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abstract

PURPOSE To improve skin cancer screening among survivors of childhood cancer treated with radiotherapy
where skin cancers make up 58% of all subsequent neoplasms. Less than 30% of survivors currently complete
recommended skin cancer screening.

PATIENTS AND METHODS This randomized controlled comparative effectiveness trial evaluated patient and
provider activation (PAE 1 MD) and patient and provider activation with teledermoscopy (PAE 1 MD 1 TD)
compared with patient activation alone (PAE), which included print materials, text messaging, and a website on
skin cancer risk factors and screening behaviors. Seven hundred twenty-eight participants from the Childhood
Cancer Survivor Study (median age at baseline 44 years), age . 18 years, treated with radiotherapy as children,
and without previous history of skin cancer were randomly assigned (1:1:1). Primary outcomes included receiving
a physician skin examination at 12months and conducting a skin self-examination at 18months after intervention.

RESULTS Rates of physician skin examinations increased significantly from baseline to 12 months in all three
intervention groups: PAE, 24%-39%, relative risk [RR], 1.65, 95% CI, 1.32 to 2.08; PAE 1 MD, 24% to 39%,
RR, 1.56, 95% CI, 1.25 to 1.97; PAE1MD1 TD, 24% to 46%, RR, 1.89, 95% CI, 1.51 to 2.37. The increase in
rates did not differ between groups (P 5 .49). Similarly, rates of skin self-examinations increased significantly
from baseline to 18 months in all three groups: PAE, 29% to 50%, RR, 1.75, 95% CI, 1.42 to 2.16; PAE1MD,
31% to 58%, RR, 1.85, 95% CI, 1.52 to 2.26; PAE1MD1 TD, 29% to 58%, RR, 1.95, 95% CI, 1.59 to 2.40,
but the increase in rates did not differ between groups (P 5 .43).

CONCLUSION Although skin cancer screening rates increased more than 1.5-fold in each of the intervention
groups, there were no differences between groups. Any of these interventions, if implemented, could improve
skin cancer prevention behaviors among childhood cancer survivors.

J Clin Oncol 41:2269-2280. © 2023 by American Society of Clinical Oncology

INTRODUCTION

Currently, in the United States, 85% of children treated
for cancer will achieve 5-year survival.1 In addition,
there are an estimated 500,000 adult survivors of
childhood cancer,2 more than 60% of whom were
treated with radiation therapy.3 The Childhood Cancer
Survivor Study (CCSS) has previously demonstrated
that among survivors treated with radiation, skin
cancers are the most common subsequent neo-
plasms, making up 58% of all subsequent neo-
plasms.3 An estimated 20 years after treatment
exposure, these survivors are at 30-fold increased risk
of developing basal cell carcinoma,4 and 2.5- to 5-fold
increased risk of melanoma5,6 compared with the
general population, with many survivors developing
multiple basal cell carcinomas.

Among the general population, early detection of skin
cancer is associated with improved survival rates and
reduced individual and health care costs.7-9 On the basis
of this premise, current US practice guidelines by the
National Cancer Institute for detection of early-onset skin
cancer among childhood cancer survivors who received
radiotherapy (PDQ, evidence-based data summary)
recommend an annual dermatologic examination.10

Additionally, the Children’s Oncology Group Long-
Term Follow-Up Guidelines for Survivors of Childhood,
Adolescent, and Young Adult Cancers recommends an
annual dermatologic skin examination focusing on skin
lesions and pigmented nevi in the radiation field as well
as monthly skin self-examinations (SSEs).11

Adherence to screening recommendations is low
among radiation exposed survivors, with only 27% of
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patients reporting that they received physician screening
for skin cancer by skin examination of irradiated areas12

and adherence rates to Children’s Oncology Guidelines for
skin cancer screening being 22%.13 Thus, a key challenge
among this high-risk population is to improve adherence to
skin cancer screening. We conducted a randomized,
controlled comparative effectiveness trial to determine
whether patient and physician activation and patient and
physician activation with dermoscopy would improve skin
cancer surveillance compared with patient activation alone.

PATIENTS AND METHODS

Population

Participants were recruited from CCSS, which includes
25,665 5-year survivors of childhood cancer from 31 insti-
tutions diagnosed before age 21 years and between 1970 and
1999.14,15 Eligibility criteria for recruitment to the Advancing
Survivors’ Knowledge of skin cancer (ASK) study included (1)
age 18 years or older; (2) previously treated with radiation
therapy; (3) visited a primary care physician or oncologist in
the previous 2 years or planning a visit in the next year; (4) no
personal history of skin cancer; (5) ability to receive text
messages; and (6) ability to use the DermLite teledermoscopy
device (3Gen, San Juan Capistrano, CA). Consent was ob-
tained verbally via the telephone, online, or was ascertained by
receipt of completed paper surveys. Participants were not
excluded if diagnosed and treated as an adult with cancer, as
they remain at high risk for nonmelanoma skin cancer from
their childhood radiation exposure. The CCSS does not collect
treatment exposure information for adult-onset malignancies,
nor any treatment provided beyond the 5-year time point of
survival from the primary malignancy. Detailed recruitment
procedures have been previously reported.16

Ethical Statement

The study Protocol (online only; ClinicalTrials.gov identifier:
NCT02046811) was reviewed and approved by the insti-
tutional review boards of Harvard T.H. Chan School of

Public Health and St Jude Children’s Research Hospital. All
the participants provided consent before study enrollment.

Study Design and Random Assignment

Using the Patient ActivationModel framework, the objective
was to compare the additive effect of education through
patient and provider activation (PAE1MD) and patient and
provider activation with teledermoscopy (PAE1MD1 TD)
compared with education through patient activation alone
(PAE) to improve skin cancer screening rates. The devel-
opment of the interventions was previously described in
detail.16,17 We hypothesized that PAE 1 MD and PAE 1
MD 1 TD would lead to higher rates of physician skin
examinations at 12 months and higher rates of SSEs at
12 and 18 months after intervention compared with PAE.
Participants were enrolled and randomly assigned on the
basis of a three-arm parallel (1:1:1) design conducted
using a uniform number generator and stratified by sex and
education. