of understanding the personal risk of skin cancer
(SMD 0.61, 95% CI -0.60-1.82, 12 96%), adherence to sun protection (SMD 0.77 95% Cl -0.14-1.68, |2
92%) and willingness or intention to change behavior (SMD 1.70, 95% Cl -1.68-5.07, 1299%).2728 A
single study involving 75 participants also reported an improvement in scores of ability to

13
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recognize a potential skin cancer (MD 1.80, 95% Cl 1.35-2.25), importance of skin self-examination
(MD 1.05, 95% Cl 0.61-1.49) and having a partner help for skin self-examination (MD 1.59, 95% ClI
1.10-2.08).2° Another single study reported an improvement in the importance of engaging in sun

protection (measured using 5-point Likert scale) (101 participants, MD 7.00, 95% Cl 2.94-11.06).%’

Skin complications and biologic measures

Two trials of behavioral interventions in 271 kidney transplant recipients compared a mobile app
or an educational workbook and text messages to standard care on reported skin complications
and biologic measures of sun exposure.?’-28 The intervention group experienced a reduced
incidence of skin irritation (a culturally relevant term for sun exposure3°) (RR 1.00, 95% CI 0.89-
1.13, 12 95%) or sunburn (RR 3.19, 95% Cl 2.47-4.10, 12 99%). They also had a decreased melanin
index (right forearm, SMD -0.42, 95% Cl -0.66 to -0.18; cheek SMD -0.25, 95% CI -0.64 to -0.15) and
reduced severity of sun damage (SMD -0.13, 95% Cl -0.40 to 0.13) on sun exposed areas

(measured using clinical images of chronic sun damage and scored 1-10).

3.6 Effect of pharmaceutical interventions on skin cancer prevention

The incidence and responses of pre-cancerous lesions were measured only in trials of
pharmaceutical interventions (Table 4). These included the switch to mTOR inhibitors (n=1),3!
photodynamic therapy (n=2)3233 and immune response modifiers (n=1)3* to current treatment,
lower dose or no treatment. The incidence of non-melanocytic skin cancers (NMSC) was assessed

in nine pharmaceutical studies.'3%:34-40 None included melanoma as an outcome.

Topical/local interventions

14
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One trial of 14 participants compared an immune response modifier, 5% imiquimod cream with
placebo and found a reduction in the incidence of skin dysplasia (RR 2.14, 95% Cl 0.31-14.65), skin

atypia (RR 3.00, 95% Cl 0.47-19.35), and viral warts (RR 7.00, 95% Cl 0.46-106.10).34

One Danish study of 26 kidney transplant recipients compared photodynamic therapy with no
treatment and reported a relative reduction by approximately 40% in the incidence of NMSC on
the treated area (RR 0.59, 95% Cl 0.34-21.03, p 0.06).%° A lower incidence of SCC was also reported
in one trial comparing two areas of skin using an immune response modifier and placebo (14
participants, RR 0.09, 95% Cl 0.0.01-1.70).34 Two trials comparing photodynamic therapy to an
immune response modifier or photodynamic therapy to placebo in recipients with diagnosed
keratoses reported a complete response rate of 60% compared to 24% in the control group (50
participants, RR 5.03, 95% Cl 0.14-176.17, |1285%).3%:33 Further, one trial which was not included in
the meta-analysis, reported a higher cumulative incidence of actinic keratosis lesions in untreated

skin (63%) compared with skin treated by photodynamic therapy (28%).23

Systemic interventions

mTORis therapy reduced the incidence of NMSC compared to CNIs maintenance therapy (5 trials,
1082 participants, RR 0.46, 95% Cl 0.28-0.75, 1> 72%) (Figure 5).131,3537.3%9 However evidence was
limited due to short follow-up periods, variability in dosing of mTORis and significant rates of loss
to follow up. A single trial involving 21 patients reported a reduction in the overall incidence of
SCC by 49% in the conversion arm, but reported a drop out rate of 77% and follow-up time of less
than 2 years.?! Further, a single trial which compared mTORi conversion from CNI based therapy
reported a significant improvement in skin dysplasia (32 participants, RR 24.35, 95% Cl 1.55-

381.99).31
15
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Two trials comparing an oral retinoid, acitretin, with placebo or a drug free period reported an
increased lower risk of both SCCs and BCCs (46 participants, RR 0.40, 95% Cl 0.19-0.85, p 0.02; RR
0.50, 95% ClI 0.14-1.76%) or development of a new skin cancer (19 participants, RR 0.22, 95% Cl
0.06-0.90). However, there were no differences in the incidence of new SCCs.3® One trial, which
was not included in the meta-analysis, showed approximately a 50% reduction in the incidence of

actinic keratosis which compared a high dose to a low dose of acitretin.??

One Australian trial of 22 kidney transplant recipients compared nicotinamide with placebo and
reported an estimated relative rate difference of 0.35 (95% Cl -0.62 to 0.74), 0.67 (95% Cl -0.40 to

0.90) and 0.07 (95% Cl -1.51 to 0.65) for NMSC, BCCs and SCCs respectively.?

3.6 Subgroup analysis

Study size, trial duration, setting and risk of bias did not modify the effects of CNIs and mTORIs on
skin cancer incidences (Figure S3). Sources of heterogeneity for other treatment effects could not

be explored due to insufficient data.

4. DISCUSSION

Skin cancers (both non-melanoma and melanoma) are major causes of morbidity and mortality in
solid organ transplant recipients. Despite this, trials of interventions aimed at preventing skin
cancer in solid organ transplant recipients are few in number (20 trials), small with half comprising
of 50 patients or less, of short duration (48% have <12 months follow up) and 52% do not include
incidence of skin cancer as an outcome. Our review included 21 reports of 20 trials involving 2,295
transplant recipients, who were predominately kidney transplant recipients. The studies covered a

broad range of interventions, including behavioral to improve sun protection behavior and

16
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pharmaceutical (immunosuppression, photodynamic therapy, oral retinoid, nicotinamide and
topical immune response modifiers) to evaluate precancerous lesion response and cancer
incidence. None of the behavioral intervention studies included precancerous lesions or skin
cancer incidence as outcomes. Although interventions showed plausible improvements to sun
protection behaviors, precancerous lesion responses and cancer incidence, there was considerable
variability across interventions types, variability in outcomes assessed and outcome estimates.
Overall, the current evidence for interventions for skin cancer prevention in solid organ transplant

recipients is of very low quality and is insufficient to guide decision-making and clinical practice.

Although behavioral interventions appeared to improve sun protection attitude, knowledge and
behavior, there were inconsistencies detected and none of these studies included skin cancer as
an outcome. Due to limited number of studies, we were unable to compare specific behavioral
interventions (e.g. mobile app vs. written education) to ascertain the most effective method of
delivering sun protection education. While there may be some modest benefits in the reduction in
cancer incidence (for NMSC) among solid organ transplant recipients who were converted to
MTORIs compared to those on CNI maintenance, there was substantial heterogeneity across the
studies that was unable to be explained by subgroup analyses. Heterogeneity may be attributed to
the absence of long term follow up, large discontinuation rates owing to adverse events and
variability in the doses of mTORIs. Pharmaceutical interventions (switch to mTOR inhibitors,
photodynamic therapy, immune response modifiers) showed a reduction in precancerous lesions
compared to standard care or a comparator group. However uncertainty exists in the treatment
effects and there were too few studies, interventions were incomparable, follow-up times were
variable and considerable loss to follow up for some studies to conclude that the benefits are

sustainable.
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Previous systematic reviews have evaluated the impact of behavioral interventions on skin cancer
prevention in the general population,*! and concluded that computer programs may increase sun
protective behaviors, and ‘appearance-focused’ interventions may decrease sun tanning and UV
exposure in adolescents and young women, respectively. Reviews conducted in other populations
at high-risk including outdoor workers,*? family history, personal history and phenotypic factors*?
have found similar improvement in sun protective behaviors, including use of sunscreen, as well as
a decreased incidence of keratoses. A systematic review of the benefits and harms of oral
retinoids for the prevention of skin cancer among high risk transplant recipients led to inconclusive

results on the effect of acitretin due to the small number of included trials.**

Despite the inclusion of all interventions aimed at the prevention of skin cancer in solid organ
transplant recipients and the comprehensive systematic search for eligible studies, there are some
potential limitations. Due to the heterogeneity of the studies, the high risk of bias, the potential
for reporting bias and imprecision in the point estimates of individual studies, there is a high
degree of uncertainty in the estimate of the effect of skin cancer prevention interventions.
Further, given the small number of studies included in the meta-analysis, we were unable to
perform any detailed subgroup analyses or assess for publication bias. Finally, few trials included

the important outcomes of skin cancer and none included melanoma or mortality.

Although behavioral change is a simple strategy, long-term adherence remains challenging.

While behavioral counseling has been shown to increase sun protective behaviors in non-
transplant populations,*! there is no direct evidence to show that the behavioral change led to a
reduction in morbidity and mortality. Previous studies have suggested that transplant recipients
do not practice sun protective behaviors regularly,*-4” were less likely to use sunscreen*® and that

patients have to perceive skin cancer as being an important risk to be motivated to change
18
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behavior.*>>% However, studies on risk perception of transplant recipients remain conflicting.
Given this complexity and the observed inconsistencies in the existing trials, process evaluations
including facilitators and barriers to behavioral change should be included in future trials. Such
evaluations could include the use of qualitative methodology to support the trial design, ascertain

the perspectives of participants on the intervention and evaluate the implementation.>>2

We suggest that further strategies for skin cancer prevention in transplant recipients require a
multifaceted and individualized approach. Transplant recipients are likely to benefit from early
implementation of education, particularly before transplantation occurs and recipients may be
preoccupied with other health needs related to transplantation. Although recipients understand
the importance of ongoing education for the ability to self-manage their disease, they may
experience difficulty in concentrating and learning new knowledge, and are often unable to look
beyond their graft and the anxiety/fear of graft loss.>3->> Interventions should be integrated into
routine appointments and tailored to meet the individual needs of patients. This would be best
achieved through a shared decision-making approach to identify the patient’s preferences and

priorities and thereby enhance the likelihood of success of self-management and prevention.>®

Additional large-scale and high-quality RCTs are needed to demonstrate the effectiveness of
interventions used to prevent skin cancer in transplant recipients in terms of patient important
outcomes, in particular morbidity and mortality associated with skin cancer. Determining patient’s
preferences for prevention and management of skin cancer are also warranted to ensure
interventions and outcomes for trials are relevant to patient needs and priorities and better
support patient-centered treatment decisions.>’ Evidence of the efficacy of sun protective
behavior interventions need to be strengthened, with use of measures that are homogenous,

reliable and validated.
19
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Preventative measures including behavioral, switch to mTOR inhibitors and other pharmaceuticals
may improve skin cancer outcomes for solid organ transplant recipients. However, the overall
quality of evidence is of very low and insufficient to guide decision-making and clinical practice.
Future robust studies that are well powered, have long-term follow up, and use clinical and
patient important outcome measures in a consistent manner are required to therefore optimize

outcomes for solid organ transplant recipients.
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Characteristics N (%)
1 Type of transplant
2 Kidney 17 (81.0)
" Multiple* 4(19.0)
5 Sex
6 >50% Male 19 (90.5)
7 < 50% Male 1(4.8)
g Not specified 1(4.8)
10 Age(mean)
11 <60 11 (52.4)
12 > 60 5 (23.8)
1 j Not specified 5 (23.8)
15 Sample size
16 10-50 11 (52.4)
17 50 — 100 3(14.3)
12 100 — 200 5 (23.8)
- >200 2(9.5)
1 Setting
22 Single center 8(38.1)
23 Multi center 12 (57.1)
;2’ Not specified 1(4.8)
26  Country of origin
27 Australia 3(14.3)
28 Denmark 4 (19.0)
gg France 1(4.8)
31 Germany 1(4.8)
32 Netherlands 2 (9.5)
33 New Zealand 2 (9.5)
34 Switzerland 1(4.8)
22 Sweden 1(4.8)
37 United Kingdom 3(14.3)
38 United States 7 (33.3)
39 Othert 1(4.8)
2(1) Intervention Type
) Behavioral 6 (28.6)
43 Switch to mTOR inhibitors 6 (28.6)
44 Photodynamic therapy 4 (19.0)
45 Oral retinoid 3 (14.3)
j? Nictotinamide 1(4.8)
48 Topical immune response modifier 1(4.8)
49  Duration of follow up
50 <12 months 10 (47.6)
g; 12 months 4 (19.0)
53 24 months 5(23.8)
54 >24 months 1(4.8)
55 Not specified 1(4.8)
g? Year of publication
s 1995 — 1999 1(4.8)
59 2000 — 2004 3 (14.3)
60 2005 — 2009 4 (19.0)
2010 - 2014 8 (38.1)
2015 -2017 5 (23.8)

* Kidney, liver and lung (n=2); kidpeyand, east (Reh AR nRnd my tinis othes SWRes 0rid messderhi

T 111 centres in Asia, Australia, Europe, the Middle East, North America (Canada, Mexico, United States), South Africa, and
South America (Argentina, Brazil, Chile
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Table 2. Characteristics of individual studies
Primary
outcomes

Intervention

N  Type of transplant

Setting Type of intervention Measures Comparator

3Behavioral interventions (n=6)

1
o
N
©
N
(o2}
a1

4Clowers- 202 Kidney, liver, heart,  Single centre, Behavioral Self-reported Repetitive Standard Knowledge & 10
ZWebb pancreas, lung, United States guestionnaire written mat@rial care behavior

-2006%° heart/lung, other? g

8Robinson 75  Kidney United States Behavioral Self-reported Workbook § Standard Knowledge & 1
920112 guestionnaire N care behavior

"Robinson 101 Kidney Single centre, Behavioral Self-reported Workbook © Standard Knowledge & 1.5
1é01427 United States guestionnaire Text messaés care behavior

13 Physical examination S

;Eobinson 170 Kidney Multi-centre, Behavioral Self-reported Mobile app§ Standard Knowledge & 0.5
1801520F United States guestionnaire program §: care behavior

TRobinson 170 Kidney Multi-centre, Behavioral Self-reported Mobile appé Standard Knowledge & 1.5
1201628 United States guestionnaire program % care behavior

20 Physical examination E

grinh 100 Kidney, liver, lung Single centre, Behavioral Self-reported Video g Pamphlet Knowledge 1 day
2301424* United States questionnaire 3

28witch to mTOR inhibitors (n=6) §

;ﬂlberu 830 Kidney Multi centre§ Switch to mTOR Investigator Conversion §o CNI Cancer 24
2?01135 inhibitors reported adverse sirolimus 5 Incidence

28 events =

2@ampbell 86 Kidney Multi centre, Switch to mTOR Physical examination Conversionfp CNI Cancer 12
3900937 Australia, inhibitors +/- biopsy sirolimus 3 Incidence

g; New Zealand, g

33 United States <

3€arroll 32 Kidney Multi centre, Switch to mTOR Physical examination Conversion @ CNI/AZA Cancer 24
350132" UK inhibitors +/- biopsy prednisolong & incidence

ff sirolimus §

;Iguvrard 120 Kidney Multi centre, Switch to mTOR Physical examination Conversiongb CNI Cancer 24
33012t France inhibitors +/- biopsy sirolimus o incidence
4Ploogendijk- 155 Kidney Multi centre, Switch to mTOR Physical examination Conversionlgp AZA/MMF/ Cancer 24
2\1/an den Netherlands, inhibitors +/- biopsy sirolimus % CNI incidence

Az&kker UK
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o
2013% E
1Salgo 44  Kidney Single centre, Switch to mTOR Physical examination Conversion §3 AZA/MMEF/ Precancerous 12
220103 Germany inhibitors +/- biopsy sirolimus ang CNI skin dysplasia
3 . [N ..
2 Clinical photographs predn|sone§ incidence
5Pharmaceutical interventions — Photodynamic therapy (n=4); oral retinoids (n=3); nicotinamide (n=1); 5% imiquimod creagn (n=1)
?Bavinck 44  Kidney Multi centre,  Oral retinoid Physical examination Acitretin = Placebo Cancer 6
g1995% Netherlands +/- biopsy = incidence
9 E precancerous
10 S lesion
N o reduction
1'§rown 21  Kidney Multi centre, Topical immune Physical examination 5% Imiquimoi)d Placebo Reduction of 4
1400534 UK response modifier +/- biopsy cream % precancerous
15 cream - . a lesions
16 Clinical mapping and 3
17 photographs 3
1€hen 22 Kidney Single centre, Nicotinamide Physical examination Nicotinamide Placebo Cancer 6
1901625* Australia g incidence
20 =l
21 ®
s¢le Sevaux 26 Kidney Single centre, Oral retinoid Physical examination High dose = Low dose Cancer and 12
220032" Netherlands +/- biopsy acitretin % acitretin precancerous
24 g incidence
;E)ragieva 17  Kidney, heart Single centre, Photodynamic Physical examination Methyl § Placebo Precancerous 4
2200432 Switzerland therapy +/- biopsy aminolevuligate lesion
28 Clinical photographs ~ €"€@M R response
;ﬁeorge 23 Kidney Multi centre,  Oral retinoid Physical examination Acitretin Drug free Cancer 24
N
28 . N . -
32002 Australia Annual radiological S period incidence
23 evaluation =
34ogsverd- 25 Kidney Single centre, Photodynamic Physical examination Methyl & No treatment Actinic 36
380 201521 Denmark therapy Clinical photographs aminolevuIiEate contralateral  keratosis
36 cream s area incidence
;gogsverd- 35 Kidney, lung, liver Multi-centre, Photodynamic Physical examination Methyl i 5% Actinic keratosis 6
380 20173 Denmark and therapy Questionnaire/Diary ammolevulféate imiquimoid lesion response
40 Sweden cream Z cream
41 Q
42 =~ 30
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Wulf 27  Kidney Multi centre, Photodynamic Clinical mapping and Methyl No treatment Cancer 12
1200640’r Denmark and therapy photographs aminolevuliate contralateral incidence
5 Netherlands cream area

2

Fxcluded from analyses — no meaningful data to extract

‘Randomized controlled areas of skin on individuals

Excluded from analyses — same participants as Robinson 2016

Bl11 centres in Asia, Australia, Europe, the Middle East, North America (Canada, Mexico, United States), South Africa, and South America (Argen
Abbreviations: CNI, Calcineurin inhibitor; AZA. Azathioprine; MMF, Mycophenolate mofetil

8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4 . 31
43
44
45
46

a, Brazil, Chile
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Table 3. Effect of behavioral interventions on sun protection outcomes

40  self-examination
41 COMPLICATIONS
43 Skin irritation

; Outcome Studies Participants Weighted Relative risk Intervention Comparator
3 MD?/SMD® [95% Cl]
4 BEHAVIORALINTERVENTION (n=5)
5 SUN PROTECTION BEHAVIOR o
? General sun protection behavior 3 414 0.89 [-0.84, 2.62] 0.31% 98% Workbook, text Standard care
= messages, mobile app
8 & program
?0 Skin self-examination §
11 1 month after visit 1 75 4.14[2.22,7.72] <0.0og _ Workbook Standard care
12 If checked, concerned 1 42 6.43[0.42, 98.58] 0.18% —
13 If concerned, saw 1 12 Not estimable® S —
1;’ dermatologist 8
16 Decrease daily hours outdoors 1 170 -1.84 [-2.20, -1.48]¢ <0.00F — Mobile app program Standard care
2
17 SUN PROTECTION KNOWLEDGE 4 489 0.50[0.12, 0.87] 0015 76% Workbook, text Standard care
18 = messages, mobile app
19 = program
20 SUN PROTECTION ATTITUDE %.
21 Concern about developing skin 3 348 1.88 [0.96, 2.80] <0.008 92% Workbook, text Standard care
22 o messages, mobile app
23 cancer 3 program
24  Recognise personal risk 2 273 0.61[-0.60, 1.82] 0.32% 96% Workbook af:_'ltext Standard care
25 Confidence in ability to perform 2 273 0.77 [-0.14, 1.68] 0.105 92% ' eregam
;? sun protection >
2g  Willingness/intention to change 2 273 1.70 [-1.68, 5.07] 0.32% 99%
29 behavior :
30 Knowledge of significance of skin 1 101 0.67 [0.27, 1.07] 0.0013 — Workbook and text Standard care
g; cancer, relevance of sun g messages
33 Pprotection, risk of having a tan ‘CED
34 Confidence in ability to recognise a 1 75 1.76 [1.23, 2.30] <0.00% — Workbook Standard care
35 skin cancer g
g? Importance of skin self- 1 75 1.08 [0.60, 1.57] <0.00§ —
38 examination ;r
39 Importance of partner help for skin 1 75 1.44 [0.93, 1.95] <0.00 —
Z
g
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None 2 271 1.00[0.89, 1.13] 0.95?90 95% Workbook af;)‘?lteXt Standard care
>1 2 271 0.77[0.43,1.36]  036% 8%  pogam
Sunburn (past week) ©
o
None 2 271 3.19[2.47, 4.10] <0.00§ 99%
>1 2 271 2.68[1.81, 3.96] <0.00% 95%
BIOLOGIC MEASURES i
Melanin index - RU arm (sun 2 271 0.12 [-0.12, 0.35] 0.34%l 0% Workbook and text Standard care
protected 2 messages, mobile app
N program
Melanin index - R forearm (sun 2 271 -0.42 [-0.66, -0.18]¢ 0.00]§ 0%
exposed) o
Q
Cheek (sun exposed) 2 271 -0.25 [-0.64, 0.15]¢ 0.225 61%
Sun damage assessment - R 2 271 -0.13 [-0.40, 0.13]¢ 0.33§ 16%
forearm 3
aMean difference g
bStandardised mean difference >
‘Unable to estimate due to absence of comparator group -§
dReduction of outcome of interest represents an improvement §
2
S
(e
3
8
3
S
>
]
5
S
N
3
«Q
c
3
T
2
3
3
g
8
Z
é.
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Table 4. Effect of pharmaceutical interventions on skin cancer prevention

: Outcome Studie Participants Relative risk Intervention Comparator
5 s

3 SWITH TO mTOR INHIBITORS (n=5)

4 PRE-CANCEROUS LESIONS

5 . .

6 Skin dysplasia

7 Any improvement 1 32 24.35[1.55,381.99] 0.02 — Sirolimu CNIP
8 Unchanged 1 32 0.85 [0.28, 2.61] 078 —

?O Any worsening 1 32 0.04 [0.00, 0.66] 0.02 —

11 CANCEROUS LESIONS

g SCCY/BCCe incidence 5 1082 0.46 [0.28, 0.75] 0.002 72% Sirolimu CNI

14 PHOTODYNAMIC THERAPY (n=3)
15 PRE-CANCEROUS LESIONS

uo /Wio9 [wq uadolway/:dny wouy pepeajumoq "pzoz AeIN 2T Uo G9ZE20

1? Actinic keratosis reduction (1-2 sessions)

18 Complete response 2 502 5.03 [0.14, 176.17] 0.37 85% MAL® Place§;r!2;q;im°d
;g Partial response 1 172 7.00 [0.39, 125.99] 0.19 — MAL Placebo
21 No reduction 1 172 0.09 [0.02, 0.40] 0.002 —

;g CANCEROUS LESIONS 1 26° 0.59 [0.34, 1.03] 0.06 — MAL No treatment
54 IMMUNE RESPONSE MODIFIERS (n=1)

25 PRE-CANCEROUS LESIONS

;? Reduced skin atypia 1 142 3.00[047,19.35] 025 ~—  Imiauimod % geom Placebo
28 Reduced dysplasia 1 142 2.14 [0.31, 14.65] 0.44 — E

29 Reduced keratoses 1 142 2.14[0.31, 14.65] 0.44 — ~

;? Reduced no. viral warts 1 142 7.00 [0.46,106.10] 0.16 — §

32 CANCEROUS LESIONS o

33 SCCincidence &

gg Treated (cream vs. placebo) 1 142 0.09 [0.01, 1.70] 0.11 — Imiquimod 5% gﬁeam Placebo
36 Untreated (control site) 1 142 0.43 [0.08, 2.37] 0.33 — @

37 ORAL RETINOIDS (n=2) g

2o CANCEROUS LESIONS s

40 Decreased incidence: <

41 s158CC 1 46° 0.40 [0.19, 0.85] 0.02 — AcitetrinS. Drug free period
fé >1BCC 1 46° 0.50[0.14,1.76] 028 — '

42 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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New skin cancer 1 192 0.22 [0.06, 0.90] 0.03 — Acitreti

Placebo

aControl is the contralateral or similar area of skin on the same participant
bCalcineurin inhibitor

‘Methyl aminolaevulinate cream

dSquamous cell carcinoma

eBasal cell carcinoma
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Figure legends

Figure 1. Study selection

Figure 2. Risk of bias of included studies

Figure 3. Behavioral interventions — Sun protection behavior (general)
Figure 4. Behavioral interventions — Sun protection knowledge

Figure 5. Switch to mTOR inhibitors — Non melanoma skin cancer incidence
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Figure 1. Study sedection

Eligih ity

indude d

Recards iderified trraugh database
searching: (n=1078)
Medline n=312)

Embase [n=507)
Cochrane Central (n=d1)
CIMAHL {n=216}

Additional recards idertified
thraugh ether saurges
In=23}

I

I

Recards belore duplicates remeved
In=1088)

| "l Duplicates excluded (n=1671

Recards screened
(n=432)

Full-text artkcles assessed far eligibility
=)

Records excluded [A=B54);
Mot transplant (n=23%)
Mo sun pratective behavior or cancer
Incidence oukcomes (n=31)
Not RCT {n=21]

Stuclies for systurnitic review [re21]
Studies for meta-analysis {n=15}
Sum protedtion behavor (ned)
Sun protection knowledge [n=8)
Sun protection attitude (n=3)
Skin irritation/sunburn [n=2}
Biologic measures (n=3)
Pre-canceraus incidence |n=4]
Cancer incidence {n=10]

Ful-text ariicles exchided (n=57]:
Mot transpiant [n=6)
P sun protective behavor or cancer
incidence outcomes (n=3t)
Not RCT {n=20]

Figure 1. Study selection
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Figure 2. Risk of bias in included studies

Random sequence generation (selection b-ul— |

Allocation concealment (selection bias) [ =
Blinding of participants and personnel (performance bias) [NNNNNNNNNNNN I
Blinding of cutcome assessment (detection bias) [ Jics]
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Selctive outcome reporting reporivg )

| |
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e
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Figure 2. Risk of bias of included studies
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Intervention

Study or Subgroup Mean 5D

5D Total Weight

BMJ Open

Std. Mean Difference

IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

oNOYTULT D WN =

3.1.1 Sun protection behaviour
Robinson 2016 5774 1318
Rabinson 2014 1976 19.625
Clowers-¥Webb 2006 2.4 0.6
Subtotal (95% CI)

Heterogeneity: Tau®= 2.30; Chi®=125.58, df= 2 (P = 0.00001); F=93%

Test for overall effect: Z=1.01 {P=0.31)

267 [2.26, 3.09]
0.32 [-0.07, 0.71]
-0.30 [-0.63, 0.03]
0.89 [-0.84, 2.62]

277x73mm (72 x 72 DPI)

-
i
-
il
: 0 2 4

Favours control  Favours intervention
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Intervention Standard Care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean 5D Total Weight IV, Random, 95% Cl IV, Random, 95% CI

oNOYTULT D WN =

3.3.2 Sun protection knowledge

Robinson 2011 376 049 3| 283 114 I 5% 1.08[0.67,1.54] —

9 Robinson 2014 671 B.7S 52 229 B.T5 a1 24.4% 0.65[0.25,1.04] —
Clowers-VWehb 2006 944 B8 TOo 934 6.7 71 266% 0.07 [-0.26, 0.40] —m

10 Robinson 2016 B.67 261 84 367 1232 96 27.5% 0.33[0.03, 0.64] -

11 Subtotal (95% CI) 244 245 100.0% 0.50 [0.12, 0.87] L
Heterogeneity: Tau*=0.11; Chi*=12.41, df= 3 (P = 0.0068);, F= 76%

12 Testfar overall effect Z= 2.58 (F = 0.010)

13 . . . .

14 -2 -1 ] 1 2

Favours control  Favours intervention

18 274x79mm (72 x 72 DPI)
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Study or Subgroup

BMJ Open

Sirolimus CHI Risk Ratio
Events Total Events Total Weight M-H, Random, 95% Cl

4.1.1 Any SCCIBCC
Hoogendijk-van den Akker 2013
Salgo 2012

Alberu 2011

Camphell 2012

Euvrard 2012

Subtotal (95% CI)

Total events

1

62

a0 4 23 450% 0.13[0.02, 0.949]

16 a 17 63% 0.13[0.02, 0.95]

541 2200273 NT% 0.27[0.14,0.54]

38 a8 47 331% 0.70[0.51, 0.95]

42 43 44 34.9% 0.63[0.50,0.81]

678 404 100.0% 0.46 [0.28, 0.75]
"7

Heterogeneity: Tau®*= 0.16; Chi*=14.48, df= 4 (P = 0.0068);, F= 72%
Testfor overall effect Z= 310 (P =0.002)

274x90mm (72 x 72 DPI)

Risk Ratio
M-H, Random, 95% CIl
-
R 3
k
&>
om0l 10 100

Favours intervention  Favours control
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Figure S1. Search Strategy

. exp Neoplasms, Basal Cell/

. basal cell carcinoma.ti,ab.

. exp Neoplasms, Squamous Cell/
. squamous cell carcinoma.ti,ab.

. honmelanom*.ti,ab.

. hon melanom*.ti,ab.

.lor2or3ord4or5o0r6

Melanoma/
melanoma¥*.ti,ab.

. Skin Neoplasms/

. skin cancer*.ti,ab.
8or9oril0orll
7o0r12

sun exposure.ti,ab.
sun exposed.ti,ab.
Sunburn/
sunburn.ti,ab.
sunbath*.ti,ab.
Sunlight/
Ultraviolet Rays/
solar radiation.ti,ab.
l4or150r16o0r17or18or19or20or21
sunlamp*.ti,ab.
sunbed*.ti,ab.
tanning bed*.ti,ab.
tanning booth*.ti,ab.
tanning salon*.ti,ab.
tanning device.ti,ab.
artificial light*.ti,ab.

artificial uv.ti,ab.
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36.
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39.
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41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
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indoor tan*.ti,ab.

23 or24 or250r26o0r27o0r28o0r29or300r31
Sunscreening Agents/
sunscreen.ti,ab.

330r34

22 or 32 or 35

13 and 36

exp Organ Transplantation/

solid organ transplant®*.mp.
transplant recipient®.tw.

exp Immunosuppression/
Immunocompromised Host/

38 0or39o0r40o0r4lor42

37 and 43

38 0or39o0r40

13 and 45

randomized controlled trial.pt.
controlled clinical trial.pt.
randomized.ab.

placebo.ab.

Clinical Trials as Topic/

randomly.ab.

(crossover or cross-over).tw.

trial.ti.

50 or 48 or 47 or 54 or 51 or 53 or 49 or 52
Animals/ not (animals/ and Humans/)
55 not 56

46 and 57
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Figure S2. Risk of bias in individual studies
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Table S1. Assessment of quality of studies using the Grading of Recommendat'i)’ons, %sréessment, Development and E\réiuation (GRADE) system.
@
=]

Quality of assessment (Decrease in quality score)

Page 46 of 49

1
2
3
Number of  Risk of bias/Quality of
g studies evidence Inconsistency Indirectness Imprecision Publication bias Quality
; Sun protection behavior %
9 Serious study limitations | Important inconsistency Indirectness Serious impred?sion Uncertain Very low
:(1) (-1) (-1) (-1) (-1) S Unable to determine.
125 RCTS2026 Randomisation Analysed in subgroups. Diverse interventions Small sample sge, Cls | Small number of
1829 > unclear?®%2%29 heterogeneity (1°=99%)*®* | (written vs. electronic), crosses the nulg studies, large
G Participants not blinded or varying duration (2 weeks % heterogeneity
P well described?®%*%° to 10 months) =
1? Concealment 021:5 igllocation Same samplzeog);c %
18 not described.”™ participants™ g
;gSun protection knowledge _§
21 Serious limitations Important inconsistency Indirectness Serious impreé@sion Uncertain Very low
2 (-1) (-1) (-1) (-1) g Unable to determine.
;26 Randomisation Heterogeneity (I* 85%) Diverse interventions Small sample s@'e Small number of
A RCTs****%% | unclear®®?%?%% (written vs. electronic), 3 studies, large
%% Participants not blinded or varying duration (1 day to i heterogeneity
A well described®®**#2%%° 10 months) =
;g Concealment of allocation Same sample”®*® j
not described*** s
flSun protection attitude §
;; Serious limitations Important inconsistency Indirectness Serious impreéfsion Uncertain Very low
3 (-1) (-1) (-1) (-1) & Unable to determine.
3b 2027- | Randomisation Wide variation in the effect | Diverse interventions Small sample st-i?e, Small number of
36;19 RCTs unclear®®%? estimates, heterogeneity (I* | (written vs. electronic), small number c% studies, large
g; Participants not blinded or | 97%). Similar duration. events = heterogeneity.
3p well described®®?” % Same sample®>*® E
40 Concealment of allocation <
4 not described”®*’ <
az
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RAA

A7 ~f 4O
[dyT =7 0147

Complications (skin irritation, sunburn)

[Wa
DIVIJ UPTTT

updolulig/g

: Serious limitations Important inconsistency Indirectness Serious imprquion Uncertain Very low
2 5 RCTY 28 (-1) (-1) ) (-1) (-1) 5 Unable to determine.
3 Participants not Heterogeneity (1°=95-99%) [ Diverse interventions Small sample sige Small number of
4 blinded®”*® Analysed in subgroups. (written vs. electronic), § studies, large
Z Similar effect estimates. similar duration. § heterogeneity.
7] Biologic measures (melanin index, sun damage) S
g Serious limitations Important inconsistency Indirectness Serious imprec%ion Uncertain Very low
102 RCTSZ28 (-1) N (-1) (-1) (-1) § Unable to determine.
1h Randomisation unclear Analysed in subgroups. Different interventions Small sample size Small number of
1P Participants not Heterogeneity (I* 60%) (written vs. electronic), 2 studies, large
B blinded®”*® similar duration. § heterogeneity.
Q.

EPre-cancerous incidence r_rbt
1? Serious limitations Important inconsistency Indirectness Serious imprec%ion Uncertain Very low
18 (-1) (-1) (-1) (-1) g Unable to determine.
104 RCTs ***"" | Randomisation or Analysed in subgroups. Diverse interventions, Small sample sige Large heterogeneity.
203 allocation unclear®*?*3* varying duration é
;; Participants not blinded or g

well described®*>*3* El
;‘:‘Cancer incidence g
28 Serious limitations Important inconsistency Indirectness Serious imprecision Uncertain Very low
27 (-1) (-1) (-1) (-1) §_ Unable to determine.
2810 Randomisation Majority of participants Diverse interventions Majority of E Large heterogeneity.
? unclear'?®3%3? came from 1 study® (immunosuppression, participants frdg‘n one
3pRCTs Allocation concealment Small sample®?>31343640 hotod icth trial (n=551), sraall
311 1,25,31,34-40 ple photodynamic therapy, rial (n , SHa
3p not used or immune response number of evefits
3B unclear’?>3°36:38:40 modifier, retinoid, §
3 Participants not nicotinamide), varying %
T blinded,"3>37 duration %
7 .
38 g
39 3
40 2
41 Q
42 -
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Figure S3. Subgroup analyses of immunosuppression conversion interventions on skin can

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
8.6.1 Study size (n<100)
Campbhell 2012 22 39 38 47 9.3% 0.70[0.51, 0.95] -
Salgo 2012 1 16 8 17 1.4% 0.13[0.02,0.95) —
Subtotal (95% CI) 55 64 10.7% 0.39 [0.07, 2.17] e
Total events 23 46
Heterogeneity: Tau*=1.17; Chi*= 3.28, df=1 (P = 0.07); F=70%
Test for overall effect: Z=1.08 (P = 0.28)
8.6.2 Study size (n>100)
Alberu 2011 12 551 22 273 59% 0.27 [0.14, 0.54] —
Euvrard 2012 14 49 22 51 71% 0.66[0.38,1.14] T
Hoogendijk-van den Akker 2013 1 30 B 23 1.3% 0.13[0.02,0.99]
Subtotal (95% CI) 630 347 14.3% 0.37 [0.16, 0.86] -
Total events 27 50
Heterogeneity: Tau®= 0.33; Chi*= 5.75, df= 2 (P = 0.06); = 65%
Test for overall effect: Z=2.31 (P=0.02)
8.6.3 Trial duration (12 months)
Campbell 2012 22 39 38 47 93% 0.70[0.51, 0.95] -
Salgo 2012 1 16 8 17 1.4% 0.13[0.02, 0.95)
Subtotal (95% CI) 55 64 10.7% 0.39 [0.07, 2.17] e
Total events 23 46
Heterogeneity: Tau*=1.17; Chi*= 3.28, df=1 (P = 0.07); F=70%
Test for overall effect: Z=1.08 (P=0.28)
8.6.4 Trial duration (24 months)
Alberu 2011 12 551 22 273 59% 0.27[0.14,0.54] _—
Euvrard 2012 14 49 22 51 71% 0.66[0.38,1.14] T
Hoogendijk-van den Akker 2013 1 30 [ 23 1.3% 0.13[0.02,0.99]
Subtotal (95% CI) 630 347 14.3% 0.37 [0.16, 0.86] e
Total events 27 50
Heterogeneity: Tau®= 0.33; Chi*= 5.75, df= 2 (P = 0.06); F= 65%
Test for overall effect: Z= 2.31 (P=0.02)
8.6.5 Setting (Single Centre)
Salgo 2012 1 16 8 17 1.4% 0.13[0.02, 0.95)
Subtotal (95% CI) 16 17 14% 0.13 [0.02, 0.95] e
Total events 1 g
Heterogeneity: Not applicable
Test for overall effect: Z=2.02 (P=0.04)
8.6.6 Setting (Multi Centre)
Alberu 2011 12 551 22 273 59% 0.27[0.14,0.54] I
Camphell 2012 22 39 38 47 9.3% 0.70[0.51, 0.95] -
Euvrard 2012 14 49 22 51 71% 0.66[0.38,1.14] T
Hoogendijk-van den Akker 2013 1 30 B 23 1.3% 0.13[0.02,0.99]
Subtotal (95% CI) 669 394 23.6% 0.48 [0.27, 0.85] -
Total events 49 88
Heterogeneity: Tau*= 0.21; Chi*= 9.83, df=3 (P = 0.02); = 69%
Testfor overall effect: Z= 2.50 (P = 0.01)
8.6.7 Risk of Bias (Low)
Campbell 2012 22 39 38 47 93% 0.70[0.51, 0.95] -
Hoogendijk-van den Akker 2013 1 30 B 23 1.3% 0.13[0.02,0.99]
Subtotal (95% CI) 69 70 10.6% 0.39 [0.07, 2.17] e
Total events 23 44
Heterogeneity: Tau*=1.14; Chi*= 3.05, df=1 (P = 0.08); F=67%
Test for overall effect: Z=1.08 (P=0.28)
8.6.8 Risk of Bias (Unclear)
Alberu 2011 12 551 22 273 59% 0.27[0.14,0.54] I
Euvrard 2012 14 49 22 51 71% 0.66[0.38,1.14] T
Salgo 2012 1 16 8 17 1.4% 0.13[0.02,0.95)
Subtotal (95% CI) 616 341 14.4% 0.37 [0.16, 0.86] e
Total events 27 52
Heterogeneity: Tau®= 0.33; Chi*= 5.81, df= 2 (P = 0.05); F= 66%
Test for overall effect: Z= 2.32 (P = 0.02)
Total (95% ClI) 2740 1644 100.0% 0.46 [0.36, 0.59] L 2
Total events 200 384
Heterogeneity: Tau*= 0.14; Chi*= 51.27, df= 19 (P < 0.0001); F=63% 50 0 051 140

Testfor overall effect: Z=6.18 (P < 0.00001)
Test for subgroup differences: Chi*=1.69, df=7 (P =0.98), F=0%
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ABSTRACT

Objectives
Solid organ transplant recipients are at increased risk of skin cancer, affecting more than 50% of
recipients. We aimed to determine the effectiveness of interventions for behavioral change for

sun protection or skin cancer prevention in solid organ transplant recipients.

Design

Systematic review

Data sources

Electronic databases were searched from inception to January 2018.

Eligibility Criteria
We included randomized controlled trials that evaluated the effect of behavioral or
pharmaceutical interventions on behavioral change or skin cancer prevention in solid organ

transplant recipients.

Data extraction and synthesis

Risks of bias and evidence certainty were assessed using Cochrane and the GRADE framework.

Results
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Twenty trials (n=2,295 participants) were included. It is uncertain whether behavioral
interventions improve sun protection behavior (N=3, n= 414, SMD 0.89, 95% C| -0.84-2.62, I
=98%) and knowledge (N=4, n=489, SMD 0.50, 95% Cl 0.12-0.87, 1= 76%) as the quality of evidence
is very low. We are uncertain of the effects of mammalian target of rapamaycin inhibitors on the
incidence of non-melanocytic skin cancer (N=5, n=1080, RR 0.46 95% CI 0.28-0.75, 12=72%) as the

quality of evidence is very low.

Conclusions
Behavioral and pharmaceutical preventive interventions may improve sun protective behavior and
knowledge, and reduce the incidence of non-melanocytic skin cancer, but the overall quality of the

evidence is very low and insufficient to guide decision-making and clinical practice.

PROSPERO Registration number

CRD42017063962
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ARTICLE SUMMARY

Strengths and limitations

A comprehensive review conducted using methods outlined by Cochrane Collaboration
including GRADE to assess risk of bias and evidence certainty

Inclusion of a broad range of interventions, including behavioral to improve sun protection
behavior and pharmaceutical (immunosuppression, photodynamic therapy, oral retinoid,
nicotinamide and topical immune response modifiers) to evaluate precancerous lesion

response and cancer incidence

Difficulty obtaining an overall summary estimate for many outcomes due to the variability

in the analytical methods and reporting in individual studies

Unable to perform detailed subgroup analyses or assess for publication bias due to small

number of studies

Few trials included the important outcomes of skin cancer and none included melanoma or

mortality.
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1. INTRODUCTION

Skin cancer, including melanoma and nonmelanoma skin cancer (NMSC), is the most frequently
diagnosed malignancy among solid organ transplant recipients, affecting more than 50% of post-
transplantation recipients. 2 The cumulative incidence of NMSC increases with time after
transplantation, from 5-10% at 2 years to 40-80% at 20 years.>* Compared to the general
population, there is a higher rate of squamous cell carcinoma (SCC) to basal cell carcinoma (BCC),
with an incidence of 65 to 250 times greater than the age and gender-matched general
population.>® Once cancer develops, management options are limited as immunotherapy may be
unsuitable as it may lead to graft rejection.® 19 Although registry data shows improvement in
survival rates of transplant recipients as a result of improved transplantation techniques and
management of immunosuppression, there is a greater burden of skin cancer and cancer related
mortality.!! The excess risk of death from invasive and metastatic skin cancer, such as SCC and
melanoma, are three times to nine times higher than the general population, with five-year overall

survival of less than 30%.6 1215

Sun exposure behaviors remain the most significant and modifiable risk factor in the prevention of
skin cancers in the general population.1® However, with the dramatic increase in skin cancers in
solid organ transplant recipients, pharmaceuticals have also been used to reduce and delay the
development of skin cancer.’®1” Current recommendations for preventive strategies have often
been extrapolated from guidelines in the general population, which may not be applicable to solid
organ transplant recipients.'®1® For example, frequent skin self-examination and annual to
biannual total body skin examination are generally recommended for the general population.8-20
Sun protective behaviors including use of sunscreen, protective clothing and limiting sun exposure

during peak hours of high UV index days are potential measures for skin cancer prevention.3414
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Further, alteration of maintenance immunosuppression such as conversion to mammalian target
of rapamaycin inhibitors (mTORi) and secondary prevention using retinoid acitretin are

recommended for management of skin cancers in high risk transplant recipients.2°

The aim of this study is determine the effectiveness of interventions that promote behavioral

change and skin cancer prevention in solid organ transplant recipients.

2. METHODS

This systematic review followed a pre-specified protocol registered in PROSPERO
(CRD42017063962) and is reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) checklist.?! The study was exempt from approval

from an ethics’ board.

2.1 Inclusion criteria

All randomized controlled trials (RCTs) or quasi RCTs (allocated to trial arms by investigators) of
interventions for skin cancer prevention (both melanoma and non-melanoma skin cancer) in solid
organ transplant recipients were included. Behavioral interventions defined as any strategy used
to promote sun protective behavior including passive (e.g. pamphlets), active (e.g. group
workshops, counselling, dermatology clinic) and provision of sun protective equipment; and
pharmaceutical interventions (switch to mTOR inhibitors, photodynamic therapy, immune
response modifiers, nicotinamide and oral retinoids) and studies that reported skin cancer related
outcomes as their primary outcomes were included. Studies that did not report these outcomes as
primary end-points were excluded. Studies of interventions for the treatment of skin cancer were

excluded.
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2.2 Search strategies

We searched MEDLINE, Embase, the Cochrane Central Register of Controlled Trials (CENTRAL) and
CINAHL from inception to November 2019 without language restriction, using search strategies
designed by a specialist information manager (see Medline search strategy in Figure S1).

Reference lists of included studies were also searched.

2.3 Data extraction

Titles and abstracts were reviewed by two independent authors (LJJ & LL) and those that did not
meet the inclusion criteria were excluded. Full text articles were reviewed by 3 independent
reviewers (LJJ, VS, LL) and any disagreements were resolved by discussion. Data on study design,
geographic location, sample size, type of transplant, measurement of interventions, interventions
and comparators were extracted. We sought unclear or missing information from authors where

possible.

2.4 Outcome measures

The pre-specified outcome measures were incidence of precancerous and cancerous lesions, sun
protection behavior (including use of sunscreen, use of protective clothing including hats and
sunglasses, shade and sun avoidance), knowledge and attitude, skin self-examination, sun
exposure (including skin irritation, sunburn) and biologic measures (including measurement of

melanin index and sun damage assessment).

2.5 Risk of bias and quality of evidence

The risk of bias was assessed independently by LJJ and VS using the Cochrane risk of bias tool.??
The domains included in the assessment were: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete

outcome data, selective reporting, trial registration and industry involvement. Each criterion was
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assigned a judgment of high, low or unclear risk of bias. Intention to treat and lost to follow up
were also assessed for each study. The quality of the evidence informing summary estimates for
each outcome was then assessed by LJJ using the Grading of Recommendations Assessment

Development and Evaluation (GRADE) guidelines.?

2.6 Data synthesis and statistical analyses

Continuous outcomes were summarized as mean difference (MD) or standardized mean
difference (SMD) and dichotomous outcomes as relative risk (RR). A MD/SMD greater than zero
and/or a RR greater than 1 could be interpreted as favoring the intervention group relative to the
control, unless specified elsewhere. Risk estimates were reported with 95% confidence intervals
(CI), using random-effects meta-analysis. We considered P values <0.05 to be statistically
significant. We quantified the heterogeneity using the |12 statistic. An 12 value of <25% was
considered to represent low heterogeneity and >75% as high heterogeneity. When sufficient data
were available, possible sources of heterogeneity were investigated using subgroup analysis based
on pre-specified study characteristics including sample size, trial duration, setting and overall risk
of bias. Funnel plots were planned to evaluate small study effects when at least ten studies were
included in meta-analysis. All analyses were conducted using Review Manager version 5.3

software.

2.7 Patient and public involvement

There was no patient or public involvement.

10
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3. RESULTS
3.1 Study selection

The literature search identified 1280 articles, of which, 1201 were excluded after abstract and title

review. Full text assessment of 79 studies found 22 eligible articles for inclusion (Figure 1).

3.2 Studies characteristics

We included 22 reports of 20 RCTs, including 2,295 participants (Figure 1). The study
characteristics are summarized in Table 1 and Table 2. The median number of participants was 44
(range 17 to 830) and the median follow-up duration was 10 months (range 1 day to 60 months).
All studies included kidney transplant recipients, with some also including heart transplant
recipients (n=1), liver, heart, pancreas, lung, heart/lung and other transplants (n=1), and lung and
liver transplant recipients (n=2). In total, 15 of 21 (76%) studies provided sufficient data for the
meta-analyses. Six studies did not meet final criteria for meta-analysis as they had the same

sample of participants (n=1),%* or did not provide data that was able to be meta-analyzed (n=5).2>

29

3.3 Risk of bias and quality of the evidence

Overall studies were at low or unclear risk of bias for many domains (Figure 2; Figure S2). Random
sequence generation and allocation concealment were unclear in most studies (n=12, 60%).
Blinding of participants was not done in most studies (n=16, 80%) and blinding of outcome
assessors was only reporting in half of the studies (n=10). Intention to treat analyses were used in
6 (30%) studies and 6 studies (30%) had a high loss to follow-up. A total of 3 (15%) studies had
incomplete outcome data, and all studies were at low risk for selective reporting. Seven studies
(35%) reported industry involvement in authorship, design, or data analysis, and of the 16 trials

requiring trial registration, only 9 (56%) reported accordingly.

11
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The overall quality of the evidence was very low for all outcomes (Table S1) due to limitations in
study design, heterogeneity in the intervention and outcomes measures, the very small sample
size of individual studies and the small number of studies for each specific outcome. Obtaining an
overall summary estimate was difficult for many outcomes due to the variability in the analytical
methods and reporting in individual studies. In particular, assessment of reporting of sun
protection behavior and sun protection knowledge was not possible as outcomes were
inconsistent and there was large diversity of interventions used (e.g. written education material
versus a mobile app program). Furthermore, formal testing of publication bias was not performed

due to insufficient data.

3.4 Interventions

The interventions in the included studies were grouped in three broad categories, behavioral
(n=6), switch to mTOR inhibitors (n=6), and other pharmaceutical interventions (photodynamic
therapy, immune response modifiers, oral retinoids and nicotinamide) (n=9). Studies of behavioral
interventions used passive methods of delivery including written educational material (n=2), both
written educational material and text messages (n=1), mobile app programs (n=2) and a video

(n=1).

All six studies of immunosuppression compared mTOR:is (sirolimus) to calcineurin inhibitors (CNI)

based therapies.

Four of the eight studies of other pharmaceutical interventions assessed the effect of
photodynamic therapy using methyl aminolevinate creams compared to placebo (n=1), no
treatment to contralateral area (n=2) or a topical immune response modifier cream (n=1). Three

studies assessed oral retinoid using acitretin compared to placebo (n=1), lower dose (n=1) or a
12
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drug free period (n=1), one study assessed nicotinamide compared to placebo and a single study
assessed the benefits of topical immune response modifier compared to placebo in kidney

transplant recipients.

3.5 Effect of behavioural interventions on sun protection outcomes

Sun protection behavior

Sun protection behavior, defined as hours spent outdoors per week, use of sunscreen, wearing
protective clothing and seeking shade, was assessed in three trials3°32. Educational workbooks,3°
educational workbooks and text messages3! and a mobile app program32 were compared with
standard care. Patients who received behavioral interventions reported improved sun protection
behavior scores3-32 (3 studies, 414 participants, SMD 0.89, 95% Cl -0.84-2.62, 1298%) (Table 3;
Figure 3). We are uncertain of the effects of behavioural interventions on sun protection behavior
due to very low quality of evidence. A single trial assessed a standardised and validated
educational workbook and found an improvement in the proportion of participants engaging in
skin self-examination after one month (75 participants, RR 4.14, 95% Cl 2.22-7.72).33 One trial
assessed a mobile app program and reported a reduction in daily hours spent outdoors among the

intervention group (170 participants, MD -6.12, 95% CI -711 to -5.13).32

Sun protection knowledge

The effectiveness of educational workbooks, text messages, mobile app programs and videos on
sun protection knowledge was assessed in 6 studies?* 283033 four of which provided data for a
meta-analysis. There was an improvement in knowledge scores (4 studies, 489 participants, SMD
0.50, 95% CI 0.12-0.87, 12 76%) in the intervention group compared to standard care (Figure 4).30-33

One study compared an interactive visual representation of the educational program with

13
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standard information pamphlets and found that knowledge of sun protection improved among

those who received the educational video.28

Sun protection attitude

Three studies assessed sun protective attitude after receiving an educational workbook, text
messages or a mobile app program over a period of 0.5 months to 1.5 months.31-33 Compared to
standard care, there was an overall improvement in scores of concern about developing cancer (3
studies, 348 participants, SMD 1.85, 95% Cl 1.59-2.11, 17 96%).31-33 Two studies involving 273
participants reported an improvement in scores of understanding the personal risk of skin cancer
(SMD 0.61, 95% CI -0.60-1.82, 12 96%), adherence to sun protection (SMD 0.77 95% Cl -0.14-1.68, I2
92%) and willingness or intention to change behavior (SMD 1.70, 95% Cl -1.68-5.07, 1299%).31 32
We are uncertain of the effects of behavioural interventions on sun protection attitude due to
very low quality of evidence. A single study involving 75 participants also reported an
improvement in scores of ability to recognize a potential skin cancer (MD 1.80, 95% Cl 1.35-2.25),
importance of skin self-examination (MD 1.05, 95% Cl 0.61-1.49) and having a partner help for skin
self-examination (MD 1.59, 95% Cl 1.10-2.08).33 Another single study reported an improvement in
the importance of engaging in sun protection (measured using 5-point Likert scale) (101

participants, MD 7.00, 95% Cl 2.94-11.06).3!

Skin complications and biologic measures

Two trials of behavioral interventions in 271 kidney transplant recipients compared a mobile app
or an educational workbook and text messages to standard care on reported skin complications
and biologic measures of sun exposure.3132 The intervention group experienced a reduced
incidence of skin irritation (a culturally relevant term for sun exposure34) (RR 1.00, 95% CI 0.89-

1.13, 12 95%) or sunburn (RR 3.19, 95% Cl 2.47-4.10, 1> 99%). They also had a decreased melanin
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index (right forearm, SMD -0.42, 95% Cl -0.66 to -0.18; cheek SMD -0.25, 95% CI -0.64 to -0.15) and
reduced severity of sun damage (SMD -0.13, 95% Cl -0.40 to 0.13) on sun exposed areas

(measured using clinical images of chronic sun damage and scored 1-10).

3.6 Effect of pharmaceutical interventions on skin cancer prevention

The incidence and responses of pre-cancerous lesions were measured only in trials of
pharmaceutical interventions (Table 4). These included the switch to mTOR inhibitors (n=1),3®
photodynamic therapy (n=2)337 and immune response modifiers (n=1)38 to current treatment or
placebo. The incidence of non-melanocytic skin cancers (NMSC) was assessed in nine

pharmaceutical studies.? 3>38-44 None included melanoma as an outcome.

Topical/local interventions

One trial of 14 participants compared an immune response modifier, 5% imiquimod cream with
placebo and found a reduction in the incidence of skin dysplasia (RR 2.14, 95% Cl 0.31-14.65), skin

atypia (RR 3.00, 95% Cl 0.47-19.35), and viral warts (RR 7.00, 95% Cl 0.46-106.10).38

One Danish study of 26 kidney transplant recipients compared photodynamic therapy with no
treatment and reported a relative reduction by approximately 40% in the incidence of NMSC on
the treated area (RR 0.59, 95% Cl 0.34-21.03, p 0.06).%* A lower incidence of SCC was also reported
in one trial comparing two areas of skin using an immune response modifier and placebo (14
participants, RR 0.09, 95% Cl 0.0.01-1.70).38 Two trials comparing photodynamic therapy to an
immune response modifier or photodynamic therapy to placebo in recipients with diagnosed
keratoses reported a complete response rate of 60% compared to 24% in the control group (50

participants, RR 5.03, 95% Cl 0.14-176.17, 1285%).36 37 We are uncertain of the effects of
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photodynamic therapy on incidence of precancerous lesions due to very low quality of evidence.
Further, one trial which was not included in the meta-analysis, reported a higher cumulative
incidence of actinic keratosis lesions in untreated skin (63%) compared with skin treated by

photodynamic therapy (28%).%”

Systemic interventions

MTORis therapy reduced the incidence of NMSC compared to CNIs maintenance therapy (5 trials,
1082 participants, RR 0.46, 95% Cl 0.28-0.75, 1> 72%) (Figure 5).135394143 However evidence was
limited due to short follow-up periods, variability in dosing of mTORis and significant rates of loss
to follow up, and therefore we are uncertain of the effects of mTORis on skin cancer incidence due
to very low quality of evidence. A single trial involving 21 patients reported a reduction in the
overall incidence of SCC by 49% in the conversion arm, but reported a drop out rate of 77% and
follow-up time of less than 2 years.?® Further, a single trial which compared mTORi conversion
from CNI based therapy reported a significant improvement in skin dysplasia (32 participants, RR

24.35,95% Cl 1.55-381.99).%

Two trials comparing an oral retinoid, acitretin, with placebo or a drug free period reported an
increased lower risk of both SCCs and BCCs (46 participants, RR 0.40, 95% Cl 0.19-0.85, p 0.02; RR
0.50, 95% ClI 0.14-1.76)*? or development of a new skin cancer (19 participants, RR 0.22, 95% Cl
0.06-0.90). However, there were no differences in the incidence of new SCCs.*° One trial, which
was not included in the meta-analysis, showed approximately a 50% reduction in the incidence of

actinic keratosis which compared a high dose to a low dose of acitretin.2®
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One Australian trial of 22 kidney transplant recipients compared nicotinamide with placebo and
reported an estimated relative rate difference of 0.35 (95% Cl -0.62 to 0.74), 0.67 (95% Cl -0.40 to

0.90) and 0.07 (95% CI -1.51 to 0.65) for NMSC, BCCs and SCCs respectively.?®

3.7 Subgroup analysis

Study size, trial duration, setting and risk of bias did not modify the effects of CNIs and mTORIs on
skin cancer incidences (Figure S3). Sources of heterogeneity for other treatment effects could not

be explored due to insufficient data.

4 DISCUSSION

Skin cancers (both non-melanoma and melanoma) are major causes of morbidity and mortality in
solid organ transplant recipients. Despite this, trials of interventions aimed at preventing skin
cancer in solid organ transplant recipients are few in number (20 trials), small with half comprising
of 50 patients or less, of short duration (48% have <12 months follow up) and 52% do not include
incidence of skin cancer as an outcome. Our review included 22 reports of 20 trials involving 2,295
transplant recipients, who were predominately kidney transplant recipients. The studies covered a
broad range of interventions, including behavioral to improve sun protection behavior and
pharmaceutical (immunosuppression, photodynamic therapy, oral retinoid, nicotinamide and
topical immune response modifiers) to evaluate precancerous lesion response and cancer
incidence. None of the behavioral intervention studies included precancerous lesions or skin
cancer incidence as outcomes. Although interventions showed plausible improvements to sun
protection behaviors, precancerous lesion responses and cancer incidence, there was considerable
variability across interventions types, variability in outcomes assessed and outcome estimates.
Overall, the current evidence for interventions for skin cancer prevention in solid organ transplant

recipients is of very low quality and is insufficient to guide decision-making and clinical practice.
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Although behavioral interventions appeared to improve sun protection attitude, knowledge and
behavior, there were inconsistencies detected and none of these studies included skin cancer as
an outcome. Due to limited number of studies, we were unable to compare specific behavioral
interventions (e.g. mobile app vs. written education) to ascertain the most effective method of
delivering sun protection education. While there may be some modest benefits in the reduction in
cancer incidence (for NMSC) among solid organ transplant recipients who were converted to
mMTORIs compared to those on CNI maintenance, there was substantial heterogeneity across the
studies that was unable to be explained by subgroup analyses. Heterogeneity may be attributed to
the absence of long term follow up, large discontinuation rates owing to adverse events and
variability in the doses of mTORIs. Pharmaceutical interventions (switch to mTOR inhibitors,
photodynamic therapy, immune response modifiers) showed a reduction in precancerous lesions
compared to standard care or a comparator group. However uncertainty exists in the treatment
effects and there were too few studies, interventions were incomparable, follow-up times were
variable and considerable loss to follow up for some studies to conclude that the benefits are

sustainable.

Previous systematic reviews have evaluated the impact of behavioral interventions on skin cancer
prevention in the general population,*> and concluded that computer programs may increase sun
protective behaviors, and ‘appearance-focused’ interventions may decrease sun tanning and UV
exposure in adolescents and young women, respectively. Reviews conducted in other populations
at high-risk including outdoor workers,*¢ family history, personal history and phenotypic factors*’
have found similar improvement in sun protective behaviors, including use of sunscreen, as well as

a decreased incidence of keratoses. A systematic review of the benefits and harms of oral
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retinoids for the prevention of skin cancer among high risk transplant recipients led to inconclusive

results on the effect of acitretin due to the small number of included trials.48

Despite the inclusion of all interventions aimed at the prevention of skin cancer in solid organ
transplant recipients and the comprehensive systematic search for eligible studies, there are some
potential limitations. Due to the heterogeneity of the studies, the high risk of bias, the potential
for reporting bias and imprecision in the point estimates of individual studies, there is a high
degree of uncertainty in the estimate of the effect of skin cancer prevention interventions. All
studies of behavioral interventions were undertaken in United States, with 4 by the same authors,
whilst most pharmacological intervention studies were conducted in Europe. There were also
large discontinuation rates owing to adverse events in trials of mTORIs. Further, given the small
number of studies included in the meta-analysis, we were unable to perform any detailed
subgroup analyses to explore heterogeneity or assess for publication bias. While we were unable
to show and assess publication bias using standard statistical tests, we would suggest the
observed heterogeneity may also be attributed to potential publication and reporting biases. It is
difficult to quantify the extent of such bias in this review, but one would expect research with
‘positive’ findings that indicate an intervention works, such as behavioral interventions improve
sun protection, are more likely to be published more than one, in high impact journals and more
likely to be cited. Finally, few trials included patient important outcomes associated with skin

cancer and none included melanoma or mortality.

The use of pharmaceutical and immunosuppression therapy remains complex. Not only has mTORI
therapy shown benefits in lowering the risk of skin cancer, early conversion to mTORI therapy
from CNIs has also shown promising effects in reducing cancer rates.*®>%0n the contrary, overall

mortality is higher and discontinuation following adverse events is more common in patients who
19
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receive mTORI therapy.*®>° Several RCTs showed a higher rate of patients reporting adverse
events or drug discontinuation with sirolimus, 4143 demonstrating concern of its clinical
usefulness.*® Nicotinamide may also offer benefits to reducing skin cancer incidence by 20% and is
relatively safe with minimal side effects. The protective effect of nicotinamide on skin cancer
incidence in kidney transplant recipients is currently being explored in a phase 3 randomised

controlled trial.

Although behavioral change is a simple strategy, long-term adherence remains challenging.

While behavioral counseling has been shown to increase sun protective behaviors in non-
transplant populations,* there is no direct evidence to show that the behavioral change led to a
reduction in morbidity and mortality. Previous studies have suggested that transplant recipients
do not practice sun protective behaviors regularly,>1->3 were less likely to use sunscreen>* and that
patients have to perceive skin cancer as being an important risk to be motivated to change
behavior.>>>6 However, studies on risk perception of transplant recipients remain conflicting.
Given this complexity and the observed inconsistencies in the existing trials, process evaluations
including facilitators and barriers to behavioral change should be included in future trials. Such
evaluations could include the use of qualitative methodology to support the trial design, ascertain

the perspectives of participants on the intervention and evaluate the implementation.>” >8

We suggest that further strategies for skin cancer prevention in transplant recipients require a
multifaceted and individualized approach. Transplant recipients are likely to benefit from early
implementation of education, particularly before transplantation occurs and recipients may be
preoccupied with other health needs related to transplantation. Although recipients understand
the importance of ongoing education for the ability to self-manage their disease, they may

experience difficulty in concentrating and learning new knowledge, and are often unable to look
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beyond their graft and the anxiety/fear of graft loss.>®-®! Interventions should be integrated into
routine appointments and tailored to meet the individual needs of patients. This would be best
achieved through a shared decision-making approach to identify the patient’s preferences and

priorities and thereby enhance the likelihood of success of self-management and prevention.®?

Additional large-scale and high-quality RCTs are needed to demonstrate the effectiveness of
interventions used to prevent skin cancer in transplant recipients in terms of patient important
outcomes, in particular morbidity and mortality associated with skin cancer. Determining patient’s
preferences for prevention and management of skin cancer are also warranted to ensure
interventions and outcomes for trials are relevant to patient needs and priorities and better
support patient-centered treatment decisions.®® Evidence of the efficacy of sun protective
behavior interventions need to be strengthened, with use of measures that are homogenous,

reliable and validated.

Preventative measures including behavioral, switch to mTOR inhibitors and other pharmaceuticals
may improve skin cancer outcomes for solid organ transplant recipients. However, the overall
quality of evidence is of very low and insufficient to guide decision-making and clinical practice.
Future robust studies that are well powered, have long-term follow up, and use clinical and
patient important outcome measures in a consistent manner are required to therefore optimize

outcomes for solid organ transplant recipients.
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Page 3+§£fg 1. Characteristics of included studies (n=28$\/U Open

Characteristics N (%)

1 Type of transplant
2 Kidney 16 (80)
" Multiple* 4 (20)
5 Sex
6 >50% Male 18 (90)
7 < 50% Male 1(5)
g Not specified 1(5)
10 Age(mean)
11 <60 10 (50)
12 > 60 5 (25)
12 Not specified 5(25)
15 Sample size
16 10-50 11 (55)
17 50-100 3 (15)
12 100 — 200 4 (20)
I >200 2 (10)
1 Setting
22 Single center 8 (40)
23 Multi center 11 (55)
;2’ Not specified 1(5)
26  Country of origin
27 Australia 3(15)
28 Denmark 4 (20)
gg France 1(5)
31 Germany 1(5)
32 Netherlands 2 (10)
33 New Zealand 2 (10)
34 Switzerland 1(5)
22 Sweden 1(5)
37 United Kingdom 3(15)
38 United States 6 (30)
39 Othert 1(5)
2(1) Intervention Type
) Behavioral 5 (25)
43 Switch to mTOR inhibitors 6 (30)
44 Photodynamic therapy 4 (20)
45 Oral retinoid 3 (15)
j? Nictotinamide 1(5)
48 Topical immune response modifier 1(5)
49  Duration of follow up
50 <12 months 9 (45)
g; 12 months 4 (20)
53 24 months 5(25)
54 >24 months 1(5)
55 Not specified 1(5)
g? Year of publication
s 1995 — 1999 1 (5)
59 2000 — 2004 3 (15)
60 2005 — 2009 4 (20)

2010 - 2014 8 (40)

2015 -2017 4 (20)

* Kidney, liver and lung (n=2); kidpeyand, east (Reh AR nRnd my tinis othes SWRes 0rid messderhi

T 111 centres in Asia, Australia, Europe, the Middle East, North America (Canada, Mexico, United States), South Africa, and
South America (Argentina, Brazil, Chile
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Table 2. Characteristics of individual studies
Primary
outcomes

Intervention

N  Type of transplant

Setting Type of intervention Measures Comparator

3Behavioral interventions (n=6)

1
o
N
©
N
(o2}
a1

4Clowers- 202 Kidney, liver, heart,  Single centre, Behavioral Self-reported Repetitive Standard Knowledge & 10
ZWebb pancreas, lung, United States guestionnaire written mat@rial care behavior

52006%° heart/lung, other? g

8Robinson 75  Kidney United States Behavioral Self-reported Workbook § Standard Knowledge & 1
920113 guestionnaire N care behavior

"Robinson 101 Kidney Single centre, Behavioral Self-reported Workbook © Standard Knowledge & 1.5
1é01431 United States guestionnaire Text messaés care behavior

13 Physical examination S

;Eobinson 170 Kidney Multi-centre, Behavioral Self-reported Mobile app§ Standard Knowledge & 0.5
180152+ United States guestionnaire program §: care behavior

TRobinson 170 Kidney Multi-centre, Behavioral Self-reported Mobile appé Standard Knowledge & 1.5
1201632 United States guestionnaire program % care behavior

20 Physical examination E

grinh 100 Kidney, liver, lung Single centre, Behavioral Self-reported Video g Pamphlet Knowledge 1 day
2301428* United States questionnaire 3

28witch to mTOR inhibitors (n=7) §

;ﬂlberu 830 Kidney Multi centre§ Switch to mTOR Investigator Conversion §o CNI Cancer 24
2?01139 inhibitors reported adverse sirolimus 5 incidence

28 events =

2@ampbell 86 Kidney Multi centre, Switch to mTOR Physical examination Conversionfp CNI Cancer 12
390124 Australia, inhibitors +/- biopsy sirolimus 3 incidence

g; New Zealand, g

33 United States <

3€arroll 32 Kidney Multi centre, Switch to mTOR Physical examination Conversion @ CNI/AZA Cancer 24
350132" UK inhibitors +/- biopsy prednisolong & incidence

ff sirolimus §

;Iguvrard 120 Kidney Multi centre,  Switch to mTOR Physical examination Conversiongb CNI Cancer 24
33012164 France inhibitors +/- biopsy sirolimus o incidence
4Ploogendijk- 155 Kidney Multi centre, Switch to mTOR Physical examination Conversionlgp AZA/MMF/ Cancer 24
2\1/an den Netherlands, inhibitors +/- biopsy sirolimus % CNI incidence

Az&kker UK

44 For peer review only - http://bmjopen.bmj.com/site/about/guldelines.xhtml
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o
20134 E
1Salgo 44  Kidney Single centre, Switch to mTOR Physical examination Conversion §3 AZA/MMEF/ Precancerous 12
220103 Germany inhibitors +/- biopsy sirolimus an CNI skin dysplasia
3 . [N ..
2 Clinical photographs predn|sone§ incidence
5Pharmaceutical interventions — Photodynamic therapy (n=4); oral retinoids (n=3); nicotinamide (n=1); 5% imiquimod cregm (n=1)
?Bavinck 44  Kidney Multi centre,  Oral retinoid Physical examination Acitretin = Placebo Cancer 6
g1995% Netherlands +/- biopsy = incidence
9 E precancerous
10 S lesion
N o reduction
1'§rown 21  Kidney Multi centre, Topical immune Physical examination 5% Imiquimoi)d Placebo Reduction of 4
1400538 UK response modifier +/- biopsy cream % precancerous
15 cream Clinical . o lesions
16 inical mapping and 3
17 photographs 3
1€hen 22 Kidney Single centre, Nicotinamide Physical examination Nicotinamidg Placebo Cancer 6
1901629% Australia g incidence
20 e
2.9 i)
;ge Sevaux 26 Kidney Single centre, Oral retinoid Physical examination High dose = Low dose Cancer and 12
220032" Netherlands +/- biopsy acitretin 3 acitretin precancerous
24 § incidence
;E)ragieva 17  Kidney, heart Single centre, Photodynamic Physical examination Methyl § Placebo Precancerous 4
2200436 Switzerland therapy +/- biopsy aminolevuligate lesion
28 Clinical photographs ~ €"€@M R response
;ﬁeorge 23 Kidney Multi centre,  Oral retinoid Physical examination Acitretin Drug free Cancer 24
N
o . N . -
izooz Australia Annual radiological S period incidence
33 evaluation ‘8
34ogsverd- 25 Kidney Single centre, Photodynamic Physical examination Methyl & No treatment Actinic 36
3B0 2015271 Denmark therapy - aminolevuliate contralateral  keratosis
36 Clinical photographs cream g area incidence
;gogsverd- 35 Kidney, lung, liver Multi-centre, Photodynamic Physical examination Methyl § 5% Actinic keratosis 6
380 2017%7 Denmark and therapy Questionnaire/Diary ammolevulféate imiquimoid lesion response
40 Sweden cream Z cream
41 Q
42 =~ 32
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Wulf 27  Kidney Multi centre, Photodynamic Clinical mapping and Methyl No treatment Cancer 12
1200644’r Denmark and therapy photographs aminolevuliate contralateral incidence
5 Netherlands cream area

2

Fxcluded from analyses — no meaningful data to extract

‘Randomized controlled areas of skin on individuals

Excluded from analyses — same participants as Robinson 2016

Bl11 centres in Asia, Australia, Europe, the Middle East, North America (Canada, Mexico, United States), South Africa, and South America (Argen
Abbreviations: CNI, Calcineurin inhibitor; AZA. Azathioprine; MMF, Mycophenolate mofetil

8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4 . 33
43
44
45
46

a, Brazil, Chile
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Table 3. Effect of behavioral interventions on sun protection outcomes

Outcome

BEHAVIORALINTERVENTION (n=5)

Studies

Participants

Weighted

MD?/SMD® [95% Cl]

p-uadolwq/g

Relative risk

Intervention

Comparator

SUN PROTECTION BEHAVIOR

él
General sun protection behavior 3 414 0.89 [-0.84, 2.62] 0.31% 98% Workbook, text Standard care
= messages, mobile app
& program
Skin self-examination §
1 month after visit 1 75 4.14[2.22,7.72] <o.001; %0 Workbook Standard care
s 0.
If checked, concerned 1 42 6.43[0.42, 98.58] 0.183
3
If concerned, saw 1 12 Not estimable¢ §
dermatologist 5
Decrease daily hours outdoors 1 170 -6.12 [-7.11, -5.13]¢ <0.00§ Mobile app program Standard care
S HE R
SUN PROTECTION KNOWLEDGE 4 489 0.50[0.12, 0.87] 0.015 76% Workbook, text Standard care
% messages, mobile app
° program
SUN PROTECTION ATTITUDE g
Concern about developing skin 3 348 1.88 [0.96, 2.80] <0.00§- 92% Workbook, text Standard care
cancer % messages, mobile app
=2 program
Recognise personal risk 2 273 0.61[-0.60, 1.82] 0.32)3> 96% WOFkbOOkaf;)‘?ItEXt Standard care
Confidence in ability to perform 2 273 0.77 [-0.14, 1.68] 0.102 92% e
sun protection =
Willingness/intention to change 2 273 1.70 [-1.68, 5.07] 0.32§ 99%
behavior =
Knowledge of significance of skin 1 101 7.00 [2.94, 11.06] 0.0015 Workbook and text Standard care
& messages
cancer, relevance of sun &
protection, risk of having a tan Y
Confidence in ability to recognise a 1 75 1.80[1.35, 2.25] <0.00§‘ Workbook Standard care
skin cancer 5
Importance of skin self- 1 75 1.05[0.61, 1.49] <0.008
N 3
examination 3
Importance of partner help for skin 1 75 1.59 [1.10, 2.08] <0.00&
=

self-examination
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COMPLICATIONS 3
Skin irritation é
None 2 271 1.00 [0.89, 1.13] 0956 95% Workbook afL‘f'lteXt Standard care
>1 2 271 0.77[0.43,1.36] 03658 89%  oregram
N
Sunburn (past week) &
None 2 271 3.19 [2.47,4.10] <0.00'1Ci 99%
>1 2 271 2.68[1.81,3.96] <0.00Z 95%
BIOLOGIC MEASURES <
Melanin index - RU arm (sun 2 271 0.12 [-0.12, 0.35] 0.34§ 0% Workbook and text Standard care
tected : messages, mobile app
protec g program
Melanin index - R forearm (sun 2 271 -0.42 [-0.66, -0.18]¢ 0.005 0%
exposed) §
Cheek (sun exposed) 2 271 -0.25 [-0.64, 0.15]¢ 0.22% 61%
Sun damage assessment - R 2 271 -0.13 [-0.40, 0.13]¢ 0.33§5 16%
forearm g
2Mean difference §
bStandardised mean difference 3
‘Unable to estimate due to absence of comparator group -r%
dReduction of outcome of interest represents an improvement g
3
E.
3
S
>
E
5
S
IN
2
Q
c
4}
T
=1
3
2
g
8
2
é.
=3 35
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Table 4. Effect of pharmaceutical interventions on skin cancer prevention

: Outcome Studie Participants Relative risk Intervention Comparator
2 S
3 SWITH TO mTOR INHIBITORS (n=5) §
g PRE-CANCEROUS LESIONS &
¢  Skindysplasia S
7 Any improvement 1 32 24.35[1.55,381.99] 0.02 0 Siro“musg CNIP
8 2. )
9 Unchanged 1 32 0.85 [0.28, 2.61] 0.78 N
10 S
11 Any worsening 1 32 0.04 [0.00, 0.66] 0.02 o
12 S
13 CANCEROUS LESIONS 2
I
12' SCCY/BCCe incidence 5 1082 0.46 [0.28, 0.75] 0.002 72% 5'r°"mu'5§ CNI
16 >1 SCC 1 53 0.64 (0.35, 1.17) 0.15 N/A 3
17 Skin cancer (excluding SCC) 1 53 0.74 (0.49, 1.14) 0.17 N/A i
18 Skin cancer (including SCC) 1 53 0.85(0.61, 1.17) 0.32 N/A g
19 Skin cancer with BCC g
20 1 53 0.89 (0.45, 1.78) 0.75 N/A 5
;; PHOTODYNAMIC THERAPY (n=3) S
>3 PRE-CANCEROUS LESIONS §
24 Actinic keratosis reduction (1-2 sessions) %
;Z Complete response 2 50° 5.03[0.14,176.17] 037 85% MAL® o Placesjlmiquimod
> % cream
27 Partial response 1 172 7.00[0.39, 125.99] 0.19 MAL g Placebo
28 N/A 7
29 No reduction 1 172 0.09 [0.02, 0.40] 0.002 N
30 N/A N
31 CANCEROUS LESIONS 1 26° 0.59 [0.34, 1.03] 0.06 MAL g No treatment
32 N/A Q
2> IMMUNE RESPONSE MODIFIERS (n=1) 3
35 PRE-CANCEROUS LESIONS g
36 Reduced skin atypia 1 142 3.00[0.47, 19.35] 0.25 Imiquimod 5% geam Placebo
37 N/A g
38 Reduced dysplasia 1 142 2.14[0.31, 14.65] 0.44 g
39 N/A 8
40 Reduced keratoses 1 142 2.14[0.31, 14.65] 0.44 <
41 N/A S
42 Reduced no. viral warts 1 142 7.00 [0.46, 106.10] 0.16 '
ji For peer review only - http://bmjopen.bmj.com/site/abOLN/éuidelines.xhtmI
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CANCEROUS LESIONS

SCC incidence

0z-uadolwa/g

Treated (cream vs. placebo) 1 142 0.09 [0.01, 1.70] 0.11 N/A Imiquimod 5% {geam Placebo
o
N
Untreated (control site) 1 142 0.43 [0.08, 2.37] 0.33 §
N/A o
ORAL RETINOIDS (n=2) ,i
CANCEROUS LESIONS =
Decreased incidence: N
>15CC 1 462 0.40[0.19,0.85]  0.02 AcitetrinS Drug free period
N/A o
>1BCC 1 462 0.50[0.14, 1.76] 0.28 %
N/A 5
New skin cancer 1 192 0.22 [0.06, 0.90] 0.03 N/A Acitretin2- Placebo

aControl is the contralateral or similar area of skin on the same participant

bCalcineurin inhibitor

‘Methyl aminolaevulinate cream
dSquamous cell carcinoma
eBasal cell carcinoma
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Figure legends

Figure 1. Study selection

Figure 2. Risk of bias of included studies

Figure 3. Behavioral interventions — Sun protection behavior (general)
Figure 4. Behavioral interventions — Sun protection knowledge

Figure 5. Switch to mTOR inhibitors — Non melanoma skin cancer incidence
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Figure 1. PRISMA Flowchart
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Records excluded (n = 1,201):
Not transplant (n=247)

> No sun protective behavior or cancer
incidence outcomes (n=442)
Not RCT (n=512)

Full-text articles excluded (n =48):
Not transplant (n=6)

No sun protective behavior or cancer
incidence outcomes (n=31)

Not RCT (n=11)

—
Records identified through database
searching (n = 1433)
H Medline (n=497)
] Embase (n=605) Additional records identified
EE Cochrane Central (n=42) through other sources
£ CINAHL (n=289) (n=23)
3
¥
— Records before duplicates removed
—
(n=1456)
£
E 44 Duplicates excluded (n = 176)
b X
v
Records screened
(n=1280)
-
—
y
oz' Full-text articles d for
3 eligibility
2 (n=79)
w
S p
R Studies for systematic review [n=20,
from 21 reports]
Studies for meta-analysis (n=15):
- Sun protection behavior (n=4)
3 Sun protection knowledge (n=4)
2 Sun protection attitude (n=3)
£ Skin irritation/sunburn (n=2)
Biologic measures (n=3)
Pre-cancerous incidence (n=3)
Cancer incidence (n=10)
—_
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Figure 2. Risk of bias in included studies
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Intervention Standard Care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Sun protection behaviour
Robinson 2016 57.74 13.18 84 31.09 502 86 33.2% 2.67[2.26, 3.09] -
Robinson 2014 19.76 19.625 50 13.77 174 51 33.3% 0.32 [-0.07, 0.71]
Clowers-Webb 2006 24 0.6 70 26 07 73 33.5% -0.30 [-0.63, 0.03]
Subtotal (95% CI) 204 210 100.0% 0.89 [-0.84, 2.62]

Heterogeneity: Tau? = 2.30; Chi? = 125.58, df = 2 (P < 0.00001); I = 98%
Test for overall effect: Z=1.01 (P=0.31)

4 2 0 2 4
Favours control Favours intervention
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Intervention Standard Care Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.3.2 Sun protection knowledge
Robinson 2011 376 049 38 283 114 37 21.5% 1.05[0.57, 1.54] s
Robinson 2014 6.71 6.75 52 229 675 51 24.4% 0.65[0.25, 1.05] ——
Clowers-Webb 2006 944 69 70 939 6.7 71 266% 0.07 [-0.26, 0.40]
Robinson 2016 6.67 2861 84 367 1232 86 27.5% 0.33 [0.03, 0.64] —
Subtotal (95% CI) 244 245 100.0% 0.50 [0.12, 0.87] e

Heterogeneity: Tau? = 0.11; Chi* = 12.41, df = 3 (P = 0.006); I = 76%
Test for overall effect: Z=2.58 (P = 0.010)
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Sirolimus

CNI

BMJ Open

Risk Ratio

Risk Ratio

Study or group Events Total Events Total Weight M-H, Rand: 95% CI M-H, Rand 95% CI
4.1.1 Any SCC/BCC
Hoogendijk-van den Akker 2013 1 30 8 23 5.0% 0.13[0.02, 0.99]
Salgo 2012 1 16 8 17 5.3% 0.13[0.02, 0.95]
Alberu 2011 12 551 22 2713 21.7% 0.27 [0.14, 0.54] -
Campbell 2012 22 39 38 47  33.1% 0.70[0.51, 0.95] R
Euvrard 2012 26 42 43 44 349% 0.63 [0.50, 0.81] -
Subtotal (35% CI) 678 404 100.0% 0.46 [0.28, 0.75] 2
Total events 62 "7
Heterogeneity: Tau? = 0.16; Chi? = 14.48, df = 4 (P = 0.006); I* =72%
Test for overall effect: Z =3.10 (P = 0.002)
001 04 10 100
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1 Figure S1. Search Strategy

2

3

g 1. exp Neoplasms, Basal Cell/

g 2. basal cell carcinoma.ti,ab.

8 3. exp Neoplasms, Squamous Cell/
9

10 4. squamous cell carcinoma.ti,ab.
11

12 5. nonmelanom#*.ti,ab.

13

14 6. non melanom#*.ti,ab.

15

16 7.1or2or3o0rd4or50r6

17

18 8. Melanoma/

19 9. melanoma*.ti,ab.

20 !

;; 10. Skin Neoplasms/

23 11. skin cancer*.ti,ab.

24

25 12.80r9o0r100r 11

26

27 13.70r 12

28

29 14. exp Organ Transplantation/
30

31 15. solid organ transplant®*.mp.
32

33 16. transplant recipient™.tw.

;g 17. exp Immunosuppression/
;? 18. Immunocompromised Host/
38 19. 14 or 15 or 16 or 17 or 18
39

40 20. 13 and 19

41

42 21. randomized controlled trial.pt.
43

44 22. controlled clinical trial.pt.

45 .

46 23. randomized.ab.

47

48 24. placebo.ab.

49 - . .

50 25. Clinical Trials as Topic/

51 26. randomly.ab.

52

53 27. (crossover or cross-over).tw.
54

55 28. trial.ti.

56

57 29.210or22o0r230r 24 or25 or26or27or28
58

59 30. Animals/ not (animals/ and Humans/)
60
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gure EES Risk of bias and key findings in individual studies
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Random . Blmtsllr\g Blinding Incomplete .
Allocation participants . Intervention &
sequence outcome outcome Selective Outcome
Study, year generation concealment & assessors data reporting comparator RR/MD/SMD (95% Cl)
personnel
B8ehavioral Interventions (n=6) .i
éCIowers—Webb Unclear Unclear High Unclear High Low Repetitive Gengral behavior SMD -0.30 (-0.63, 0.03)
920063 written material Knowledge SMD 0.07 (-0.26, 0.40)
10 vs. standard care §
ERobinson Unclear Unclear Unclear Unclear  Low Low Workbook vs. Skin$elf examination (1 month) RR 4.14 (2.22,
120113 standard care 7.722;
14 Kno%ledge SMD 1.05 (0.57, 1.54)
15 Coné&ern about developing cancer SMD 0.95 (0.47,
16 1.43%
:; Congdence to recognize cancer MD 1.80 (1.35,
19 2.25%
20 Impértance of skin self-examination MD 1.05 (0.61,
21 1.49%
;g Imp'grtance of partner to help for skin self-
2 exargination MD 1.59 (1.10, 2.08)
2Robinson Low Low High Low Low Low Workbook & Gengral behavior SMD 0.32 (-0.07, 0.71)
290143 text messages Knogledge SMD 0.65 (0.25, 1.05)
;; vs. standard care Con&rn about developing cancer SMD 2.73 (2.19,
% 3.273
30 Rec@nize personal risk SMD -0.01 (0.40, 0.38)
31 Confidence in sun protection SMD 0.30 (-0.09,
32 0.683
gi Willfgness/intention to change behaviour SMD -
35 0.023-0.41, 0.36)
36 Imp@rtance of skin cancer/sun protection/having a
37 tan ®ID 7.00 (2.94, 11.06)
38 Skirri'frritation none RR 1.37 (1.16, 1.63)
o Skinrritation >1 RR 0.15 (0.03, 0.61)
41 Sun@rn none RR 1.30(1.12, 1.52)
42 Sunburn >1 RR 0.17 (0.04, 0.72)
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45

46


http://bmjopen.bmj.com/

(o]
=

BMJ Open (_0.% 0.62) Page 48 of 55
Mel?&in index - R forearm (sun exposed) SMD -

1 0.373-0.76, 0.02)
2 Cheék (sun exposed) SMD -0.03 (-0.42, 0.36)
Z Sun gamage assessment - R forearm SMD -0.30 (-
5 0.6990.09)
6Robinson Unclear Low High Low Low Low Mobile app Gengral behavior SMD 2.67 (2.26, 3.09)
720163 program vs. DaiI\Ehours outdoors MD -6.12 (-7.11, -5.13)
g standard care Kno%ledge SMD 0.33 (0.03, 0.64)
10 Con@rn about developing cancer SMD 1.97 (1.61,
11 2.34%
12 Recénize personal risk SMD 1.22 (0.90, 1.55)
12 Conﬁldence in sun protection SMD 1.23 (0.09, 1.56)
15 Will&gness/intention to change behaviour SMD
16 3.4242.94, 3.89)
17 Skindrritation none RR 0.82 (0.69, 0.96)
18 SkinGrritation >1 RR 1.64 (0.79, 3.40)
;g Sunigirn none RR 40.44 (10.27, 159.27)
21 Sunigurn >1 RR 4.83 (2.95, 7.90)
22 Melanin index - RU arm (sun protected) SMD 0.05
23 (-0.35, 0.35)
;2‘ Mel%ﬂn index - R forearm (sun exposed) SMD -
% 0.469-0.76, -0.15)
27 Che§< (sun exposed) SMD -0.43 (-0.73, -0.12)
28 Sun Eamage assessment - R forearm SMD -0.02 (-
29 0.33,,0.28)
;‘]J'rinh 2014%" Low Unclear Unclear Unclear Low Low Video vs. E
32 pamphlet o
$itch to mTOR inhibitors (n=6) é
sAlberu2011® | Unclear High High Low Low Sirolimus vs. CNI can@r incidence RR 0.27 (0.14, 0.54)
;;?ampbell Sirolimus vs. CNI §
320094 Low Low High Low Low Low Canger incidence RR 0.70 (0.51, 0.95)
39 Q

* . o ©
%‘i@arroll 2013% Unclear Unclear High Low Low Low ?l;i)/h/gis Vs é
Z'Euvrard 2012  Unclear Unclear High Unclea Loyyhm,inpmn hm}.p(\{\\/m/mp/gﬁir(grljlg?ly s vs. CNI Cancer incidence RR 0.63 (0.50, 0.81)
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3
yHoogendijk- High Low Slrolimus vs Can&r incidence RR 0.13 (0.02, 0.99)
2van den Akker CNI/MMF/AZA 3
320134 ®
4 S
25a|g0 2010% High Low Slrolimus vs Can&er incidence RR 0.13 (0.02, 0.95)
7 CNI/MMF/AZA  SkinTysplasia
8 Angimprovement RR 24.35 (1.55, 381.99)
<
9 Unghanged RR 0.85 (0.28, 2.61)
10

Anyworsening RR 0.04 (0.00, 0.66)

learmaceticaI interventions — Photodynamic therapy (n=4); oral retinoids (n=3); 5% imiquimod cream (n=1)

0d

=
1Bavinck 19954 Low Low Acitretin vs. Cantzier incidence RR 0.22 (0.06, 0.90)
14 placebo s
%rown 200538 Low Low 5% Imiquimod  Canégr incidence
17 cream vs. chtreated RR 0.09 (0.01, 1.70)
18 placebo SC§ untreated RR 0.43 (0.08, 2.37)
19 Red@ced skin atypia RR 3.00 (0.47, 19.35)
;‘1) Red@ced dysplasia RR 2.14 (0.31, 14.65)
22 Redgced keratosis RR 2.14 (0.31, 14.65)
23 Redéced no. viral warts RR 07.00 (0.46, 106.10)
2then 20162 Low Low Nicotinamide vs. ]
32 placebo 9
2de Sevaux Low Low High dose T—_j’?.
280032 acitretin vs. low -
32 dose acitretin IS
;T)ragieva Low Low Methyl Acti@c keratosis reduction
3200436 aminolevulinate  Cqmplete response RR 27.00 (1.73, 420.67)
33 cream vs. Paaial reduction RR 7.00 (0.39, 125.99)
34 placebo Nogeduction RR 0.09 (0.02, 0.40)
;éaeorge 20024 Low Low Acitretin vs. drug Canrqier incidence
37 free period >1%CC RR 0.40 (0.19, 0.85)
38 >18BCCRR 0.50 (0.14, 1.76)
ﬁogsverd-Bo Low Low Methyl S

‘1ybuAdo

4201527*% aminolevulinate

42 cream vs. no
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Methyl
aminolevulinate
cream vs.5%
Imiquimod
cream

sWulf 2006%4* Low High High Low Low Low Methyl Can
6 aminolevulinate

7 cream vs. no

g treatment

10 "Excluded from analyses — no meaningful data to extract
11 "Randomized controlled areas of skin on individuals
g *Excluded from analyses — same participants as Robinson 2016

Actiﬁic keratosis reduction
Co@plete response RR 1.42 (0.81, 2.48)

AW N =

r incidence RR 0.59 (0.34, 1.03)
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P‘?‘g%fé g&?é\ssessment of quality of studies using the Grading of Recommendat?ch?R%gessment, Development and E

Number of
studies

Quality of assessment (Decrease in quality score)

Risk of bias/Quality of
evidence

Sun protection behavior

Inconsistency

Indirectness

a9

>

Imprecision

véluation (GRADE) system.
[¢]

Publication bias

Quality

\l

=

QD

<
Serious impreci$ion

; Serious study limitations Important inconsistency Indirectness Uncertain Very low
i (-1) o - (-1) ('_1) _ _ (-1) g Unable to determine.
b iagdomlsatlon unclear Analysed in subgroups. Dlvgrse Interventions Small sample sige, Cls | Small number of
135 RCTs2430-33 o ) heterogeneity (12°=99%)30-32 (wrlt.ten vS. el_ectronlc), crosses the nulE studies, large
1 Participants not blinded or varying duration (2 weeks 8 :
) 3 heterogeneity
15 well described?430-33 to 10 months) e
1 Concealment of allocation Same sample of S
17 not described.3033 participants2432 E:
1I§ =
; 3
JoSun protection knowledge 3
T " T @
b Serious limitations Important inconsistency Indirectness Serious impreciSion | Uncertain Very low
B (-1) . (-1) (-1) (-1) % Unable to determine.
N .
246 RCTs242850- zzydomlsatlon unclear Heterogeneity (12 85%) Diverse interventions Small sample sige Small number of
;233 Partici blinded (written vs. electronic), S studies, large
2+ artmnpanFs hot blinded or varying duration (1 day to Z heterogeneity
well described?+2830-33 =
28 c | £ all . 10 months) =
p
o oncealment of allocation Same sample?32 3
30 not described?833 Q
1 =
<
32Sun protection attitude Q
3
h Serious limitations Important inconsistency Indirectness Serious imprecision Uncertain Very low
3 (-1) (-1) (-1) (-1) 3 Unable to determine.
364 RCTs2431:3 Randomisation unclear?*32 | Wide variation in the effect | Diverse interventions Small sample side, Small number of
;73 33 estimates, heterogeneity (12 | (written vs. electronic), small number c% studies, large
NS Participants not blinded or | 97%). Similar duration. events s heterogeneity.
40 We” described2431_33 Same samp|e2432 §
41 Concealment of allocation @
2 .
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®
1| Complications (skin irritation, sunburn) §
3 Serious limitations Important inconsistency Indirectness Serious imprec&%ion Uncertain Very low
4 5 reTen (-1) (-1) (-1) (-1) § Unable to determine.
5 Participants not blinded3! | Heterogeneity (12=95-99%) Diverse interventions Small sample siZe Small number of
6 32 Analysed in subgroups. (written vs. electronic), e studies, large
~ .
7 Similar effect estimates. similar duration. =z heterogeneity.
9 o . .. 2
d Biologic measures (melanin index, sun damage) N
1 " P )S)
h Serious limitations Important inconsistency Indirectness Serious imprecf;ion Uncertain Very low
125 reTso 22 (-1) o N (-1) (-1) (-1) % Unable to determine.
1B Randomisation unclear Analysed in subgroups. Different interventions Small sample sige Small number of
0 e y group ple sig
15 Participants not blinded Heterogeneity (12 60%) (written vs. electronic), 8 studies, large
32 .. . .
1 similar duration. 3 heterogeneity.
=
17 . . =3
1|8Pre-cancerous incidence E:
;Ig Serious limitations Important inconsistency Indirectness Serious imprec§ion Uncertain Very low
(-1) (-1) (-1) (-1) 3 Unable to determine.
ik Randomisation or . : . . 3 .
224 RCTs 273538 ) Analysed in subgroups. Diverse interventions, Small sample size Large heterogeneity.
B allocation unclear3>3638 varying duration 3
. Participants not blinded or %
25 well described?735-38 o
% 2
A7 .. E
Cancer incidence =
28 =
;g Serious limitations Important inconsistency Indirectness Serious impredgion Uncertain Very low
1 (-1) (-1) (-1) (-1) N Unable to determine.
e Randomisation unclear'* | najority of participants Diverse interventions Majority of < Large heterogeneity.
10 4243 . . . . e
33RCT ) came from 1 study?® (immunosuppression, participants frﬁu;n one
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Figure S3. Subgroup analyses of immunosuppression conversion interventions on skin cancer incidence
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Experimental

Control
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Risk Ratio

Risk

Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
8.6.1 Study size (n<100)

Camphell 2012 22 39 38 47 9.3% 0.70[0.51, 0.95] T
Salgo 2012 1 16 g 17 1.4% 0.13[0.02, 0.95] — =
Subtotal (95% Cl) 55 64 10.7% 0.39 [0.07, 2.17] e R —
Total events 23 46

Heterogeneity, Tau?=1.17; Chi*=3.28, df=1 (P=0.07); F=70%

Testfor overall effect Z=1.08 (F=0.28)

8.6.2 Study size (n=100)

Alberu 2011 12 851 22 273 59% 0.27 [0.14, 0.54] T
Euvrard 2012 14 49 22 51 7.1% 0.66 [0.38,1.14] mE
Hoogendijk-van den Akker 2013 1 i 5 23 1.3% 0.13[0.02, 0.99]

Subtotal (35% CI) 630 347 14.3% 0.37 [0.16, 0.86] B =
Total events 27 a0

Heterogeneity, Tau®=0.33; Chi*=5.75, df= 2 (P=0.06); F=65%

Testfor overall effect; Z= 231 (P=0.02)

8.6.3 Trial duration (12 months)

Camphell 2012 22 39 38 47 8.3% 0.70[0.51, 0.95] |
Salgo 2012 1 16 g 17 1.4% 0.13[0.02, 0.95]

Subtotal (35% CI) 55 64 10.7T% 0.39 [0.07, 217] —eerEAEe
Total events 23 46

Heterogeneity, Tau==1.17; Chi*=3.28, df=1 (P=007); F=70%

Testfor overall effect; Z=1.08 (P =0.28)

8.6.4 Trial duration (24 months)

Alberu 2011 12 551 22 73 54% 0.27 [0.14, 0.54] —ar T
Euvrard 2012 14 49 22 51 7.1% 0.66 [0.38,1.14] T
Hoogendijk-van den Akker 2013 1 30 3] 23 1.3% 0.13[0.02, 0.99]

Subtotal (95% Cl) 630 347 14.3% 0.37 [0.16, 0.86] e =
Total events 27 a0

Heterogeneity, Tau®=0.33; Chi*=5.75, df= 2 (P = 0.06); F= 65%

Testfor overall effect =231 (P=0.02)

8.6.5 Setting (Single Centre)

Salgo 2012 1 16 g 17 1.4% 0.13[0.02, 0.95] |
Subtotal (35% CI) 16 17 1.4% 0.13[0.02, 0.95] e
Total events 1 g

Heterogeneity: Mot applicable

Testfor overall effect; Z= 2.02 (P = 0.04)

8.6.6 Setting (Multi Centre)

Alberu 2011 12 551 22 73 54% 0.27 [0.14, 0.54] —ar T
Camphell 2012 22 39 38 47 9.3% 0.70[0.51, 0.95] |
Euvrard 2012 14 49 22 51 7.1% 0.66 [0.38,1.14] mE
Hoogendijk-van den Akker 2013 1 i 5 23 1.3% 0.13[0.02, 0.99]

Subtotal (35% CI) 669 394  23.6% 0.48 [0.27, 0.85] i
Total events 49 a8

Heterogeneity, Tau®=0.21; Chi*=9.83, df=3 (P=002); F=69%

Testfor overall effect; Z= 2.50 (P = 0.01)

8.6.7 Risk of Bias (Low)

Camphell 2012 22 39 38 47 8.3% 0.70[0.51, 0.95] |
Hoogendijk-van den Akker 2013 1 ] 5 23 1.3% 0.13[0.02, 0.99]

Subtotal (35% CI) 69 70 10.6% 0.39 [0.07, 217] —eerEAEe
Total events 23 44

Heterogeneity, Tau®=1.14; Chi*=3.05, df=1 (P=0.08); F=67%

Testfor overall effect; Z=1.08 (P =0.28)

8.6.8 Risk of Bias (Unclear)

Alberu 2011 12 551 22 73 54% 0.27 [0.14, 0.54] —ar T
Euvrard 2012 14 49 22 51 7.1% 0.66 [0.38,1.14] T
Salgo 2012 1 16 g 17 1.4% 0.13[0.02, 0.95]

Subtotal (95% Cl) 616 341 14.4% 0.37 [0.16, 0.86] =i
Total events 27 52

Heterogeneity, Tau®=0.33; Chi*=5.81, df= 2 (P = 0.09); F= 66%

Testfor overall effect =232 (P=0.02)

Total {(95% CI) 2740 1644 100.0% 0.46 [0.36, 0.59] &
Total events 200 384

Heterogeneity: Tau®= 0.14; Chi*=51.27, df= 19 {F < 0.0001); F= 63% 0?1 150 100

Testfor overall effect; Z= 618 (P < 0.00001)

Testfor subaroup differences: Chi*=1.69, df=7 (P =088), F=0%

Favours [experimental]

Favours [control]
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ABSTRACT

Objectives
Solid organ transplant recipients are at increased risk of skin cancer, affecting more than 50% of
recipients. We aimed to determine the effectiveness of interventions for behavioral change for

sun protection or skin cancer prevention in solid organ transplant recipients.

Design

Systematic review

Data sources

Electronic databases were searched from inception to November 2019.

Eligibility Criteria
We included randomized controlled trials that evaluated the effect of behavioral or
pharmaceutical interventions on behavioral change or skin cancer prevention in solid organ

transplant recipients.

Data extraction and synthesis

Risks of bias and evidence certainty were assessed using Cochrane and the GRADE framework.

Results
Twenty trials (n=2,295 participants) were included. It is uncertain whether behavioral
interventions improve sun protection behavior (N=3, n= 414, SMD 0.89, 95% Cl| -0.84-2.62, I

=98%) and knowledge (N=4, n=489, SMD 0.50, 95% Cl 0.12-0.87, 1> 76%) as the quality of evidence
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is very low. We are uncertain of the effects of mammalian target of rapamaycin inhibitors on the
incidence of non-melanocytic skin cancer (N=5, n=1080, RR 0.46 95% CI 0.28-0.75, 12=72%) as the

quality of evidence is very low.

Conclusions
Behavioral and pharmaceutical preventive interventions may improve sun protective behavior and
knowledge, and reduce the incidence of non-melanocytic skin cancer, but the overall quality of the

evidence is very low and insufficient to guide decision-making and clinical practice.

PROSPERO Registration number

CRD42017063962
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ARTICLE SUMMARY

Strengths and limitations

A comprehensive review conducted using methods outlined by Cochrane Collaboration
including GRADE to assess risk of bias and evidence certainty

Inclusion of a broad range of interventions, including behavioral to improve sun protection
behavior and pharmaceutical (immunosuppression, photodynamic therapy, oral retinoid,
nicotinamide and topical immune response modifiers) to evaluate precancerous lesion

response and cancer incidence

Difficulty obtaining an overall summary estimate for many outcomes due to the variability

in the analytical methods and reporting in individual studies

Unable to perform detailed subgroup analyses or assess for publication bias due to small

number of studies

Few trials included the important outcomes of skin cancer and none included melanoma or

mortality.
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1. INTRODUCTION

Skin cancer, including melanoma and nonmelanoma skin cancer (NMSC), is the most frequently
diagnosed malignancy among solid organ transplant recipients, affecting more than 50% of post-
transplantation recipients. 2 The cumulative incidence of NMSC increases with time after
transplantation, from 5-10% at 2 years to 40-80% at 20 years.>* Compared to the general
population, there is a higher rate of squamous cell carcinoma (SCC) to basal cell carcinoma (BCC),
with an incidence of 65 to 250 times greater than the age and gender-matched general
population.>® Once cancer develops, management options are limited as immunotherapy may be
unsuitable as it may lead to graft rejection.® 19 Although registry data shows improvement in
survival rates of transplant recipients as a result of improved transplantation techniques and
management of immunosuppression, there is a greater burden of skin cancer and cancer related
mortality.!! The excess risk of death from invasive and metastatic skin cancer, such as SCC and
melanoma, are three times to nine times higher than the general population, with five-year overall

survival of less than 30%.6 1215

Sun exposure behaviors remain the most significant and modifiable risk factor in the prevention of
skin cancers in the general population.1® However, with the dramatic increase in skin cancers in
solid organ transplant recipients, pharmaceuticals have also been used to reduce and delay the
development of skin cancer.’®1” Current recommendations for preventive strategies have often
been extrapolated from guidelines in the general population, which may not be applicable to solid
organ transplant recipients.'®1® For example, frequent skin self-examination and annual to
biannual total body skin examination are generally recommended for the general population.8-20
Sun protective behaviors including use of sunscreen, protective clothing and limiting sun exposure

during peak hours of high UV index days are potential measures for skin cancer prevention.3414
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Further, alteration of maintenance immunosuppression such as conversion to mammalian target
of rapamaycin inhibitors (mTORi) and secondary prevention using retinoid acitretin are

recommended for management of skin cancers in high risk transplant recipients.2°

The aim of this study is determine the effectiveness of interventions that promote behavioral

change and skin cancer prevention in solid organ transplant recipients.

2. METHODS

This systematic review followed a pre-specified protocol registered in PROSPERO
(CRD42017063962) and is reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) checklist.?! The study was exempt from approval

from an ethics’ board.

2.1 Inclusion criteria

All randomized controlled trials (RCTs) or quasi RCTs (allocated to trial arms by investigators) of
interventions for skin cancer prevention (both melanoma and non-melanoma skin cancer) in solid
organ transplant recipients were included. Behavioral interventions defined as any strategy used
to promote sun protective behavior including passive (e.g. pamphlets), active (e.g. group
workshops, counselling, dermatology clinic) and provision of sun protective equipment; and
pharmaceutical interventions (switch to mTOR inhibitors, photodynamic therapy, immune
response modifiers, nicotinamide and oral retinoids) and studies that reported skin cancer related
outcomes as their primary outcomes were included. Studies that did not report these outcomes as
primary end-points were excluded. Studies of interventions for the treatment of skin cancer were

excluded.
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2.2 Search strategies

We searched MEDLINE, Embase, the Cochrane Central Register of Controlled Trials (CENTRAL) and
CINAHL from inception to November 2019 without language restriction, using search strategies
designed by a specialist information manager (see Medline search strategy in Figure S1).

Reference lists of included studies were also searched.

2.3 Data extraction

Titles and abstracts were reviewed by two independent authors (LJJ & LL) and those that did not
meet the inclusion criteria were excluded. Full text articles were reviewed by 3 independent
reviewers (LJJ, VS, LL) and any disagreements were resolved by discussion. Data on study design,
geographic location, sample size, type of transplant, measurement of interventions, interventions
and comparators were extracted. We sought unclear or missing information from authors where

possible.

2.4 Outcome measures

The pre-specified outcome measures were incidence of precancerous and cancerous lesions, sun
protection behavior (including use of sunscreen, use of protective clothing including hats and
sunglasses, shade and sun avoidance), knowledge and attitude, skin self-examination, sun
exposure (including skin irritation, sunburn) and biologic measures (including measurement of

melanin index and sun damage assessment).

2.5 Risk of bias and quality of evidence

The risk of bias was assessed independently by LJJ and VS using the Cochrane risk of bias tool.??
The domains included in the assessment were: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete

outcome data, selective reporting, trial registration and industry involvement. Each criterion was

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 11 of 55 BMJ Open

oNOYTULT D WN =

assigned a judgment of high, low or unclear risk of bias. Intention to treat and lost to follow up
were also assessed for each study. The quality of the evidence informing summary estimates for
each outcome was then assessed by LJJ using the Grading of Recommendations Assessment

Development and Evaluation (GRADE) guidelines.?

2.6 Data synthesis and statistical analyses

Continuous outcomes were summarized as mean difference (MD) or standardized mean
difference (SMD) and dichotomous outcomes as relative risk (RR). A MD/SMD greater than zero
and/or a RR greater than 1 could be interpreted as favoring the intervention group relative to the
control, unless specified elsewhere. Risk estimates were reported with 95% confidence intervals
(C1), using random-effects meta-analysis. We quantified the heterogeneity using the |12 statistic. An
12 value of <25% was considered to represent low heterogeneity and >75% as high heterogeneity.
When sufficient data were available, possible sources of heterogeneity were investigated using
subgroup analysis based on pre-specified study characteristics including sample size, trial duration,
setting and overall risk of bias. Funnel plots were planned to evaluate small study effects when at
least ten studies were included in meta-analysis. All analyses were conducted using Review

Manager version 5.3 software.

2.7 Patient and public involvement

There was no patient or public involvement.

3. RESULTS
3.1 Study selection

The literature search identified 1280 articles, of which, 1201 were excluded after abstract and title

review. Full text assessment of 79 studies found 22 eligible articles for inclusion (Figure 1).

10
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3.2 Studies characteristics

We included 22 reports of 20 RCTs, including 2,295 participants (Figure 1). The study
characteristics are summarized in Table 1 and Table 2. The median number of participants was 44
(range 17 to 830) and the median follow-up duration was 10 months (range 1 day to 60 months).
All studies included kidney transplant recipients, with some also including heart transplant
recipients (n=1), liver, heart, pancreas, lung, heart/lung and other transplants (n=1), and lung and
liver transplant recipients (n=2). In total, 15 of 21 (76%) studies provided sufficient data for the

meta-analyses. Six studies did not meet final criteria for meta-analysis as they had the same

Page 12 of 55

sample of participants (n=1),2* or did not provide data that was able to be meta-analyzed (n=5).%>

29

3.3 Risk of bias and quality of the evidence

Overall studies had either high or unclear risk of bias for at least one domain (Figure 2; Figure S2).
Random sequence generation and allocation concealment were unclear in most studies (n=12,
60%). Blinding of participants was not done in most studies (n=16, 80%) and blinding of outcome
assessors was only reporting in half of the studies (n=10). Intention to treat analyses were used in
6 (30%) studies and 6 studies (30%) had a high loss to follow-up. A total of 3 (15%) studies had
incomplete outcome data, and all studies were at low risk for selective reporting. Seven studies
(35%) reported industry involvement in authorship, design, or data analysis, and of the 16 trials

requiring trial registration, only 9 (56%) reported accordingly.

The overall quality of the evidence was very low for all outcomes (Table S1) due to limitations in
study design, heterogeneity in the intervention and outcomes measures, the very small sample

size of individual studies and the small number of studies for each specific outcome. Obtaining an

11
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overall summary estimate was difficult for many outcomes due to the variability in the analytical
methods and reporting in individual studies. In particular, assessment of reporting of sun
protection behavior and sun protection knowledge was not possible as outcomes were
inconsistent and there was large diversity of interventions used (e.g. written education material
versus a mobile app program). Furthermore, formal testing of publication bias was not performed

due to insufficient data.

3.4 Interventions

The interventions in the included studies were grouped in three broad categories, behavioral
(n=6), switch to mTOR inhibitors (n=6), and other pharmaceutical interventions (photodynamic
therapy, immune response modifiers, oral retinoids and nicotinamide) (n=9). Studies of behavioral
interventions used passive methods of delivery including written educational material (n=2), both
written educational material and text messages (n=1), mobile app programs (n=2) and a video

(n=1).

All six studies of immunosuppression compared mTORis (sirolimus) to calcineurin inhibitors (CNI)

based therapies.

Four of the eight studies of other pharmaceutical interventions assessed the effect of
photodynamic therapy using methyl aminolevinate creams compared to placebo (n=1), no
treatment to contralateral area (n=2) or a topical immune response modifier cream (n=1). Three
studies assessed oral retinoid using acitretin compared to placebo (n=1), lower dose (n=1) or a
drug free period (n=1), one study assessed nicotinamide compared to placebo and a single study
assessed the benefits of topical immune response modifier compared to placebo in kidney

transplant recipients.

12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 14 of 55

3.5 Effect of behavioural interventions on sun protection outcomes

Sun protection behavior

Sun protection behavior, defined as hours spent outdoors per week, use of sunscreen, wearing
protective clothing and seeking shade, was assessed in three trials3%-32, Educational workbooks,3°
educational workbooks and text messages3! and a mobile app program3? were compared with
standard care. Patients who received behavioral interventions reported improved sun protection
behavior scores3°-3? (3 studies, 414 participants, SMD 0.89, 95% Cl -0.84-2.62, 1>98%) (Table 3;
Figure 3). We are uncertain of the effects of behavioural interventions on sun protection behavior
due to very low quality of evidence. A single trial assessed a standardised and validated
educational workbook and found an improvement in the proportion of participants engaging in
skin self-examination after one month (75 participants, RR 4.14, 95% Cl 2.22-7.72).33 One trial
assessed a mobile app program and reported a reduction in daily hours spent outdoors among the

intervention group (170 participants, MD -6.12, 95% Cl -711 to -5.13).32

Sun protection knowledge

The effectiveness of educational workbooks, text messages, mobile app programs and videos on
sun protection knowledge was assessed in 6 studies?*2830-33 four of which provided data for a
meta-analysis. There was an improvement in knowledge scores (4 studies, 489 participants, SMD
0.50, 95% Cl 0.12-0.87, 1276%) in the intervention group compared to standard care (Figure 4).30-33
One study compared an interactive visual representation of the educational program with
standard information pamphlets and found that knowledge of sun protection improved among

those who received the educational video.28

13
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Sun protection attitude

Three studies assessed sun protective attitude after receiving an educational workbook, text
messages or a mobile app program over a period of 0.5 months to 1.5 months.31-33 Compared to
standard care, there was an overall improvement in scores of concern about developing cancer (3
studies, 348 participants, SMD 1.85, 95% Cl 1.59-2.11, 12 96%).31-33 Two studies involving 273
participants reported an improvement in scores of understanding the personal risk of skin cancer
(SMD 0.61, 95% Cl -0.60-1.82, 12 96%), adherence to sun protection (SMD 0.77 95% Cl -0.14-1.68, I
92%) and willingness or intention to change behavior (SMD 1.70, 95% Cl -1.68-5.07, 1299%).3132
We are uncertain of the effects of behavioural interventions on sun protection attitude due to
very low quality of evidence. A single study involving 75 participants also reported an
improvement in scores of ability to recognize a potential skin cancer (MD 1.80, 95% Cl 1.35-2.25),
importance of skin self-examination (MD 1.05, 95% Cl 0.61-1.49) and having a partner help for skin
self-examination (MD 1.59, 95% Cl 1.10-2.08).32 Another single study reported an improvement in
the importance of engaging in sun protection (measured using 5-point Likert scale) (101

participants, MD 7.00, 95% Cl 2.94-11.06).31

Skin complications and biologic measures

Two trials of behavioral interventions in 271 kidney transplant recipients compared a mobile app
or an educational workbook and text messages to standard care on reported skin complications
and biologic measures of sun exposure.3!32 The intervention group experienced a reduced
incidence of skin irritation (a culturally relevant term for sun exposure3*) (RR 1.00, 95% CI 0.89-
1.13, 12 95%) or sunburn (RR 3.19, 95% Cl 2.47-4.10, 12 99%). They also had a decreased melanin
index (right forearm, SMD -0.42, 95% Cl -0.66 to -0.18; cheek SMD -0.25, 95% CI -0.64 to -0.15) and
reduced severity of sun damage (SMD -0.13, 95% Cl -0.40 to 0.13) on sun exposed areas
(measured using clinical images of chronic sun damage and scored 1-10).

14
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3.6 Effect of pharmaceutical interventions on skin cancer prevention

The incidence and responses of pre-cancerous lesions were measured only in trials of
pharmaceutical interventions (Table 4). These included the switch to mTOR inhibitors (n=1),3°
photodynamic therapy (n=2)3%37 and immune response modifiers (n=1)38 to current treatment or
placebo. The incidence of non-melanocytic skin cancers (NMSC) was assessed in nine

pharmaceutical studies.? 33844 None included melanoma as an outcome.

Topical/local interventions

One trial of 14 participants compared an immune response modifier, 5% imiquimod cream with
placebo and found a reduction in the incidence of skin dysplasia (RR 2.14, 95% Cl 0.31-14.65), skin

atypia (RR 3.00, 95% Cl 0.47-19.35), and viral warts (RR 7.00, 95% Cl 0.46-106.10).38

One Danish study of 26 kidney transplant recipients compared photodynamic therapy with no
treatment and reported a relative reduction by approximately 40% in the incidence of NMSC on
the treated area (RR 0.59, 95% Cl 0.34-21.03, p 0.06).%* A lower incidence of SCC was also reported
in one trial comparing two areas of skin using an immune response modifier and placebo (14
participants, RR 0.09, 95% Cl 0.0.01-1.70).38 Two trials comparing photodynamic therapy to an
immune response modifier or photodynamic therapy to placebo in recipients with diagnosed
keratoses reported a complete response rate of 60% compared to 24% in the control group (50
participants, RR 5.03, 95% Cl 0.14-176.17, 1>85%).3637 We are uncertain of the effects of
photodynamic therapy on incidence of precancerous lesions due to very low quality of evidence.

Further, one trial which was not included in the meta-analysis, reported a higher cumulative

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 17 of 55 BMJ Open

oNOYTULT D WN =

incidence of actinic keratosis lesions in untreated skin (63%) compared with skin treated by

photodynamic therapy (28%).%’

Systemic interventions

mMTORis therapy reduced the incidence of NMSC compared to CNIs maintenance therapy (5 trials,
1082 participants, RR 0.46, 95% Cl 0.28-0.75, 12 72%) (Figure 5).13>394143 However evidence was
limited due to short follow-up periods, variability in dosing of mTORis and significant rates of loss
to follow up, and therefore we are uncertain of the effects of mTORis on skin cancer incidence due
to very low quality of evidence. A single trial involving 21 patients reported a reduction in the
overall incidence of SCC by 49% in the conversion arm, but reported a drop out rate of 77% and
follow-up time of less than 2 years.?® Further, a single trial which compared mTORi conversion
from CNI based therapy reported a significant improvement in skin dysplasia (32 participants, RR

24.35, 95% Cl 1.55-381.99).3°

Two trials comparing an oral retinoid, acitretin, with placebo or a drug free period reported an
increased lower risk of both SCCs and BCCs (46 participants, RR 0.40, 95% Cl 0.19-0.85, p 0.02; RR
0.50, 95% ClI 0.14-1.76)*? or development of a new skin cancer (19 participants, RR 0.22, 95% ClI
0.06-0.90). However, there were no differences in the incidence of new SCCs.*° One trial, which
was not included in the meta-analysis, showed approximately a 50% reduction in the incidence of

actinic keratosis which compared a high dose to a low dose of acitretin.2®

One Australian trial of 22 kidney transplant recipients compared nicotinamide with placebo and
reported an estimated relative rate difference of 0.35 (95% Cl -0.62 to 0.74), 0.67 (95% Cl -0.40 to

0.90) and 0.07 (95% Cl -1.51 to 0.65) for NMSC, BCCs and SCCs respectively.?®
16
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3.7 Subgroup analysis

Study size, trial duration, setting and risk of bias did not modify the effects of CNIs and mTORIs on
skin cancer incidences (Figure S3). Sources of heterogeneity for other treatment effects could not

be explored due to insufficient data.

4  DISCUSSION

Skin cancers (both non-melanoma and melanoma) are major causes of morbidity and mortality in
solid organ transplant recipients. Despite this, trials of interventions aimed at preventing skin
cancer in solid organ transplant recipients are few in number (20 trials), small with half comprising
of 50 patients or less, of short duration (48% have <12 months follow up) and 52% do not include
incidence of skin cancer as an outcome. Our review included 22 reports of 20 trials involving 2,295
transplant recipients, who were predominately kidney transplant recipients. The studies covered a
broad range of interventions, including behavioral to improve sun protection behavior and
pharmaceutical (immunosuppression, photodynamic therapy, oral retinoid, nicotinamide and
topical immune response modifiers) to evaluate precancerous lesion response and cancer
incidence. None of the behavioral intervention studies included precancerous lesions or skin
cancer incidence as outcomes. Although interventions showed plausible improvements to sun
protection behaviors, precancerous lesion responses and cancer incidence, there was considerable
variability across interventions types, variability in outcomes assessed and outcome estimates.
Overall, the current evidence for interventions for skin cancer prevention in solid organ transplant

recipients is of very low quality and is insufficient to guide decision-making and clinical practice.

Although behavioral interventions appeared to improve sun protection attitude, knowledge and

behavior, there were inconsistencies detected and none of these studies included skin cancer as

17
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an outcome. Due to limited number of studies, we were unable to compare specific behavioral
interventions (e.g. mobile app vs. written education) to ascertain the most effective method of
delivering sun protection education. While there may be some modest benefits in the reduction in
cancer incidence (for NMSC) among solid organ transplant recipients who were converted to
mMTORIs compared to those on CNI maintenance, there was substantial heterogeneity across the
studies that was unable to be explained by subgroup analyses. Heterogeneity may be attributed to
the absence of long term follow up, large discontinuation rates owing to adverse events and
variability in the doses of mTORIs. Pharmaceutical interventions (switch to mTOR inhibitors,
photodynamic therapy, immune response modifiers) showed a reduction in precancerous lesions
compared to standard care or a comparator group. However uncertainty exists in the treatment
effects and there were too few studies, interventions were incomparable, follow-up times were
variable and considerable loss to follow up for some studies to conclude that the benefits are

sustainable.

Previous systematic reviews have evaluated the impact of behavioral interventions on skin cancer
prevention in the general population,* and concluded that computer programs may increase sun
protective behaviors, and ‘appearance-focused’ interventions may decrease sun tanning and UV
exposure in adolescents and young women, respectively. Reviews conducted in other populations
at high-risk including outdoor workers,*® family history, personal history and phenotypic factors*’
have found similar improvement in sun protective behaviors, including use of sunscreen, as well as
a decreased incidence of keratoses. A systematic review of the benefits and harms of oral
retinoids for the prevention of skin cancer among high risk transplant recipients led to inconclusive

results on the effect of acitretin due to the small number of included trials.*8

18
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Despite the inclusion of all interventions aimed at the prevention of skin cancer in solid organ
transplant recipients and the comprehensive systematic search for eligible studies, there are some
potential limitations. Due to the heterogeneity of the studies, the high risk of bias, the potential
for reporting bias and imprecision in the point estimates of individual studies, there is a high
degree of uncertainty in the estimate of the effect of skin cancer prevention interventions. All
studies of behavioral interventions were undertaken in United States, with 4 by the same authors,
whilst most pharmacological intervention studies were conducted in Europe. There were also
large discontinuation rates owing to adverse events in trials of mTORIs. Further, given the small
number of studies included in the meta-analysis, we were unable to perform any detailed
subgroup analyses to explore heterogeneity or assess for publication bias. While we were unable
to show and assess publication bias using standard statistical tests, we would suggest the
observed heterogeneity may also be attributed to potential publication and reporting biases. It is
difficult to quantify the extent of such bias in this review, but one would expect research with
‘positive’ findings that indicate an intervention works, such as behavioral interventions improve
sun protection, are more likely to be published more than one, in high impact journals and more
likely to be cited. Finally, few trials included patient important outcomes associated with skin

cancer and none included melanoma or mortality.

The use of pharmaceutical and immunosuppression therapy remains complex. Not only has mTORI
therapy shown benefits in lowering the risk of skin cancer, early conversion to mTORI therapy
from CNiIs has also shown promising effects in reducing cancer rates.*°>%0n the contrary, overall
mortality is higher and discontinuation following adverse events is more common in patients who
receive mTORI therapy.*®>0 Several RCTs showed a higher rate of patients reporting adverse
events or drug discontinuation with sirolimus,! 4143 demonstrating concern of its clinical

usefulness.*® Nicotinamide may also offer benefits to reducing skin cancer incidence by 20% and is
19
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relatively safe with minimal side effects. The protective effect of nicotinamide on skin cancer
incidence in kidney transplant recipients is currently being explored in a phase 3 randomised

controlled trial.

Although behavioral change is a simple strategy, long-term adherence remains challenging.

While behavioral counseling has been shown to increase sun protective behaviors in non-
transplant populations,* there is no direct evidence to show that the behavioral change led to a
reduction in morbidity and mortality. Previous studies have suggested that transplant recipients
do not practice sun protective behaviors regularly,”'3 were less likely to use sunscreen®* and that
patients have to perceive skin cancer as being an important risk to be motivated to change
behavior.>>>6 However, studies on risk perception of transplant recipients remain conflicting.
Given this complexity and the observed inconsistencies in the existing trials, process evaluations
including facilitators and barriers to behavioral change should be included in future trials. Such
evaluations could include the use of qualitative methodology to support the trial design, ascertain

the perspectives of participants on the intervention and evaluate the implementation.>” 58

We suggest that further strategies for skin cancer prevention in transplant recipients require a
multifaceted and individualized approach. Transplant recipients are likely to benefit from early
implementation of education, particularly before transplantation occurs and recipients may be
preoccupied with other health needs related to transplantation. Although recipients understand
the importance of ongoing education for the ability to self-manage their disease, they may
experience difficulty in concentrating and learning new knowledge, and are often unable to look
beyond their graft and the anxiety/fear of graft loss.>®! Interventions should be integrated into

routine appointments and tailored to meet the individual needs of patients. This would be best
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achieved through a shared decision-making approach to identify the patient’s preferences and

priorities and thereby enhance the likelihood of success of self-management and prevention.5?

Additional large-scale and high-quality RCTs are needed to demonstrate the effectiveness of
interventions used to prevent skin cancer in transplant recipients in terms of patient important
outcomes, in particular morbidity and mortality associated with skin cancer. Determining patient’s
preferences for prevention and management of skin cancer are also warranted to ensure
interventions and outcomes for trials are relevant to patient needs and priorities and better
support patient-centered treatment decisions.®® Evidence of the efficacy of sun protective
behavior interventions need to be strengthened, with use of measures that are homogenous,

reliable and validated.

Preventative measures including behavioral, switch to mTOR inhibitors and other pharmaceuticals
may improve skin cancer outcomes for solid organ transplant recipients. However, the overall
quality of evidence is of very low and insufficient to guide decision-making and clinical practice.
Future robust studies that are well powered, have long-term follow up, and use clinical and
patient important outcome measures in a consistent manner are required to therefore optimize

outcomes for solid organ transplant recipients.
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Page 3+§£fg 1. Characteristics of included studies (n=28$\/U Open

Characteristics N (%)

1 Type of transplant
2 Kidney 16 (80)
" Multiple* 4 (20)
5 Sex
6 >50% Male 18 (90)
7 < 50% Male 1(5)
g Not specified 1(5)
10 Age(mean)
11 <60 10 (50)
12 > 60 5 (25)
12 Not specified 5(25)
15 Sample size
16 10-50 11 (55)
17 50-100 3 (15)
12 100 — 200 4 (20)
I >200 2 (10)
1 Setting
22 Single center 8 (40)
23 Multi center 11 (55)
;2’ Not specified 1(5)
26  Country of origin
27 Australia 3(15)
28 Denmark 4 (20)
gg France 1(5)
31 Germany 1(5)
32 Netherlands 2 (10)
33 New Zealand 2 (10)
34 Switzerland 1(5)
22 Sweden 1(5)
37 United Kingdom 3(15)
38 United States 6 (30)
39 Othert 1(5)
2(1) Intervention Type
) Behavioral 5 (25)
43 Switch to mTOR inhibitors 6 (30)
44 Photodynamic therapy 4 (20)
45 Oral retinoid 3 (15)
j? Nictotinamide 1(5)
48 Topical immune response modifier 1(5)
49  Duration of follow up
50 <12 months 9 (45)
g; 12 months 4 (20)
53 24 months 5(25)
54 >24 months 1(5)
55 Not specified 1(5)
g? Year of publication
s 1995 — 1999 1 (5)
59 2000 — 2004 3 (15)
60 2005 — 2009 4 (20)

2010 - 2014 8 (40)

2015 -2017 4 (20)

* Kidney, liver and lung (n=2); kidpeyand, east (Reh AR nRnd my tinis othes SWRes 0rid messderhi

T 111 centres in Asia, Australia, Europe, the Middle East, North America (Canada, Mexico, United States), South Africa, and
South America (Argentina, Brazil, Chile
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Table 2. Characteristics of individual studies
Primary
outcomes

Intervention

N  Type of transplant

Setting Type of intervention Measures Comparator

3Behavioral interventions (n=6)

1
o
N
©
N
(o2}
a1

4Clowers- 202 Kidney, liver, heart,  Single centre, Behavioral Self-reported Repetitive Standard Knowledge & 10
ZWebb pancreas, lung, United States guestionnaire written mat@rial care behavior

52006%° heart/lung, other? g

8Robinson 75  Kidney United States Behavioral Self-reported Workbook § Standard Knowledge & 1
920113 guestionnaire N care behavior

"Robinson 101 Kidney Single centre, Behavioral Self-reported Workbook © Standard Knowledge & 1.5
1é01431 United States guestionnaire Text messaés care behavior

13 Physical examination S

;Eobinson 170 Kidney Multi-centre, Behavioral Self-reported Mobile app§ Standard Knowledge & 0.5
180152+ United States guestionnaire program §: care behavior

TRobinson 170 Kidney Multi-centre, Behavioral Self-reported Mobile appé Standard Knowledge & 1.5
1201632 United States guestionnaire program % care behavior

20 Physical examination E

grinh 100 Kidney, liver, lung Single centre, Behavioral Self-reported Video g Pamphlet Knowledge 1 day
2301428* United States questionnaire 3

28witch to mTOR inhibitors (n=7) §

;ﬂlberu 830 Kidney Multi centre§ Switch to mTOR Investigator Conversion §o CNI Cancer 24
2?01139 inhibitors reported adverse sirolimus 5 incidence

28 events =

2@ampbell 86 Kidney Multi centre, Switch to mTOR Physical examination Conversionfp CNI Cancer 12
390124 Australia, inhibitors +/- biopsy sirolimus 3 incidence

g; New Zealand, g

33 United States <

3€arroll 32 Kidney Multi centre, Switch to mTOR Physical examination Conversion @ CNI/AZA Cancer 24
350132" UK inhibitors +/- biopsy prednisolong & incidence

ff sirolimus §

;Iguvrard 120 Kidney Multi centre,  Switch to mTOR Physical examination Conversiongb CNI Cancer 24
33012164 France inhibitors +/- biopsy sirolimus o incidence
4Ploogendijk- 155 Kidney Multi centre, Switch to mTOR Physical examination Conversionlgp AZA/MMF/ Cancer 24
2\1/an den Netherlands, inhibitors +/- biopsy sirolimus % CNI incidence

Az&kker UK
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o
20134 E
1Salgo 44  Kidney Single centre, Switch to mTOR Physical examination Conversion §3 AZA/MMEF/ Precancerous 12
220103 Germany inhibitors +/- biopsy sirolimus an CNI skin dysplasia
3 . [N ..
2 Clinical photographs predn|sone§ incidence
5Pharmaceutical interventions — Photodynamic therapy (n=4); oral retinoids (n=3); nicotinamide (n=1); 5% imiquimod cregm (n=1)
?Bavinck 44  Kidney Multi centre,  Oral retinoid Physical examination Acitretin = Placebo Cancer 6
g1995% Netherlands +/- biopsy = incidence
9 E precancerous
10 S lesion
N o reduction
1'§rown 21  Kidney Multi centre, Topical immune Physical examination 5% Imiquimoi)d Placebo Reduction of 4
1400538 UK response modifier +/- biopsy cream % precancerous
15 cream Clinical . o lesions
16 inical mapping and 3
17 photographs 3
1€hen 22 Kidney Single centre, Nicotinamide Physical examination Nicotinamidg Placebo Cancer 6
1901629% Australia g incidence
20 e
2.9 i)
;ge Sevaux 26 Kidney Single centre, Oral retinoid Physical examination High dose = Low dose Cancer and 12
220032" Netherlands +/- biopsy acitretin 3 acitretin precancerous
24 § incidence
;E)ragieva 17  Kidney, heart Single centre, Photodynamic Physical examination Methyl § Placebo Precancerous 4
2200436 Switzerland therapy +/- biopsy aminolevuligate lesion
28 Clinical photographs ~ €"€@M R response
;ﬁeorge 23 Kidney Multi centre,  Oral retinoid Physical examination Acitretin Drug free Cancer 24
N
o . N . -
izooz Australia Annual radiological S period incidence
33 evaluation ‘8
34ogsverd- 25 Kidney Single centre, Photodynamic Physical examination Methyl & No treatment Actinic 36
3B0 2015271 Denmark therapy - aminolevuliate contralateral  keratosis
36 Clinical photographs cream g area incidence
;gogsverd- 35 Kidney, lung, liver Multi-centre, Photodynamic Physical examination Methyl § 5% Actinic keratosis 6
380 2017%7 Denmark and therapy Questionnaire/Diary ammolevulféate imiquimoid lesion response
40 Sweden cream Z cream
41 Q
42 =~ 32
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Wulf 27  Kidney Multi centre, Photodynamic Clinical mapping and Methyl No treatment Cancer 12
1200644’r Denmark and therapy photographs aminolevuliate contralateral incidence
5 Netherlands cream area

2

Fxcluded from analyses — no meaningful data to extract

‘Randomized controlled areas of skin on individuals

Excluded from analyses — same participants as Robinson 2016

Bl11 centres in Asia, Australia, Europe, the Middle East, North America (Canada, Mexico, United States), South Africa, and South America (Argen
Abbreviations: CNI, Calcineurin inhibitor; AZA. Azathioprine; MMF, Mycophenolate mofetil

8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4 . 33
43
44
45
46

a, Brazil, Chile
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Table 3. Effect of behavioral interventions on sun protection outcomes

Outcome

BEHAVIORALINTERVENTION (n=5)

Studies

Participants

Weighted

MD?/SMD® [95% Cl]

p-uadolwq/g

Relative risk

Intervention

Comparator

SUN PROTECTION BEHAVIOR

él
General sun protection behavior 3 414 0.89 [-0.84, 2.62] 0.31% 98% Workbook, text Standard care
= messages, mobile app
& program
Skin self-examination §
1 month after visit 1 75 4.14[2.22,7.72] <o.001; %0 Workbook Standard care
s 0.
If checked, concerned 1 42 6.43[0.42, 98.58] 0.183
3
If concerned, saw 1 12 Not estimable¢ §
dermatologist 5
Decrease daily hours outdoors 1 170 -6.12 [-7.11, -5.13]¢ <0.00§ Mobile app program Standard care
S HE R
SUN PROTECTION KNOWLEDGE 4 489 0.50[0.12, 0.87] 0.015 76% Workbook, text Standard care
% messages, mobile app
° program
SUN PROTECTION ATTITUDE g
Concern about developing skin 3 348 1.88 [0.96, 2.80] <0.00§- 92% Workbook, text Standard care
cancer % messages, mobile app
=2 program
Recognise personal risk 2 273 0.61[-0.60, 1.82] 0.32)3> 96% WOFkbOOkaf;)‘?ItEXt Standard care
Confidence in ability to perform 2 273 0.77 [-0.14, 1.68] 0.102 92% e
sun protection =
Willingness/intention to change 2 273 1.70 [-1.68, 5.07] 0.32§ 99%
behavior =
Knowledge of significance of skin 1 101 7.00 [2.94, 11.06] 0.0015 Workbook and text Standard care
& messages
cancer, relevance of sun &
protection, risk of having a tan Y
Confidence in ability to recognise a 1 75 1.80[1.35, 2.25] <0.00§‘ Workbook Standard care
skin cancer 5
Importance of skin self- 1 75 1.05[0.61, 1.49] <0.008
N 3
examination 3
Importance of partner help for skin 1 75 1.59 [1.10, 2.08] <0.00&
=

self-examination
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COMPLICATIONS 3
Skin irritation é
None 2 271 1.00 [0.89, 1.13] 0956 95% Workbook afL‘f'lteXt Standard care
>1 2 271 0.77[0.43,1.36] 03658 89%  oregram
N
Sunburn (past week) &
None 2 271 3.19 [2.47,4.10] <0.00'1Ci 99%
>1 2 271 2.68[1.81,3.96] <0.00Z 95%
BIOLOGIC MEASURES <
Melanin index - RU arm (sun 2 271 0.12 [-0.12, 0.35] 0.34§ 0% Workbook and text Standard care
tected : messages, mobile app
protec g program
Melanin index - R forearm (sun 2 271 -0.42 [-0.66, -0.18]¢ 0.005 0%
exposed) §
Cheek (sun exposed) 2 271 -0.25 [-0.64, 0.15]¢ 0.22% 61%
Sun damage assessment - R 2 271 -0.13 [-0.40, 0.13]¢ 0.33§5 16%
forearm g
2Mean difference §
bStandardised mean difference 3
‘Unable to estimate due to absence of comparator group -r%
dReduction of outcome of interest represents an improvement g
3
E.
3
S
>
E
5
S
IN
2
Q
c
4}
T
=1
3
2
g
8
2
é.
=3 35
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Table 4. Effect of pharmaceutical interventions on skin cancer prevention

: Outcome Studie Participants Relative risk Intervention Comparator
2 S
3 SWITH TO mTOR INHIBITORS (n=5) §
g PRE-CANCEROUS LESIONS &
¢  Skindysplasia S
7 Any improvement 1 32 24.35[1.55,381.99] 0.02 0 Siro“musg CNIP
8 2. )
9 Unchanged 1 32 0.85 [0.28, 2.61] 0.78 N
10 S
11 Any worsening 1 32 0.04 [0.00, 0.66] 0.02 o
12 S
13 CANCEROUS LESIONS 2
I
12' SCCY/BCCe incidence 5 1082 0.46 [0.28, 0.75] 0.002 72% 5'r°"mu'5§ CNI
16 >1 SCC 1 53 0.64 (0.35, 1.17) 0.15 N/A 3
17 Skin cancer (excluding SCC) 1 53 0.74 (0.49, 1.14) 0.17 N/A i
18 Skin cancer (including SCC) 1 53 0.85(0.61, 1.17) 0.32 N/A g
19 Skin cancer with BCC g
20 1 53 0.89 (0.45, 1.78) 0.75 N/A 5
;; PHOTODYNAMIC THERAPY (n=3) S
>3 PRE-CANCEROUS LESIONS §
24 Actinic keratosis reduction (1-2 sessions) %
;Z Complete response 2 50° 5.03[0.14,176.17] 037 85% MAL® o Placesjlmiquimod
> % cream
27 Partial response 1 172 7.00[0.39, 125.99] 0.19 MAL g Placebo
28 N/A 7
29 No reduction 1 172 0.09 [0.02, 0.40] 0.002 N
30 N/A N
31 CANCEROUS LESIONS 1 26° 0.59 [0.34, 1.03] 0.06 MAL g No treatment
32 N/A Q
2> IMMUNE RESPONSE MODIFIERS (n=1) 3
35 PRE-CANCEROUS LESIONS g
36 Reduced skin atypia 1 142 3.00[0.47, 19.35] 0.25 Imiquimod 5% geam Placebo
37 N/A g
38 Reduced dysplasia 1 142 2.14[0.31, 14.65] 0.44 g
39 N/A 8
40 Reduced keratoses 1 142 2.14[0.31, 14.65] 0.44 <
41 N/A S
42 Reduced no. viral warts 1 142 7.00 [0.46, 106.10] 0.16 '
ji For peer review only - http://bmjopen.bmj.com/site/abOLN/éuidelines.xhtmI
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CANCEROUS LESIONS

SCC incidence

0z-uadolwa/g

Treated (cream vs. placebo) 1 142 0.09 [0.01, 1.70] 0.11 N/A Imiquimod 5% {geam Placebo
o
N
Untreated (control site) 1 142 0.43 [0.08, 2.37] 0.33 §
N/A o
ORAL RETINOIDS (n=2) ,i
CANCEROUS LESIONS =
Decreased incidence: N
>15CC 1 462 0.40[0.19,0.85]  0.02 AcitetrinS Drug free period
N/A o
>1BCC 1 462 0.50[0.14, 1.76] 0.28 %
N/A 5
New skin cancer 1 192 0.22 [0.06, 0.90] 0.03 N/A Acitretin2- Placebo

aControl is the contralateral or similar area of skin on the same participant

bCalcineurin inhibitor

‘Methyl aminolaevulinate cream
dSquamous cell carcinoma
eBasal cell carcinoma

"1ybuAdoo Ag paraaiold 1senb Aq 2oz ‘2T [Udy uo jwod fwg-uadolwg//:dny wol) pa
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Figure legends

Figure 1. Study selection

Figure 2. Risk of bias of included studies

Figure 3. Behavioral interventions — Sun protection behavior (general)
Figure 4. Behavioral interventions — Sun protection knowledge

Figure 5. Switch to mTOR inhibitors — Non melanoma skin cancer incidence
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Figure 1. PRISMA Flowchart

BMJ Open

Records excluded (n = 1,201):
Not transplant (n=247)

> No sun protective behavior or cancer
incidence outcomes (n=442)
Not RCT (n=512)

Full-text articles excluded (n =48):
Not transplant (n=6)

No sun protective behavior or cancer
incidence outcomes (n=31)

Not RCT (n=11)

—
Records identified through database
searching (n = 1433)
H Medline (n=497)
] Embase (n=605) Additional records identified
EE Cochrane Central (n=42) through other sources
£ CINAHL (n=289) (n=23)
3
¥
— Records before duplicates removed
—
(n=1456)
£
E 44 Duplicates excluded (n = 176)
b X
v
Records screened
(n=1280)
-
—
y
oz' Full-text articles d for
3 eligibility
2 (n=79)
w
S p
R Studies for systematic review [n=20,
from 21 reports]
Studies for meta-analysis (n=15):
- Sun protection behavior (n=4)
3 Sun protection knowledge (n=4)
2 Sun protection attitude (n=3)
£ Skin irritation/sunburn (n=2)
Biologic measures (n=3)
Pre-cancerous incidence (n=3)
Cancer incidence (n=10)
—_
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Figure 2. Risk of bias in included studies

Random sequence generation (selection bias) [N ]

Allocation concealment (selection bias) M | ]
Blinding of participants and personnel (erformance bias) [ NN
Blinding of outcome assessment (detection bias) [N ||
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Intervention Standard Care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Sun protection behaviour
Robinson 2016 57.74 13.18 84 31.09 502 86 33.2% 2.67[2.26, 3.09] -
Robinson 2014 19.76 19.625 50 13.77 174 51 33.3% 0.32 [-0.07, 0.71]
Clowers-Webb 2006 24 0.6 70 26 07 73 33.5% -0.30 [-0.63, 0.03]
Subtotal (95% CI) 204 210 100.0% 0.89 [-0.84, 2.62]

Heterogeneity: Tau? = 2.30; Chi? = 125.58, df = 2 (P < 0.00001); I = 98%
Test for overall effect: Z=1.01 (P=0.31)

4 2 0 2 4
Favours control Favours intervention

209x279mm (300 x 300 DPI)
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Intervention Standard Care Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.3.2 Sun protection knowledge
Robinson 2011 376 049 38 283 114 37 21.5% 1.05[0.57, 1.54] s
Robinson 2014 6.71 6.75 52 229 675 51 24.4% 0.65[0.25, 1.05] ——
Clowers-Webb 2006 944 69 70 939 6.7 71 266% 0.07 [-0.26, 0.40]
Robinson 2016 6.67 2861 84 367 1232 86 27.5% 0.33 [0.03, 0.64] —
Subtotal (95% CI) 244 245 100.0% 0.50 [0.12, 0.87] e

Heterogeneity: Tau? = 0.11; Chi* = 12.41, df = 3 (P = 0.006); I = 76%
Test for overall effect: Z=2.58 (P = 0.010)

2 K 0 1 2
Favours control  Favours intervention

209x279mm (300 x 300 DPI)
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Sirolimus

CNI

BMJ Open

Risk Ratio

Risk Ratio

Study or group Events Total Events Total Weight M-H, Rand: 95% CI M-H, Rand 95% CI
4.1.1 Any SCC/BCC
Hoogendijk-van den Akker 2013 1 30 8 23 5.0% 0.13[0.02, 0.99]
Salgo 2012 1 16 8 17 5.3% 0.13[0.02, 0.95]
Alberu 2011 12 551 22 2713 21.7% 0.27 [0.14, 0.54] -
Campbell 2012 22 39 38 47  33.1% 0.70[0.51, 0.95] R
Euvrard 2012 26 42 43 44 349% 0.63 [0.50, 0.81] -
Subtotal (35% CI) 678 404 100.0% 0.46 [0.28, 0.75] 2
Total events 62 "7
Heterogeneity: Tau? = 0.16; Chi? = 14.48, df = 4 (P = 0.006); I* =72%
Test for overall effect: Z =3.10 (P = 0.002)
001 04 10 100

209x279mm (300 x 300 DPI)
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1 Figure S1. Search Strategy

2

3

g 1. exp Neoplasms, Basal Cell/

g 2. basal cell carcinoma.ti,ab.

8 3. exp Neoplasms, Squamous Cell/
9

10 4. squamous cell carcinoma.ti,ab.
11

12 5. nonmelanom#*.ti,ab.

13

14 6. non melanom#*.ti,ab.

15

16 7.1or2or3o0rd4or50r6

17

18 8. Melanoma/

19 9. melanoma*.ti,ab.

20 !

;; 10. Skin Neoplasms/

23 11. skin cancer*.ti,ab.

24

25 12.80r9o0r100r 11

26

27 13.70r 12

28

29 14. exp Organ Transplantation/
30

31 15. solid organ transplant®*.mp.
32

33 16. transplant recipient™.tw.

;g 17. exp Immunosuppression/
;? 18. Immunocompromised Host/
38 19. 14 or 15 or 16 or 17 or 18
39

40 20. 13 and 19

41

42 21. randomized controlled trial.pt.
43

44 22. controlled clinical trial.pt.

45 .

46 23. randomized.ab.

47

48 24. placebo.ab.

49 - . .

50 25. Clinical Trials as Topic/

51 26. randomly.ab.

52

53 27. (crossover or cross-over).tw.
54

55 28. trial.ti.

56

57 29.210or22o0r230r 24 or25 or26or27or28
58

59 30. Animals/ not (animals/ and Humans/)
60
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31.29 not 30

32. 20and 31
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gure EES Risk of bias and key findings in individual studies

(o]
=
o
3
o
©
@
=]

Random . Blmtsllr\g Blinding Incomplete .
Allocation participants . Intervention &
sequence outcome outcome Selective Outcome
Study, year generation concealment & assessors data reporting comparator RR/MD/SMD (95% Cl)
personnel
B8ehavioral Interventions (n=6) .i
éCIowers—Webb Unclear Unclear High Unclear High Low Repetitive Gengral behavior SMD -0.30 (-0.63, 0.03)
920063 written material Knowledge SMD 0.07 (-0.26, 0.40)
10 vs. standard care §
ERobinson Unclear Unclear Unclear Unclear  Low Low Workbook vs. Skin$elf examination (1 month) RR 4.14 (2.22,
120113 standard care 7.722;
14 Kno%ledge SMD 1.05 (0.57, 1.54)
15 Coné&ern about developing cancer SMD 0.95 (0.47,
16 1.43%
:; Congdence to recognize cancer MD 1.80 (1.35,
19 2.25%
20 Impértance of skin self-examination MD 1.05 (0.61,
21 1.49%
;g Imp'grtance of partner to help for skin self-
2 exargination MD 1.59 (1.10, 2.08)
2Robinson Low Low High Low Low Low Workbook & Gengral behavior SMD 0.32 (-0.07, 0.71)
290143 text messages Knogledge SMD 0.65 (0.25, 1.05)
;; vs. standard care Con&rn about developing cancer SMD 2.73 (2.19,
% 3.273
30 Rec@nize personal risk SMD -0.01 (0.40, 0.38)
31 Confidence in sun protection SMD 0.30 (-0.09,
32 0.683
gi Willfgness/intention to change behaviour SMD -
35 0.023-0.41, 0.36)
36 Imp@rtance of skin cancer/sun protection/having a
37 tan ®ID 7.00 (2.94, 11.06)
38 Skirri'frritation none RR 1.37 (1.16, 1.63)
o Skinrritation >1 RR 0.15 (0.03, 0.61)
41 Sun@rn none RR 1.30(1.12, 1.52)
42 Sunburn >1 RR 0.17 (0.04, 0.72)
j:: For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtr‘n'VIelanin index - RU arm (sun protected) SMD 0.23
45

46


http://bmjopen.bmj.com/

(o]
=

BMJ Open (_0.% 0.62) Page 48 of 55
Mel?&in index - R forearm (sun exposed) SMD -

1 0.373-0.76, 0.02)
2 Cheék (sun exposed) SMD -0.03 (-0.42, 0.36)
Z Sun gamage assessment - R forearm SMD -0.30 (-
5 0.6990.09)
6Robinson Unclear Low High Low Low Low Mobile app Gengral behavior SMD 2.67 (2.26, 3.09)
720163 program vs. DaiI\Ehours outdoors MD -6.12 (-7.11, -5.13)
g standard care Kno%ledge SMD 0.33 (0.03, 0.64)
10 Con@rn about developing cancer SMD 1.97 (1.61,
11 2.34%
12 Recénize personal risk SMD 1.22 (0.90, 1.55)
12 Conﬁldence in sun protection SMD 1.23 (0.09, 1.56)
15 Will&gness/intention to change behaviour SMD
16 3.4242.94, 3.89)
17 Skindrritation none RR 0.82 (0.69, 0.96)
18 SkinGrritation >1 RR 1.64 (0.79, 3.40)
;g Sunigirn none RR 40.44 (10.27, 159.27)
21 Sunigurn >1 RR 4.83 (2.95, 7.90)
22 Melanin index - RU arm (sun protected) SMD 0.05
23 (-0.35, 0.35)
;2‘ Mel%ﬂn index - R forearm (sun exposed) SMD -
% 0.469-0.76, -0.15)
27 Che§< (sun exposed) SMD -0.43 (-0.73, -0.12)
28 Sun Eamage assessment - R forearm SMD -0.02 (-
29 0.33,,0.28)
;‘]J'rinh 2014%" Low Unclear Unclear Unclear Low Low Video vs. E
32 pamphlet o
$itch to mTOR inhibitors (n=6) é
sAlberu2011® | Unclear High High Low Low Sirolimus vs. CNI can@r incidence RR 0.27 (0.14, 0.54)
;;?ampbell Sirolimus vs. CNI §
320094 Low Low High Low Low Low Canger incidence RR 0.70 (0.51, 0.95)
39 Q

* . o ©
%‘i@arroll 2013% Unclear Unclear High Low Low Low ?l;i)/h/gis Vs é
Z'Euvrard 2012  Unclear Unclear High Unclea Loyyhm,inpmn hm}.p(\{\\/m/mp/gﬁir(grljlg?ly s vs. CNI Cancer incidence RR 0.63 (0.50, 0.81)
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3
yHoogendijk- High Low Slrolimus vs Can&r incidence RR 0.13 (0.02, 0.99)
2van den Akker CNI/MMF/AZA 3
320134 ®
4 S
25a|g0 2010% High Low Slrolimus vs Can&er incidence RR 0.13 (0.02, 0.95)
7 CNI/MMF/AZA  SkinTysplasia
8 Angimprovement RR 24.35 (1.55, 381.99)
<
9 Unghanged RR 0.85 (0.28, 2.61)
10

Anyworsening RR 0.04 (0.00, 0.66)

learmaceticaI interventions — Photodynamic therapy (n=4); oral retinoids (n=3); 5% imiquimod cream (n=1)

0d

=
1Bavinck 19954 Low Low Acitretin vs. Cantzier incidence RR 0.22 (0.06, 0.90)
14 placebo s
%rown 200538 Low Low 5% Imiquimod  Canégr incidence
17 cream vs. chtreated RR 0.09 (0.01, 1.70)
18 placebo SC§ untreated RR 0.43 (0.08, 2.37)
19 Red@ced skin atypia RR 3.00 (0.47, 19.35)
;‘1) Red@ced dysplasia RR 2.14 (0.31, 14.65)
22 Redgced keratosis RR 2.14 (0.31, 14.65)
23 Redéced no. viral warts RR 07.00 (0.46, 106.10)
2then 20162 Low Low Nicotinamide vs. ]
32 placebo 9
2de Sevaux Low Low High dose T—_j’?.
280032 acitretin vs. low -
32 dose acitretin IS
;T)ragieva Low Low Methyl Acti@c keratosis reduction
3200436 aminolevulinate  Cqmplete response RR 27.00 (1.73, 420.67)
33 cream vs. Paaial reduction RR 7.00 (0.39, 125.99)
34 placebo Nogeduction RR 0.09 (0.02, 0.40)
;éaeorge 20024 Low Low Acitretin vs. drug Canrqier incidence
37 free period >1%CC RR 0.40 (0.19, 0.85)
38 >18BCCRR 0.50 (0.14, 1.76)
ﬁogsverd-Bo Low Low Methyl S

‘1ybuAdo

4201527*% aminolevulinate

42 cream vs. no

43 For peer review only - http://bmjopen.bmj.com/site/abE @AM ines xhtm|
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Togsverd-Bo J

201737

Methyl
aminolevulinate
cream vs.5%
Imiquimod
cream

sWulf 2006%4* Low High High Low Low Low Methyl Can
6 aminolevulinate

7 cream vs. no

g treatment

10 "Excluded from analyses — no meaningful data to extract
11 "Randomized controlled areas of skin on individuals
g *Excluded from analyses — same participants as Robinson 2016

Actiﬁic keratosis reduction
Co@plete response RR 1.42 (0.81, 2.48)

AW N =

r incidence RR 0.59 (0.34, 1.03)

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
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P‘?‘g%fé g&?é\ssessment of quality of studies using the Grading of Recommendat?ch?R%gessment, Development and E

Number of
studies

Quality of assessment (Decrease in quality score)

Risk of bias/Quality of
evidence

Sun protection behavior

Inconsistency

Indirectness

a9

>

Imprecision

véluation (GRADE) system.
[¢]

Publication bias

Quality

\l

=

QD

<
Serious impreci$ion

; Serious study limitations Important inconsistency Indirectness Uncertain Very low
i (-1) o - (-1) ('_1) _ _ (-1) g Unable to determine.
b iagdomlsatlon unclear Analysed in subgroups. Dlvgrse Interventions Small sample sige, Cls | Small number of
135 RCTs2430-33 o ) heterogeneity (12°=99%)30-32 (wrlt.ten vS. el_ectronlc), crosses the nulE studies, large
1 Participants not blinded or varying duration (2 weeks 8 :
) 3 heterogeneity
15 well described?430-33 to 10 months) e
1 Concealment of allocation Same sample of S
17 not described.3033 participants2432 E:
1I§ =
; 3
JoSun protection knowledge 3
T " T @
b Serious limitations Important inconsistency Indirectness Serious impreciSion | Uncertain Very low
B (-1) . (-1) (-1) (-1) % Unable to determine.
N .
246 RCTs242850- zzydomlsatlon unclear Heterogeneity (12 85%) Diverse interventions Small sample sige Small number of
;233 Partici blinded (written vs. electronic), S studies, large
2+ artmnpanFs hot blinded or varying duration (1 day to Z heterogeneity
well described?+2830-33 =
28 c | £ all . 10 months) =
p
o oncealment of allocation Same sample?32 3
30 not described?833 Q
1 =
<
32Sun protection attitude Q
3
h Serious limitations Important inconsistency Indirectness Serious imprecision Uncertain Very low
3 (-1) (-1) (-1) (-1) 3 Unable to determine.
364 RCTs2431:3 Randomisation unclear?*32 | Wide variation in the effect | Diverse interventions Small sample side, Small number of
;73 33 estimates, heterogeneity (12 | (written vs. electronic), small number c% studies, large
NS Participants not blinded or | 97%). Similar duration. events s heterogeneity.
40 We” described2431_33 Same samp|e2432 §
41 Concealment of allocation @
2 .
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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not described®? Bvi3-Open %_ Page520of35
®
1| Complications (skin irritation, sunburn) §
3 Serious limitations Important inconsistency Indirectness Serious imprec&%ion Uncertain Very low
4 5 reTen (-1) (-1) (-1) (-1) § Unable to determine.
5 Participants not blinded3! | Heterogeneity (12=95-99%) Diverse interventions Small sample siZe Small number of
6 32 Analysed in subgroups. (written vs. electronic), e studies, large
~ .
7 Similar effect estimates. similar duration. =z heterogeneity.
9 o . .. 2
d Biologic measures (melanin index, sun damage) N
1 " P )S)
h Serious limitations Important inconsistency Indirectness Serious imprecf;ion Uncertain Very low
125 reTso 22 (-1) o N (-1) (-1) (-1) % Unable to determine.
1B Randomisation unclear Analysed in subgroups. Different interventions Small sample sige Small number of
0 e y group ple sig
15 Participants not blinded Heterogeneity (12 60%) (written vs. electronic), 8 studies, large
32 .. . .
1 similar duration. 3 heterogeneity.
=
17 . . =3
1|8Pre-cancerous incidence E:
;Ig Serious limitations Important inconsistency Indirectness Serious imprec§ion Uncertain Very low
(-1) (-1) (-1) (-1) 3 Unable to determine.
ik Randomisation or . : . . 3 .
224 RCTs 273538 ) Analysed in subgroups. Diverse interventions, Small sample size Large heterogeneity.
B allocation unclear3>3638 varying duration 3
. Participants not blinded or %
25 well described?735-38 o
% 2
A7 .. E
Cancer incidence =
28 =
;g Serious limitations Important inconsistency Indirectness Serious impredgion Uncertain Very low
1 (-1) (-1) (-1) (-1) N Unable to determine.
e Randomisation unclear'* | najority of participants Diverse interventions Majority of < Large heterogeneity.
10 4243 . . . . e
33RCT ) came from 1 study?® (immunosuppression, participants frﬁu;n one
¥, 3553&44 Allocation concealment Small sample? 2935384044 photodynamic therapy, trial (n=551), srigall
1293940 . i
gg 2‘:} used or unclear immune response number of evests
3 o blinded.: modifier, retinoid, §
38 iaagilf:fants hot blinded. nicotinamide), varying g
39 duration 38
49 <
41 g
42 =
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
45


http://bmjopen.bmj.com/

Page 53 of 55

oNOYTULT D WN =

BMJ Open

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Aq paroaloid 1senb Aq 20z ‘LT [dy uo /wod g uadolwg//:dny woi) papeojumoq ‘020z AeIN LT UO G9Z620-6T0Z-uadolwa/9


http://bmjopen.bmj.com/

Figure S3. Subgroup analyses of immunosuppression conversion interventions on skin cancer incidence
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ABSTRACT

Objectives
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Solid organ transplant recipients are at increased risk of skin cancer, affecting more than 50% of
11 recipients. We aimed to determine the effectiveness of interventions for behavioral change for

13 sun protection or skin cancer prevention in solid organ transplant recipients.

18 Design

2 Systematic review

Data sources
28 We searched MEDLINE, Embase, the Cochrane Central Register of Controlled Trials (CENTRAL) and

CINAHL from inception to November 2019.

35 Eligibility Criteria
38 We included randomized controlled trials that evaluated the effect of behavioral or
40 pharmaceutical interventions on behavioral change or skin cancer prevention in solid organ

transplant recipients.

Data extraction and synthesis

50 Risks of bias and evidence certainty were assessed using Cochrane and the GRADE framework.

55 Results
57 Twenty trials (n=2,295 participants) were included. It is uncertain whether behavioral

60 interventions improve sun protection behavior (N=3, n= 414, SMD 0.89, 95% C| -0.84-2.62, I
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=98%) and knowledge (N=4, n=489, SMD 0.50, 95% Cl 0.12-0.87, 1= 76%) as the quality of evidence
is very low. We are uncertain of the effects of mammalian target of rapamaycin inhibitors on the
incidence of non-melanocytic skin cancer (N=5, n=1080, RR 0.46 95% CI 0.28-0.75, 12=72%) as the

quality of evidence is very low.

Conclusions
Behavioral and pharmaceutical preventive interventions may improve sun protective behavior and
knowledge, and reduce the incidence of non-melanocytic skin cancer, but the overall quality of the

evidence is very low and insufficient to guide decision-making and clinical practice.

PROSPERO Registration number

CRD42017063962
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ARTICLE SUMMARY

Strengths and limitations

A comprehensive review conducted using methods outlined by Cochrane Collaboration
including GRADE to assess risk of bias and evidence certainty

Inclusion of a broad range of interventions, including behavioral to improve sun protection
behavior and pharmaceutical (immunosuppression, photodynamic therapy, oral retinoid,
nicotinamide and topical immune response modifiers) to evaluate precancerous lesion

response and cancer incidence

Difficulty obtaining an overall summary estimate for many outcomes due to the variability

in the analytical methods and reporting in individual studies

Unable to perform detailed subgroup analyses or assess for publication bias due to small

number of studies

Few trials included the important outcomes of skin cancer and none included melanoma or

mortality.
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1. INTRODUCTION

Skin cancer, including melanoma and nonmelanoma skin cancer (NMSC), is the most frequently
diagnosed malignancy among solid organ transplant recipients, affecting more than 50% of post-
transplantation recipients. 2 The cumulative incidence of NMSC increases with time after
transplantation, from 5-10% at 2 years to 40-80% at 20 years.>* Compared to the general
population, there is a higher rate of squamous cell carcinoma (SCC) to basal cell carcinoma (BCC),
with an incidence of 65 to 250 times greater than the age and gender-matched general
population.>® Once cancer develops, management options are limited as immunotherapy may be
unsuitable as it may lead to graft rejection.® 19 Although registry data shows improvement in
survival rates of transplant recipients as a result of improved transplantation techniques and
management of immunosuppression, there is a greater burden of skin cancer and cancer related
mortality.!! The excess risk of death from invasive and metastatic skin cancer, such as SCC and
melanoma, are three times to nine times higher than the general population, with five-year overall

survival of less than 30%.6 1215

Sun exposure behaviors remain the most significant and modifiable risk factor in the prevention of
skin cancers in the general population.1® However, with the dramatic increase in skin cancers in
solid organ transplant recipients, pharmaceuticals have also been used to reduce and delay the
development of skin cancer.’®1” Current recommendations for preventive strategies have often
been extrapolated from guidelines in the general population, which may not be applicable to solid
organ transplant recipients.'®1® For example, frequent skin self-examination and annual to
biannual total body skin examination are generally recommended for the general population.8-20
Sun protective behaviors including use of sunscreen, protective clothing and limiting sun exposure

during peak hours of high UV index days are potential measures for skin cancer prevention.3414
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Further, alteration of maintenance immunosuppression such as conversion to mammalian target
of rapamaycin inhibitors (mTORi) and secondary prevention using retinoid acitretin are

recommended for management of skin cancers in high risk transplant recipients.2°

The aim of this study is determine the effectiveness of interventions that promote behavioral

change and skin cancer prevention in solid organ transplant recipients.

2. METHODS

This systematic review followed a pre-specified protocol registered in PROSPERO
(CRD42017063962) and is reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) checklist.?! The study was exempt from approval

from an ethics’ board.

2.1 Inclusion criteria

All randomized controlled trials (RCTs) or quasi RCTs (allocated to trial arms by investigators) of
interventions for skin cancer prevention (both melanoma and non-melanoma skin cancer) in solid
organ transplant recipients were included. Behavioral interventions defined as any strategy used
to promote sun protective behavior including passive (e.g. pamphlets), active (e.g. group
workshops, counselling, dermatology clinic) and provision of sun protective equipment; and
pharmaceutical interventions (switch to mTOR inhibitors, photodynamic therapy, immune
response modifiers, nicotinamide and oral retinoids) and studies that reported skin cancer related
outcomes as their primary outcomes were included. Studies that did not report these outcomes as
primary end-points were excluded. Studies of interventions for the treatment of skin cancer were

excluded.
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2.2 Search strategies

We searched MEDLINE, Embase, the Cochrane Central Register of Controlled Trials (CENTRAL) and
CINAHL from inception to November 2019 without language restriction, using search strategies
designed by a specialist information manager (see Medline search strategy in Figure S1).

Reference lists of included studies were also searched.

2.3 Data extraction

Titles and abstracts were reviewed by two independent authors (LJJ & LL) and those that did not
meet the inclusion criteria were excluded. Full text articles were reviewed by 3 independent
reviewers (LJJ, VS, LL) and any disagreements were resolved by discussion. Data on study design,
geographic location, sample size, type of transplant, measurement of interventions, interventions
and comparators were extracted. We sought unclear or missing information from authors where

possible.

2.4 Outcome measures

The pre-specified outcome measures were incidence of precancerous and cancerous lesions, sun
protection behavior (including use of sunscreen, use of protective clothing including hats and
sunglasses, shade and sun avoidance), knowledge and attitude, skin self-examination, sun
exposure (including skin irritation, sunburn) and biologic measures (including measurement of

melanin index and sun damage assessment).

2.5 Risk of bias and quality of evidence

The risk of bias was assessed independently by LJJ and VS using the Cochrane risk of bias tool.??
The domains included in the assessment were: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete

outcome data, selective reporting, trial registration and industry involvement. Each criterion was
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assigned a judgment of high, low or unclear risk of bias. Intention to treat and lost to follow up
were also assessed for each study. The quality of the evidence informing summary estimates for
each outcome was then assessed by LJJ using the Grading of Recommendations Assessment

Development and Evaluation (GRADE) guidelines.?

2.6 Data synthesis and statistical analyses

Continuous outcomes were summarized as mean difference (MD) or standardized mean
difference (SMD) and dichotomous outcomes as relative risk (RR). A MD/SMD greater than zero
and/or a RR greater than 1 could be interpreted as favoring the intervention group relative to the
control, unless specified elsewhere. Risk estimates were reported with 95% confidence intervals
(C1), using random-effects meta-analysis. We quantified the heterogeneity using the |12 statistic. An
12 value of <25% was considered to represent low heterogeneity and >75% as high heterogeneity.
When sufficient data were available, possible sources of heterogeneity were investigated using
subgroup analysis based on pre-specified study characteristics including sample size, trial duration,
setting and overall risk of bias. Funnel plots were planned to evaluate small study effects when at
least ten studies were included in meta-analysis. All analyses were conducted using Review

Manager version 5.3 software.

2.7 Patient and public involvement

There was no patient or public involvement.

3. RESULTS
3.1 Study selection

The literature search identified 1280 articles, of which, 1201 were excluded after abstract and title

review. Full text assessment of 79 studies found 22 eligible articles for inclusion (Figure 1).
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3.2 Studies characteristics

We included 22 reports of 20 RCTs, including 2,295 participants (Figure 1). The study
characteristics are summarized in Table 1 and Table 2. The median number of participants was 44
(range 17 to 830) and the median follow-up duration was 10 months (range 1 day to 60 months).
All studies included kidney transplant recipients, with some also including heart transplant
recipients (n=1), liver, heart, pancreas, lung, heart/lung and other transplants (n=1), and lung and
liver transplant recipients (n=2). In total, 15 of 21 (76%) studies provided sufficient data for the

meta-analyses. Six studies did not meet final criteria for meta-analysis as they had the same

Page 12 of 55

sample of participants (n=1),2* or did not provide data that was able to be meta-analyzed (n=5).%>

29

3.3 Risk of bias and quality of the evidence

Overall studies had either high or unclear risk of bias for at least one domain (Figure 2; Figure S2).
Random sequence generation and allocation concealment were unclear in most studies (n=12,
60%). Blinding of participants was not done in most studies (n=16, 80%) and blinding of outcome
assessors was only reporting in half of the studies (n=10). Intention to treat analyses were used in
6 (30%) studies and 6 studies (30%) had a high loss to follow-up. A total of 3 (15%) studies had
incomplete outcome data, and all studies were at low risk for selective reporting. Seven studies
(35%) reported industry involvement in authorship, design, or data analysis, and of the 16 trials

requiring trial registration, only 9 (56%) reported accordingly.

The overall quality of the evidence was very low for all outcomes (Table S1) due to limitations in
study design, heterogeneity in the intervention and outcomes measures, the very small sample

size of individual studies and the small number of studies for each specific outcome. Obtaining an
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overall summary estimate was difficult for many outcomes due to the variability in the analytical
methods and reporting in individual studies. In particular, assessment of reporting of sun
protection behavior and sun protection knowledge was not possible as outcomes were
inconsistent and there was large diversity of interventions used (e.g. written education material
versus a mobile app program). Furthermore, formal testing of publication bias was not performed

due to insufficient data.

3.4 Interventions

The interventions in the included studies were grouped in three broad categories, behavioral
(n=6), switch to mTOR inhibitors (n=6), and other pharmaceutical interventions (photodynamic
therapy, immune response modifiers, oral retinoids and nicotinamide) (n=9). Studies of behavioral
interventions used passive methods of delivery including written educational material (n=2), both
written educational material and text messages (n=1), mobile app programs (n=2) and a video

(n=1).

All six studies of immunosuppression compared mTORis (sirolimus) to calcineurin inhibitors (CNI)

based therapies.

Four of the eight studies of other pharmaceutical interventions assessed the effect of
photodynamic therapy using methyl aminolevinate creams compared to placebo (n=1), no
treatment to contralateral area (n=2) or a topical immune response modifier cream (n=1). Three
studies assessed oral retinoid using acitretin compared to placebo (n=1), lower dose (n=1) or a
drug free period (n=1), one study assessed nicotinamide compared to placebo and a single study
assessed the benefits of topical immune response modifier compared to placebo in kidney

transplant recipients.
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3.5 Effect of behavioural interventions on sun protection outcomes

Sun protection behavior

Sun protection behavior, defined as hours spent outdoors per week, use of sunscreen, wearing
protective clothing and seeking shade, was assessed in three trials3%-32, Educational workbooks,3°
educational workbooks and text messages3! and a mobile app program3? were compared with
standard care. Patients who received behavioral interventions reported improved sun protection
behavior scores3°-3? (3 studies, 414 participants, SMD 0.89, 95% Cl -0.84-2.62, 1>98%) (Table 3;
Figure 3). We are uncertain of the effects of behavioural interventions on sun protection behavior
due to very low quality of evidence. A single trial assessed a standardised and validated
educational workbook and found an improvement in the proportion of participants engaging in
skin self-examination after one month (75 participants, RR 4.14, 95% Cl 2.22-7.72).33 One trial
assessed a mobile app program and reported a reduction in daily hours spent outdoors among the

intervention group (170 participants, MD -6.12, 95% Cl -711 to -5.13).32

Sun protection knowledge

The effectiveness of educational workbooks, text messages, mobile app programs and videos on
sun protection knowledge was assessed in 6 studies?*2830-33 four of which provided data for a
meta-analysis. There was an improvement in knowledge scores (4 studies, 489 participants, SMD
0.50, 95% Cl 0.12-0.87, 1276%) in the intervention group compared to standard care (Figure 4).30-33
One study compared an interactive visual representation of the educational program with
standard information pamphlets and found that knowledge of sun protection improved among

those who received the educational video.28
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Sun protection attitude

Three studies assessed sun protective attitude after receiving an educational workbook, text
messages or a mobile app program over a period of 0.5 months to 1.5 months.31-33 Compared to
standard care, there was an overall improvement in scores of concern about developing cancer (3
studies, 348 participants, SMD 1.85, 95% Cl 1.59-2.11, 12 96%).31-33 Two studies involving 273
participants reported an improvement in scores of understanding the personal risk of skin cancer
(SMD 0.61, 95% Cl -0.60-1.82, 12 96%), adherence to sun protection (SMD 0.77 95% Cl -0.14-1.68, I
92%) and willingness or intention to change behavior (SMD 1.70, 95% Cl -1.68-5.07, 1299%).3132
We are uncertain of the effects of behavioural interventions on sun protection attitude due to
very low quality of evidence. A single study involving 75 participants also reported an
improvement in scores of ability to recognize a potential skin cancer (MD 1.80, 95% Cl 1.35-2.25),
importance of skin self-examination (MD 1.05, 95% Cl 0.61-1.49) and having a partner help for skin
self-examination (MD 1.59, 95% Cl 1.10-2.08).32 Another single study reported an improvement in
the importance of engaging in sun protection (measured using 5-point Likert scale) (101

participants, MD 7.00, 95% Cl 2.94-11.06).31

Skin complications and biologic measures

Two trials of behavioral interventions in 271 kidney transplant recipients compared a mobile app
or an educational workbook and text messages to standard care on reported skin complications
and biologic measures of sun exposure.3!32 The intervention group experienced a reduced
incidence of skin irritation (a culturally relevant term for sun exposure3*) (RR 1.00, 95% CI 0.89-
1.13, 12 95%) or sunburn (RR 3.19, 95% Cl 2.47-4.10, 12 99%). They also had a decreased melanin
index (right forearm, SMD -0.42, 95% Cl -0.66 to -0.18; cheek SMD -0.25, 95% CI -0.64 to -0.15) and
reduced severity of sun damage (SMD -0.13, 95% Cl -0.40 to 0.13) on sun exposed areas
(measured using clinical images of chronic sun damage and scored 1-10).
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3.6 Effect of pharmaceutical interventions on skin cancer prevention

The incidence and responses of pre-cancerous lesions were measured only in trials of
pharmaceutical interventions (Table 4). These included the switch to mTOR inhibitors (n=1),3°
photodynamic therapy (n=2)3%37 and immune response modifiers (n=1)38 to current treatment or
placebo. The incidence of non-melanocytic skin cancers (NMSC) was assessed in nine

pharmaceutical studies.? 33844 None included melanoma as an outcome.

Topical/local interventions

One trial of 14 participants compared an immune response modifier, 5% imiquimod cream with
placebo and found a reduction in the incidence of skin dysplasia (RR 2.14, 95% Cl 0.31-14.65), skin

atypia (RR 3.00, 95% Cl 0.47-19.35), and viral warts (RR 7.00, 95% Cl 0.46-106.10).38

One Danish study of 26 kidney transplant recipients compared photodynamic therapy with no
treatment and reported a relative reduction by approximately 40% in the incidence of NMSC on
the treated area (RR 0.59, 95% Cl 0.34-21.03, p 0.06).%* A lower incidence of SCC was also reported
in one trial comparing two areas of skin using an immune response modifier and placebo (14
participants, RR 0.09, 95% Cl 0.0.01-1.70).38 Two trials comparing photodynamic therapy to an
immune response modifier or photodynamic therapy to placebo in recipients with diagnosed
keratoses reported a complete response rate of 60% compared to 24% in the control group (50
participants, RR 5.03, 95% Cl 0.14-176.17, 1>85%).3637 We are uncertain of the effects of
photodynamic therapy on incidence of precancerous lesions due to very low quality of evidence.

Further, one trial which was not included in the meta-analysis, reported a higher cumulative
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incidence of actinic keratosis lesions in untreated skin (63%) compared with skin treated by

photodynamic therapy (28%).%’

Systemic interventions

mMTORis therapy reduced the incidence of NMSC compared to CNIs maintenance therapy (5 trials,
1082 participants, RR 0.46, 95% Cl 0.28-0.75, 12 72%) (Figure 5).13>394143 However evidence was
limited due to short follow-up periods, variability in dosing of mTORis and significant rates of loss
to follow up, and therefore we are uncertain of the effects of mTORis on skin cancer incidence due
to very low quality of evidence. A single trial involving 21 patients reported a reduction in the
overall incidence of SCC by 49% in the conversion arm, but reported a drop out rate of 77% and
follow-up time of less than 2 years.?® Further, a single trial which compared mTORi conversion
from CNI based therapy reported a significant improvement in skin dysplasia (32 participants, RR

24.35, 95% Cl 1.55-381.99).3°

Two trials comparing an oral retinoid, acitretin, with placebo or a drug free period reported an
increased lower risk of both SCCs and BCCs (46 participants, RR 0.40, 95% Cl 0.19-0.85, p 0.02; RR
0.50, 95% ClI 0.14-1.76)*? or development of a new skin cancer (19 participants, RR 0.22, 95% ClI
0.06-0.90). However, there were no differences in the incidence of new SCCs.*° One trial, which
was not included in the meta-analysis, showed approximately a 50% reduction in the incidence of

actinic keratosis which compared a high dose to a low dose of acitretin.2®

One Australian trial of 22 kidney transplant recipients compared nicotinamide with placebo and
reported an estimated relative rate difference of 0.35 (95% Cl -0.62 to 0.74), 0.67 (95% Cl -0.40 to

0.90) and 0.07 (95% Cl -1.51 to 0.65) for NMSC, BCCs and SCCs respectively.?®
16
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3.7 Subgroup analysis

Study size, trial duration, setting and risk of bias did not modify the effects of CNIs and mTORIs on
skin cancer incidences (Figure S3). Sources of heterogeneity for other treatment effects could not

be explored due to insufficient data.

4  DISCUSSION

Skin cancers (both non-melanoma and melanoma) are major causes of morbidity and mortality in
solid organ transplant recipients. Despite this, trials of interventions aimed at preventing skin
cancer in solid organ transplant recipients are few in number (20 trials), small with half comprising
of 50 patients or less, of short duration (48% have <12 months follow up) and 52% do not include
incidence of skin cancer as an outcome. Our review included 22 reports of 20 trials involving 2,295
transplant recipients, who were predominately kidney transplant recipients. The studies covered a
broad range of interventions, including behavioral to improve sun protection behavior and
pharmaceutical (immunosuppression, photodynamic therapy, oral retinoid, nicotinamide and
topical immune response modifiers) to evaluate precancerous lesion response and cancer
incidence. None of the behavioral intervention studies included precancerous lesions or skin
cancer incidence as outcomes. Although interventions showed plausible improvements to sun
protection behaviors, precancerous lesion responses and cancer incidence, there was considerable
variability across interventions types, variability in outcomes assessed and outcome estimates.
Overall, the current evidence for interventions for skin cancer prevention in solid organ transplant

recipients is of very low quality and is insufficient to guide decision-making and clinical practice.

Although behavioral interventions appeared to improve sun protection attitude, knowledge and

behavior, there were inconsistencies detected and none of these studies included skin cancer as
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an outcome. Due to limited number of studies, we were unable to compare specific behavioral
interventions (e.g. mobile app vs. written education) to ascertain the most effective method of
delivering sun protection education. While there may be some modest benefits in the reduction in
cancer incidence (for NMSC) among solid organ transplant recipients who were converted to
mMTORIs compared to those on CNI maintenance, there was substantial heterogeneity across the
studies that was unable to be explained by subgroup analyses. Heterogeneity may be attributed to
the absence of long term follow up, large discontinuation rates owing to adverse events and
variability in the doses of mTORIs. Pharmaceutical interventions (switch to mTOR inhibitors,
photodynamic therapy, immune response modifiers) showed a reduction in precancerous lesions
compared to standard care or a comparator group. However uncertainty exists in the treatment
effects and there were too few studies, interventions were incomparable, follow-up times were
variable and considerable loss to follow up for some studies to conclude that the benefits are

sustainable.

Previous systematic reviews have evaluated the impact of behavioral interventions on skin cancer
prevention in the general population,* and concluded that computer programs may increase sun
protective behaviors, and ‘appearance-focused’ interventions may decrease sun tanning and UV
exposure in adolescents and young women, respectively. Reviews conducted in other populations
at high-risk including outdoor workers,*® family history, personal history and phenotypic factors*’
have found similar improvement in sun protective behaviors, including use of sunscreen, as well as
a decreased incidence of keratoses. A systematic review of the benefits and harms of oral
retinoids for the prevention of skin cancer among high risk transplant recipients led to inconclusive

results on the effect of acitretin due to the small number of included trials.*8
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Despite the inclusion of all interventions aimed at the prevention of skin cancer in solid organ
transplant recipients and the comprehensive systematic search for eligible studies, there are some
potential limitations. Due to the heterogeneity of the studies, the high risk of bias, the potential
for reporting bias and imprecision in the point estimates of individual studies, there is a high
degree of uncertainty in the estimate of the effect of skin cancer prevention interventions. All
studies of behavioral interventions were undertaken in United States, with 4 by the same authors,
whilst most pharmacological intervention studies were conducted in Europe. There were also
large discontinuation rates owing to adverse events in trials of mTORIs. Further, given the small
number of studies included in the meta-analysis, we were unable to perform any detailed
subgroup analyses to explore heterogeneity or assess for publication bias. While we were unable
to show and assess publication bias using standard statistical tests, we would suggest the
observed heterogeneity may also be attributed to potential publication and reporting biases. It is
difficult to quantify the extent of such bias in this review, but one would expect research with
‘positive’ findings that indicate an intervention works, such as behavioral interventions improve
sun protection, are more likely to be published more than one, in high impact journals and more
likely to be cited. Finally, few trials included patient important outcomes associated with skin

cancer and none included melanoma or mortality.

The use of pharmaceutical and immunosuppression therapy remains complex. Not only has mTORI
therapy shown benefits in lowering the risk of skin cancer, early conversion to mTORI therapy
from CNiIs has also shown promising effects in reducing cancer rates.*°>%0n the contrary, overall
mortality is higher and discontinuation following adverse events is more common in patients who
receive mTORI therapy.*®>0 Several RCTs showed a higher rate of patients reporting adverse
events or drug discontinuation with sirolimus,! 4143 demonstrating concern of its clinical

usefulness.*® Nicotinamide may also offer benefits to reducing skin cancer incidence by 20% and is
19
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relatively safe with minimal side effects. The protective effect of nicotinamide on skin cancer
incidence in kidney transplant recipients is currently being explored in a phase 3 randomised

controlled trial.

Although behavioral change is a simple strategy, long-term adherence remains challenging.

While behavioral counseling has been shown to increase sun protective behaviors in non-
transplant populations,* there is no direct evidence to show that the behavioral change led to a
reduction in morbidity and mortality. Previous studies have suggested that transplant recipients
do not practice sun protective behaviors regularly,”'3 were less likely to use sunscreen®* and that
patients have to perceive skin cancer as being an important risk to be motivated to change
behavior.>>>6 However, studies on risk perception of transplant recipients remain conflicting.
Given this complexity and the observed inconsistencies in the existing trials, process evaluations
including facilitators and barriers to behavioral change should be included in future trials. Such
evaluations could include the use of qualitative methodology to support the trial design, ascertain

the perspectives of participants on the intervention and evaluate the implementation.>” 58

We suggest that further strategies for skin cancer prevention in transplant recipients require a
multifaceted and individualized approach. Transplant recipients are likely to benefit from early
implementation of education, particularly before transplantation occurs and recipients may be
preoccupied with other health needs related to transplantation. Although recipients understand
the importance of ongoing education for the ability to self-manage their disease, they may
experience difficulty in concentrating and learning new knowledge, and are often unable to look
beyond their graft and the anxiety/fear of graft loss.>®! Interventions should be integrated into

routine appointments and tailored to meet the individual needs of patients. This would be best
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achieved through a shared decision-making approach to identify the patient’s preferences and

priorities and thereby enhance the likelihood of success of self-management and prevention.5?

Additional large-scale and high-quality RCTs are needed to demonstrate the effectiveness of
interventions used to prevent skin cancer in transplant recipients in terms of patient important
outcomes, in particular morbidity and mortality associated with skin cancer. Determining patient’s
preferences for prevention and management of skin cancer are also warranted to ensure
interventions and outcomes for trials are relevant to patient needs and priorities and better
support patient-centered treatment decisions.®® Evidence of the efficacy of sun protective
behavior interventions need to be strengthened, with use of measures that are homogenous,

reliable and validated.

Preventative measures including behavioral, switch to mTOR inhibitors and other pharmaceuticals
may improve skin cancer outcomes for solid organ transplant recipients. However, the overall
quality of evidence is of very low and insufficient to guide decision-making and clinical practice.
Future robust studies that are well powered, have long-term follow up, and use clinical and
patient important outcome measures in a consistent manner are required to therefore optimize

outcomes for solid organ transplant recipients.
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Page 3+§£fg 1. Characteristics of included studies (n=28$\/U Open

Characteristics N (%)

1 Type of transplant
2 Kidney 16 (80)
" Multiple* 4 (20)
5 Sex
6 >50% Male 18 (90)
7 < 50% Male 1(5)
g Not specified 1(5)
10 Age(mean)
11 <60 10 (50)
12 > 60 5 (25)
12 Not specified 5(25)
15 Sample size
16 10-50 11 (55)
17 50-100 3 (15)
12 100 — 200 4 (20)
I >200 2 (10)
1 Setting
22 Single center 8 (40)
23 Multi center 11 (55)
;2’ Not specified 1(5)
26  Country of origin
27 Australia 3(15)
28 Denmark 4 (20)
gg France 1(5)
31 Germany 1(5)
32 Netherlands 2 (10)
33 New Zealand 2 (10)
34 Switzerland 1(5)
22 Sweden 1(5)
37 United Kingdom 3(15)
38 United States 6 (30)
39 Othert 1(5)
2(1) Intervention Type
) Behavioral 5 (25)
43 Switch to mTOR inhibitors 6 (30)
44 Photodynamic therapy 4 (20)
45 Oral retinoid 3 (15)
j? Nictotinamide 1(5)
48 Topical immune response modifier 1(5)
49  Duration of follow up
50 <12 months 9 (45)
g; 12 months 4 (20)
53 24 months 5(25)
54 >24 months 1(5)
55 Not specified 1(5)
g? Year of publication
s 1995 — 1999 1 (5)
59 2000 — 2004 3 (15)
60 2005 — 2009 4 (20)

2010 - 2014 8 (40)

2015 -2017 4 (20)

* Kidney, liver and lung (n=2); kidpeyand, east (Reh AR nRnd my tinis othes SWRes 0rid messderhi

T 111 centres in Asia, Australia, Europe, the Middle East, North America (Canada, Mexico, United States), South Africa, and
South America (Argentina, Brazil, Chile
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Table 2. Characteristics of individual studies
Primary
outcomes

Intervention

N  Type of transplant

Setting Type of intervention Measures Comparator

3Behavioral interventions (n=6)

1
o
N
©
N
(o2}
a1

4Clowers- 202 Kidney, liver, heart,  Single centre, Behavioral Self-reported Repetitive Standard Knowledge & 10
ZWebb pancreas, lung, United States guestionnaire written mat@rial care behavior

52006%° heart/lung, other? g

8Robinson 75  Kidney United States Behavioral Self-reported Workbook § Standard Knowledge & 1
920113 guestionnaire N care behavior

"Robinson 101 Kidney Single centre, Behavioral Self-reported Workbook © Standard Knowledge & 1.5
1é01431 United States guestionnaire Text messaés care behavior

13 Physical examination S

;Eobinson 170 Kidney Multi-centre, Behavioral Self-reported Mobile app§ Standard Knowledge & 0.5
180152+ United States guestionnaire program §: care behavior

TRobinson 170 Kidney Multi-centre, Behavioral Self-reported Mobile appé Standard Knowledge & 1.5
1201632 United States guestionnaire program % care behavior

20 Physical examination E

grinh 100 Kidney, liver, lung Single centre, Behavioral Self-reported Video g Pamphlet Knowledge 1 day
2301428* United States questionnaire 3

28witch to mTOR inhibitors (n=7) §

;ﬂlberu 830 Kidney Multi centre§ Switch to mTOR Investigator Conversion §o CNI Cancer 24
2?01139 inhibitors reported adverse sirolimus 5 incidence

28 events =

2@ampbell 86 Kidney Multi centre, Switch to mTOR Physical examination Conversionfp CNI Cancer 12
390124 Australia, inhibitors +/- biopsy sirolimus 3 incidence

g; New Zealand, g

33 United States <

3€arroll 32 Kidney Multi centre, Switch to mTOR Physical examination Conversion @ CNI/AZA Cancer 24
350132" UK inhibitors +/- biopsy prednisolong & incidence

ff sirolimus §

;Iguvrard 120 Kidney Multi centre,  Switch to mTOR Physical examination Conversiongb CNI Cancer 24
33012164 France inhibitors +/- biopsy sirolimus o incidence
4Ploogendijk- 155 Kidney Multi centre, Switch to mTOR Physical examination Conversionlgp AZA/MMF/ Cancer 24
2\1/an den Netherlands, inhibitors +/- biopsy sirolimus % CNI incidence

Az&kker UK
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45

46


http://bmjopen.bmj.com/

(o2}
Page 33 of 55 BMJ Open =]
o
20134 E
1Salgo 44  Kidney Single centre, Switch to mTOR Physical examination Conversion §3 AZA/MMEF/ Precancerous 12
220103 Germany inhibitors +/- biopsy sirolimus an CNI skin dysplasia
3 . [N ..
2 Clinical photographs predn|sone§ incidence
5Pharmaceutical interventions — Photodynamic therapy (n=4); oral retinoids (n=3); nicotinamide (n=1); 5% imiquimod cregm (n=1)
?Bavinck 44  Kidney Multi centre,  Oral retinoid Physical examination Acitretin = Placebo Cancer 6
g1995% Netherlands +/- biopsy = incidence
9 E precancerous
10 S lesion
N o reduction
1'§rown 21  Kidney Multi centre, Topical immune Physical examination 5% Imiquimoi)d Placebo Reduction of 4
1400538 UK response modifier +/- biopsy cream % precancerous
15 cream Clinical . o lesions
16 inical mapping and 3
17 photographs 3
1€hen 22 Kidney Single centre, Nicotinamide Physical examination Nicotinamidg Placebo Cancer 6
1901629% Australia g incidence
20 e
2.9 i)
;ge Sevaux 26 Kidney Single centre, Oral retinoid Physical examination High dose = Low dose Cancer and 12
220032" Netherlands +/- biopsy acitretin 3 acitretin precancerous
24 § incidence
;E)ragieva 17  Kidney, heart Single centre, Photodynamic Physical examination Methyl § Placebo Precancerous 4
2200436 Switzerland therapy +/- biopsy aminolevuligate lesion
28 Clinical photographs ~ €"€@M R response
;ﬁeorge 23 Kidney Multi centre,  Oral retinoid Physical examination Acitretin Drug free Cancer 24
N
o . N . -
izooz Australia Annual radiological S period incidence
33 evaluation ‘8
34ogsverd- 25 Kidney Single centre, Photodynamic Physical examination Methyl & No treatment Actinic 36
3B0 2015271 Denmark therapy - aminolevuliate contralateral  keratosis
36 Clinical photographs cream g area incidence
;gogsverd- 35 Kidney, lung, liver Multi-centre, Photodynamic Physical examination Methyl § 5% Actinic keratosis 6
380 2017%7 Denmark and therapy Questionnaire/Diary ammolevulféate imiquimoid lesion response
40 Sweden cream Z cream
41 Q
42 =~ 32
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Wulf 27  Kidney Multi centre, Photodynamic Clinical mapping and Methyl No treatment Cancer 12
1200644’r Denmark and therapy photographs aminolevuliate contralateral incidence
5 Netherlands cream area

2

Fxcluded from analyses — no meaningful data to extract

‘Randomized controlled areas of skin on individuals

Excluded from analyses — same participants as Robinson 2016

Bl11 centres in Asia, Australia, Europe, the Middle East, North America (Canada, Mexico, United States), South Africa, and South America (Argen
Abbreviations: CNI, Calcineurin inhibitor; AZA. Azathioprine; MMF, Mycophenolate mofetil

8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4 . 33
43
44
45
46

a, Brazil, Chile
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Table 3. Effect of behavioral interventions on sun protection outcomes

Outcome

BEHAVIORALINTERVENTION (n=5)

Studies

Participants

Weighted

MD?/SMD® [95% Cl]

p-uadolwq/g

Relative risk

Intervention

Comparator

SUN PROTECTION BEHAVIOR

él
General sun protection behavior 3 414 0.89 [-0.84, 2.62] 0.31% 98% Workbook, text Standard care
= messages, mobile app
& program
Skin self-examination §
1 month after visit 1 75 4.14[2.22,7.72] <o.001; %0 Workbook Standard care
s 0.
If checked, concerned 1 42 6.43[0.42, 98.58] 0.183
3
If concerned, saw 1 12 Not estimable¢ §
dermatologist 5
Decrease daily hours outdoors 1 170 -6.12 [-7.11, -5.13]¢ <0.00§ Mobile app program Standard care
S HE R
SUN PROTECTION KNOWLEDGE 4 489 0.50[0.12, 0.87] 0.015 76% Workbook, text Standard care
% messages, mobile app
° program
SUN PROTECTION ATTITUDE g
Concern about developing skin 3 348 1.88 [0.96, 2.80] <0.00§- 92% Workbook, text Standard care
cancer % messages, mobile app
=2 program
Recognise personal risk 2 273 0.61[-0.60, 1.82] 0.32)3> 96% WOFkbOOkaf;)‘?ItEXt Standard care
Confidence in ability to perform 2 273 0.77 [-0.14, 1.68] 0.102 92% e
sun protection =
Willingness/intention to change 2 273 1.70 [-1.68, 5.07] 0.32§ 99%
behavior =
Knowledge of significance of skin 1 101 7.00 [2.94, 11.06] 0.0015 Workbook and text Standard care
& messages
cancer, relevance of sun &
protection, risk of having a tan Y
Confidence in ability to recognise a 1 75 1.80[1.35, 2.25] <0.00§‘ Workbook Standard care
skin cancer 5
Importance of skin self- 1 75 1.05[0.61, 1.49] <0.008
N 3
examination 3
Importance of partner help for skin 1 75 1.59 [1.10, 2.08] <0.00&
=

self-examination
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COMPLICATIONS 3
Skin irritation é
None 2 271 1.00 [0.89, 1.13] 0956 95% Workbook afL‘f'lteXt Standard care
>1 2 271 0.77[0.43,1.36] 03658 89%  oregram
N
Sunburn (past week) &
None 2 271 3.19 [2.47,4.10] <0.00'1Ci 99%
>1 2 271 2.68[1.81,3.96] <0.00Z 95%
BIOLOGIC MEASURES <
Melanin index - RU arm (sun 2 271 0.12 [-0.12, 0.35] 0.34§ 0% Workbook and text Standard care
tected : messages, mobile app
protec g program
Melanin index - R forearm (sun 2 271 -0.42 [-0.66, -0.18]¢ 0.005 0%
exposed) §
Cheek (sun exposed) 2 271 -0.25 [-0.64, 0.15]¢ 0.22% 61%
Sun damage assessment - R 2 271 -0.13 [-0.40, 0.13]¢ 0.33§5 16%
forearm g
2Mean difference §
bStandardised mean difference 3
‘Unable to estimate due to absence of comparator group -r%
dReduction of outcome of interest represents an improvement g
3
E.
3
S
>
E
5
S
IN
2
Q
c
4}
T
=1
3
2
g
8
2
é.
=3 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 37 of 55 BMJ Open
Table 4. Effect of pharmaceutical interventions on skin cancer prevention

: Outcome Studie Participants Relative risk Intervention Comparator
2 S
3 SWITH TO mTOR INHIBITORS (n=5) §
g PRE-CANCEROUS LESIONS &
¢  Skindysplasia S
7 Any improvement 1 32 24.35[1.55,381.99] 0.02 0 Siro“musg CNIP
8 2. )
9 Unchanged 1 32 0.85 [0.28, 2.61] 0.78 N
10 S
11 Any worsening 1 32 0.04 [0.00, 0.66] 0.02 o
12 S
13 CANCEROUS LESIONS 2
I
12' SCCY/BCCe incidence 5 1082 0.46 [0.28, 0.75] 0.002 72% 5'r°"mu'5§ CNI
16 >1 SCC 1 53 0.64 (0.35, 1.17) 0.15 N/A 3
17 Skin cancer (excluding SCC) 1 53 0.74 (0.49, 1.14) 0.17 N/A i
18 Skin cancer (including SCC) 1 53 0.85(0.61, 1.17) 0.32 N/A g
19 Skin cancer with BCC g
20 1 53 0.89 (0.45, 1.78) 0.75 N/A 5
;; PHOTODYNAMIC THERAPY (n=3) S
>3 PRE-CANCEROUS LESIONS §
24 Actinic keratosis reduction (1-2 sessions) %
;Z Complete response 2 50° 5.03[0.14,176.17] 037 85% MAL® o Placesjlmiquimod
> % cream
27 Partial response 1 172 7.00[0.39, 125.99] 0.19 MAL g Placebo
28 N/A 7
29 No reduction 1 172 0.09 [0.02, 0.40] 0.002 N
30 N/A N
31 CANCEROUS LESIONS 1 26° 0.59 [0.34, 1.03] 0.06 MAL g No treatment
32 N/A Q
2> IMMUNE RESPONSE MODIFIERS (n=1) 3
35 PRE-CANCEROUS LESIONS g
36 Reduced skin atypia 1 142 3.00[0.47, 19.35] 0.25 Imiquimod 5% geam Placebo
37 N/A g
38 Reduced dysplasia 1 142 2.14[0.31, 14.65] 0.44 g
39 N/A 8
40 Reduced keratoses 1 142 2.14[0.31, 14.65] 0.44 <
41 N/A S
42 Reduced no. viral warts 1 142 7.00 [0.46, 106.10] 0.16 '
ji For peer review only - http://bmjopen.bmj.com/site/abOLN/éuidelines.xhtmI
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CANCEROUS LESIONS

SCC incidence

0z-uadolwa/g

Treated (cream vs. placebo) 1 142 0.09 [0.01, 1.70] 0.11 N/A Imiquimod 5% {geam Placebo
o
N
Untreated (control site) 1 142 0.43 [0.08, 2.37] 0.33 §
N/A o
ORAL RETINOIDS (n=2) ,i
CANCEROUS LESIONS =
Decreased incidence: N
>15CC 1 462 0.40[0.19,0.85]  0.02 AcitetrinS Drug free period
N/A o
>1BCC 1 462 0.50[0.14, 1.76] 0.28 %
N/A 5
New skin cancer 1 192 0.22 [0.06, 0.90] 0.03 N/A Acitretin2- Placebo

aControl is the contralateral or similar area of skin on the same participant

bCalcineurin inhibitor

‘Methyl aminolaevulinate cream
dSquamous cell carcinoma
eBasal cell carcinoma
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Figure legends

Figure 1. Study selection

Figure 2. Risk of bias of included studies

Figure 3. Behavioral interventions — Sun protection behavior (general)
Figure 4. Behavioral interventions — Sun protection knowledge

Figure 5. Switch to mTOR inhibitors — Non melanoma skin cancer incidence
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Figure 1. PRISMA Flowchart
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Not transplant (n=247)

> No sun protective behavior or cancer
incidence outcomes (n=442)
Not RCT (n=512)

Full-text articles excluded (n =48):
Not transplant (n=6)

No sun protective behavior or cancer
incidence outcomes (n=31)

Not RCT (n=11)

—
Records identified through database
searching (n = 1433)
H Medline (n=497)
] Embase (n=605) Additional records identified
EE Cochrane Central (n=42) through other sources
£ CINAHL (n=289) (n=23)
3
¥
— Records before duplicates removed
—
(n=1456)
£
E 44 Duplicates excluded (n = 176)
b X
v
Records screened
(n=1280)
-
—
y
oz' Full-text articles d for
3 eligibility
2 (n=79)
w
S p
R Studies for systematic review [n=20,
from 21 reports]
Studies for meta-analysis (n=15):
- Sun protection behavior (n=4)
3 Sun protection knowledge (n=4)
2 Sun protection attitude (n=3)
£ Skin irritation/sunburn (n=2)
Biologic measures (n=3)
Pre-cancerous incidence (n=3)
Cancer incidence (n=10)
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Figure 2. Risk of bias in included studies
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Intervention Standard Care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Sun protection behaviour
Robinson 2016 57.74 13.18 84 31.09 502 86 33.2% 2.67[2.26, 3.09] -
Robinson 2014 19.76 19.625 50 13.77 174 51 33.3% 0.32 [-0.07, 0.71]
Clowers-Webb 2006 24 0.6 70 26 07 73 33.5% -0.30 [-0.63, 0.03]
Subtotal (95% CI) 204 210 100.0% 0.89 [-0.84, 2.62]

Heterogeneity: Tau? = 2.30; Chi? = 125.58, df = 2 (P < 0.00001); I = 98%
Test for overall effect: Z=1.01 (P=0.31)
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Intervention Standard Care Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.3.2 Sun protection knowledge
Robinson 2011 376 049 38 283 114 37 21.5% 1.05[0.57, 1.54] s
Robinson 2014 6.71 6.75 52 229 675 51 24.4% 0.65[0.25, 1.05] ——
Clowers-Webb 2006 944 69 70 939 6.7 71 266% 0.07 [-0.26, 0.40]
Robinson 2016 6.67 2861 84 367 1232 86 27.5% 0.33 [0.03, 0.64] —
Subtotal (95% CI) 244 245 100.0% 0.50 [0.12, 0.87] e

Heterogeneity: Tau? = 0.11; Chi* = 12.41, df = 3 (P = 0.006); I = 76%
Test for overall effect: Z=2.58 (P = 0.010)
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Risk Ratio

Risk Ratio

Study or group Events Total Events Total Weight M-H, Rand: 95% CI M-H, Rand 95% CI
4.1.1 Any SCC/BCC
Hoogendijk-van den Akker 2013 1 30 8 23 5.0% 0.13[0.02, 0.99]
Salgo 2012 1 16 8 17 5.3% 0.13[0.02, 0.95]
Alberu 2011 12 551 22 2713 21.7% 0.27 [0.14, 0.54] -
Campbell 2012 22 39 38 47  33.1% 0.70[0.51, 0.95] R
Euvrard 2012 26 42 43 44 349% 0.63 [0.50, 0.81] -
Subtotal (35% CI) 678 404 100.0% 0.46 [0.28, 0.75] 2
Total events 62 "7
Heterogeneity: Tau? = 0.16; Chi? = 14.48, df = 4 (P = 0.006); I* =72%
Test for overall effect: Z =3.10 (P = 0.002)
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Figure S1. Search Strategy
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gure EES Risk of bias and key findings in individual studies
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©
0]
>

Blindi
Random . " . 'f'g Blinding Incomplete .
Allocation participants . Intervention &
sequence iment & outcome outcome Selective comparator Outcome
Study, year generation assessors data reporting P RR/MID/SMD (95% Cl)
personnel
Behavioral Interventions (n=6) .i
QCIowers—Webb Unclear Unclear High Unclear High Low Repetitive Gengral behavior SMD -0.30 (-0.63, 0.03)
92006%* written material Knoywledge SMD 0.07 (-0.26, 0.40)
o
10 vs. standard care N
1§obinson Unclear Unclear Unclear Unclear Low Low Workbook vs. Skin$elf examination (1 month) RR 4.14 (2.22,
12011% standard care 7.72§;
14 Knogledge SMD 1.05 (0.57, 1.54)
15 Coné&ern about developing cancer SMD 0.95 (0.47,
16 1.43%
:; Con@dence to recognize cancer MD 1.80 (1.35,
19 2.25%
20 Impé&rtance of skin self-examination MD 1.05 (0.61,
21 1.49%
;g Impgrtance of partner to help for skin self-
) exargination MD 1.59 (1.10, 2.08)
2Robinson Low Low High Low Low Low Workbook & Gengral behavior SMD 0.32 (-0.07, 0.71)
260143 text messages  Knowgledge SMD 0.65 (0.25, 1.05)
;2 vs. standard care Con&rn about developing cancer SMD 2.73 (2.19,
5 3.27%
30 Rec@gnize personal risk SMD -0.01 (0.40, 0.38)
31 Congdence in sun protection SMD 0.30 (-0.09,
32 0.68%
gi Willthgness/intention to change behaviour SMD -
35 0.02%¥-0.41, 0.36)
o
36 Imp@rtance of skin cancer/sun protection/having a
37 tan @D 7.00 (2.94, 11.06)
gg Skini'frritation none RR 1.37 (1.16, 1.63)
40 Skin§rritation >1 RR 0.15 (0.03, 0.61)
41 Sun@rn none RR 1.30 (1.12, 1.52)
42 Sunburn >1 RR 0.17 (0.04, 0.72)
‘E For peer review only - http://bmjopen.bmj.com/site/about/guidelines xhtrdMelanin index - RU arm (sun protected) SMD 0.23
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Melénin index - R forearm (sun exposed) SMD -
1 0.373-0.76, 0.02)
2 Cheék (sun exposed) SMD -0.03 (-0.42, 0.36)
Z Sun gamage assessment - R forearm SMD -0.30 (-
5 0.6990.09)
6Robinson Unclear Low Low Low Mobile app Gengral behavior SMD 2.67 (2.26, 3.09)
79016 program vs. DaiI‘Ehours outdoors MD -6.12 (-7.11, -5.13)
g standard care Kno\%ledge SMD 0.33 (0.03, 0.64)
10 Con@rn about developing cancer SMD 1.97 (1.61,
11 2.34%
12 Recénize personal risk SMD 1.22 (0.90, 1.55)
12 Conﬁldence in sun protection SMD 1.23 (0.09, 1.56)
15 Will®gness/intention to change behaviour SMD
16 3.4242.94, 3.89)
17 Skindrritation none RR 0.82 (0.69, 0.96)
18 SkinGrritation >1 RR 1.64 (0.79, 3.40)
;g Sunigirn none RR 40.44 (10.27, 159.27)
21 Sunigurn >1 RR 4.83 (2.95, 7.90)
22 Melanin index - RU arm (sun protected) SMD 0.05
23 (0.3, 0.35)
;‘; Melg\énin index - R forearm (sun exposed) SMD -
% 0.469-0.76, -0.15)
27 Cheék (sun exposed) SMD -0.43 (-0.73, -0.12)
28 Sun damage assessment - R forearm SMD -0.02 (-
29 0.33,,0.28)
;‘]J'rinh 2014%"  Low Unclear Unclear Low Video vs. E
32 pamphlet o
$itch to mTOR inhibitors (n=6) é
;}Iberu 2011% Low Unclear High Low Sirolimus vs. CNI Cantgar incidence RR 0.27 (0.14, 0.54)
;;Zampbell Sirolimus vs. CNI §
320094 Low Low Low Low Canger incidence RR 0.70 (0.51, 0.95)
39 o
4€arroll 2013%" Sirolimus vs. 2
jl Unclear Unclear Low Low CNI/AZA g
Euvrard 2012 Unclear Unclear Unclea )yhmjnpm hryl]_j.or\g‘/m/cim/gﬁir(gfljgrny{;ﬂyirs‘.cgwfm(ltancer incidence RR 0.63 (0.50, 0.81)
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3
yHoogendijk- High Low Slrolimus vs Can&r incidence RR 0.13 (0.02, 0.99)
2van den Akker CNI/MMF/AZA 3
320134 ®
4 S
ESaIgo 2010% High Low Slrolimus vs Canger incidence RR 0.13 (0.02, 0.95)
7 CNI/MMF/AZA  SkinTysplasia
8 Anfimprovement RR 24.35 (1.55, 381.99)
9 Unghanged RR 0.85 (0.28, 2.61)
10

Anpworsening RR 0.04 (0.00, 0.66)

l’%armacetical interventions — Photodynamic therapy (n=4); oral retinoids (n=3); 5% imiquimod cream (n=1)

0d

=
1Bavinck 19954 Low Low Acitretin vs. Canéer incidence RR 0.22 (0.06, 0.90)
14 placebo %
;grown 20053 Low Low 5% Imiquimod  Cané®r incidence
17 cream vs. chtreated RR 0.09 (0.01, 1.70)
18 placebo SC§ untreated RR 0.43 (0.08, 2.37)
19 Red@ced skin atypia RR 3.00 (0.47, 19.35)
;‘1) Red@ced dysplasia RR 2.14 (0.31, 14.65)
22 Redgced keratosis RR 2.14 (0.31, 14.65)
23 Redéced no. viral warts RR 07.00 (0.46, 106.10)
2then 20162 Low Low Nicotinamide vs. =]
32 placebo 9
2de Sevaux Low Low High dose §
280032 acitretin vs. low -
32 dose acitretin IS
;T)ragieva Low Low Methyl Acti@c keratosis reduction
3200436 aminolevulinate ~ Complete response RR 27.00 (1.73, 420.67)
33 cream vs. Paaial reduction RR 7.00 (0.39, 125.99)
34 placebo Nogeduction RR 0.09 (0.02, 0.40)
;éieorge 2002% Low Low Acitretin vs. drug Cantier incidence
37 free period >1%CC RR 0.40 (0.19, 0.85)
38 >1BCC RR 0.50 (0.14, 1.76)
Zg'ogsverd-Bo Low Low Methyl S

"1ybuAdo:

4201527*" aminolevulinate

42 cream vs. no
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Methyl age>vo

aminolevulinate
cream vs.5%
Imiquimod
cream

5Wulf 2006" Low High High Low Low Low Methyl Cang¢er incidence RR 0.59 (0.34, 1.03)
6 aminolevulinate
7 cream vs. no

2 treatment

10 "Excluded from analyses — no meaningful data to extract
11 *Randomized controlled areas of skin on individuals
g *Excluded from analyses — same participants as Robinson 2016

Togsverd-Bo

Actisic keratosis reduction
2017371L g

Co@plete response RR 1.42 (0.81, 2.48)
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P‘?‘g%fé g&?%ssessment of quality of studies using the Grading of Recommendatch'JVrlsz(,)R%gessment, Development and E

Number of
% studies

Quality of assessment (Decrease in quality score)

Risk of bias/Quality of
evidence

; Sun protection behavior

Inconsistency

Indirectness

a9

>

Imprecision

véluation (GRADE) system.
]

Publication bias

Quality

\l

z

QD

<
Serious impreci§ion

?0 fer;ous study limitations Important inconsistency :nld)lrectness Uncertain Very low
-1 - S .
L] Randomisation unclear?*3° 1) : Diverse interventions (1) J Unable to determine.
1 Analysed in subgroups. _ ; Small sample sige, Cls | Small number of
a0 | 23 i aa0/130-32 (written vs. electronic), E .
135 RCTs o ] heterogeneity (1°=99%) ) ) crosses the nul studies, large
1la Participants not blinded or varying duration (2 weeks g ;
) 3 heterogeneity
15 well described?430-33 to 10 months) e
:? Concealment of allocation Same sample of S
s not described.?**3? participants?*3? E:
1o =
20Sun protection knowledge %
1 . . el 1. S
b Serious limitations Important inconsistency Indirectness Serious impreciSion | Uncertain Very low
B (-1) o ewo | CD) (-1) (-1) % Unable to determine.
246 RCTs 550 5233;1dom|sat|on unclear Heterogeneity (12 85%) Diverse interventions Small sample sige Small number of
;233 > Partici blinded (written vs. electronic), S studies, large
articipants not blinded or varying duration (1 day to Z heterogeneity
27 ; 242830-33
I well described 10 months) 3.
. [
% Concealment of allocation Same sample? :
30 not described?®33 S
~
31 =
32Sun protection attitude Q
3 —~
7 Serious limitations Important inconsistency Indirectness Serious imprecision Uncertain Very low
o .
35 (-1) (-1) (-1) (-1) 3 Unable to determine.
364 RCT 243133 Randomisation unclear®*3? | Wide variation in the effect | Diverse interventions Small sample sige, Small number of
;; 33 estimates, heterogeneity (I | (written vs. electronic), small number % studies, large
2 Participants not blinded or | 97%). Similar duration. events S heterogeneity.
Ihd ibed?431-33 2432 o
40 well describe Same sample 2
M Concealment of allocation Cl
2 .
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not described )
D
1| Complications (skin irritation, sunburn) §
3 Serious limitations Important inconsistency Indirectness Serious imprec§ion Uncertain Very low
4 5 RCTs® (-1) (-1) (-1) (-1) S Unable to determine.
5 Participants not blinded?! | Heterogeneity (1°=95-99%) Diverse interventions Small sample sige Small number of
6 32 Analysed in subgroups. (written vs. electronic), 2 studies, large
\l
/ Similar effect estimates. similar duration. =z heterogeneity.
9 .: . .. <
d Biologic measures (melanin index, sun damage) N
110 . P N
1h Serious limitations Important inconsistency Indirectness Serious imprec@ion Uncertain Very low
125 reTs 2 (-1) o , | 1) (-1) (-1) % Unable to determine.
183 Ranc?lc)_mlsatlon un_clear ., | Analysed in subgroups. Different interventions Small sample sige Small number of
:‘5‘ elzart|C|pants not blinded Heterogeneity (12 60%) (written vs. electronic), ] studies, large
16 similar duration. 3 heterogeneity.
2
17 . .
lgPre-cancerous incidence =
=2
;g Serious limitations Important inconsistency Indirectness Serious imprecision | Uncertain Very low
J; (-1) (-1) (-1) (-1) 3 Unable to determine.
Randomisation or . . . . 5 .
224 RCTs 273538 ) Analysed in subgroups. Diverse interventions, Small sample size Large heterogeneity.
A allocation unclear® 3638 varying duration 3
1 Participants not blinded or %
P well described?”3538 o
% =
27 .. E
JgCancer incidence =3
5
;g Serious limitations Important inconsistency Indirectness Serious imprecision | Uncertain Very low
3 (-1) (-1) (-1) (-1) R Unable to determine.
i i 140 .. .. . . . .. .
e Randomisation unclear Maijority of participants Diverse interventions Majority of < Large heterogeneity.
10 4243 . . .. e
33RCTs _ came from 1 study® (immunosuppression, participants frdgn one
e 20 n5.44 Allocation concealrrlfgn; W | SMall samplet 203804 photodynamic therapy, trial (n=551), srigall
gg 2‘2} used or unclear immune response number of evegts
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Figure S3. Subgroup analyses of immunosuppression conversion interventions on skin cancer incidence
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
8.6.1 Study size (n<100)
Camphell 2012 22 39 38 47 8.3% 0.70[0.51, 0.95] -
Salgo 2012 1 16 3 17 1.4% 0.13[0.02, 0.95] e
Subtotal (95% CI) 55 64 10.7% 0.39 [0.07, 2.17] —eenl——
Total events 23 46
Heterogeneity, Tau?=1.17; Chi*=3.28, df=1 (P=0.07); F=70%
Testfor overall effect Z=1.08 (F=0.28)
8.6.2 Study size (n=100)
Alberu 2011 12 851 22 73 559% 0.27 [0.14, 0.54] e
Euvrard 2012 14 49 22 51 7.1% 0.66 [0.38,1.14] ——
Hoogendijk-van den Akker 2013 1 i 5 23 1.3% 0.13[0.02, 0.99]
Subtotal (35% CI) 630 347 14.3% 0.37 [0.16, 0.86] -l
Total events 27 a0
Heterogeneity, Tau®=0.33; Chi*=5.758, df= 2 (P = 0.06); F= 65%
Testfor overall effect; Z= 231 (P=0.02)
8.6.3 Trial duration (12 months)
Camphell 2012 22 39 38 47 8.3% 0.70[0.41, 0.95] -
Salgo 2012 1 16 g 17 1.4% 0.13[0.02, 0.95]
Subtotal (35% CI) 55 64 10.7% 0.39 [0.07, 217] —e
Total events 23 46
Heterogeneity, Tau®=1.17; Chi*=3.28, df=1 (P=007); F=70%
Testfor overall effect; Z=1.08 (P =0.28)
8.6.4 Trial duration {24 months)
Alheru 2011 12 551 22 73 54% 0.27 [0.14, 0.54] —
Euvrard 2012 14 49 22 51 7.1% 0.66 [0.38,1.14] ——
Hoogendijk-van den Akker 2013 1 30 G 23 1.3% 0.13[0.02, 0.99]
Subtotal (95% CI) 630 347 14.3% 0.37 [0.16, 0.886] -
Total events 27 a0
Heterogeneity, Tau®=0.33; Chi*=5.75, df= 2 (P = 0.06); F= 65%
Testfor overall effect: =231 (F=0.02)
8.6.5 Setting (Single Centre)
Salgo 2012 1 16 g 17 1.4% 0.13[0.02, 0.95] e —
Subtotal (35% CI) 16 17 1.4% 0.13 [0.02, 0.95] ——e——
Total events 1 g
Heterogeneity: Mot applicable
Testfor overall effect; Z= 2.02 (P =0.04)
8.6.6 Setting (Multi Centre)
Alheru 2011 12 551 22 73 54% 0.27 [0.14, 0.54] —
Camphell 2012 22 39 38 47 8.3% 0.70[0.51, 0.95] -
Euvrard 2012 14 49 22 51 7.1% 0.66 [0.38,1.14] ——
Hoogendijk-van den Akker 2013 1 i 5 23 1.3% 0.13[0.02, 0.99]
Subtotal (35% CI) 669 394 23.6% 0.48[0.27, 0.85] e
Total events 49 ag
Heterogeneity, Tau®=0.21; Chi*=9.83, df= 3 (P=002); F=69%
Testfor overall effect; Z= 2.50 (P = 0.01)
8.6.7 Risk of Bias (Low)
Camphell 2012 22 39 38 47 8.3% 0.70[0.51, 0.95] -
Hoogendijk-van den Akker 2013 1 i 5 23 1.3% 0.13[0.02, 0.99]
Subtotal (35% CI) 69 70 10.6% 0.39 [0.07, 217] —e
Total events 23 44
Heterogeneity, Tau®=1.14; Chi*=3.05, df=1 (P=0.08); F=67%
Testfor overall effect; Z=1.08 (P =0.28)
8.6.8 Risk of Bias (Unclear)
Alheru 2011 12 551 22 73 54% 0.27 [0.14, 0.54] —
Euvrard 2012 14 49 22 51 7.1% 0.66 [0.38,1.14] ——
Salgo 2012 1 16 g 17 1.4% 0.13[0.02, 0.95]
Subtotal (95% CI) 616 341 14.4% 0.37 [0.16, 0.886] .
Total events 27 52
Heterogeneity, Tau®=0.33; Chi*=5.81, df= 2 (P = 0.09); F= 66%
Testfor overall effect =232 (P=0.02)
Total {95% CI) 2740 1644 100.0% 0.46 [0.36, 0.59] L
Total events 200 384
Heterogeneity: Tau®= 0.14; Chi*= 5127, df= 19 {F < 0.0001); F= 63% 0?1 150 100

Testfor overall effect Z= 618 (P < 0.00001)
Testfor subaroup differences: Chi*=1.69, df=7 (P =088), F=0%

Favours [experimental] Favours [control]
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2 Title 1 | Identify the report as a systematic review, meta-analysis, or both. ;
=
10 ABSTRACT o
-I fan
13 Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data source8 study eligibility criteria,
13 participants, and interventions; study appraisal and synthesis methods; results; limitations; ccnclusmns and
1; implications of key findings; systematic review registration number. §
O
13 INTRODUCTION 8
1 Fant
1 Rationale Describe the rationale for the review in the context of what is already known. g
18 Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, in%rventions, comparisons,
19 outcomes, and study design (PICOS). =
2( =
51 METHODS 5
22 Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), ancﬁ if available, provide
23 registration information including registration number. U
2 o .
2 Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e. g; years considered,
2' language, publication status) used as criteria for eligibility, giving rationale. S
27 Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study %uthors to identify
24 additional studies) in the search and date last searched.
;; Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be
3 repeated. o
32 Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic rew&v and, if applicable,
33 included in the meta-analysis). <
3f Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in dupha%te) and any processes
ge for obtaining and confirming data from investigators. "_U'
37 Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and %y assumptions and
34 simplifications made. 2
39 Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specificatio&of whether this was
2( studies done at the study or outcome level), and how this information is to be used in any data synthesis.
42 Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). E
i Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including mfeasures of consistency
4 2 _ .
45 (e.g., Pfor Egrcgergrertgv%r\}\?g/rﬁl\% http://bmjopen.bmj.com/site/about/guidelines.xhtml
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. @&  PRISMA 2009 Checklist :
2 S
3 o
4 Page 1 of 2
5
i Section/topic Checklist item R
on page #
7
8| Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publicdtjon bias, selective 8
9 reporting within studies). <
10 Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- regressmn) if done, indicating | 8
11 which were pre-specified. S
11
13 RESULTS g
14 Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with r@asons for exclusionsat | 8
13 each stage, ideally with a flow diagram. 2
1
1E Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICO% follow-up period) and | 8-9
14 provide the citations. 3
19 Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (ée item 12). 9
2( =
51 Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summaf data for each 10-14
by intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. @
23 Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures ofionsistency. 10-14
2
>3 Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). Tz 9
26 Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regrgssion [see Item 16]). 14
27 E
28 DISCUSSION 2z
;; Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; con|s~|der their relevance to 14-15
3 key groups (e.g., healthcare providers, users, and policy makers). o
32 Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., wﬁomplete retrieval of 16
33 identified research, reporting bias). <
gf Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implicatio@s for future research. 16-17
gf FUNDING 3
38 Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of datag role of funders forthe | 2
q systematic review.
39 =
40 S
41 From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: TheéRISMA Statement. PLoS Med 6(7): e1000097.
42 doi:10. 1371/Journal pmed1000097 &
43 For more information, visit: www.prisma-statement.org. =
44 ) Page20f2 ) o
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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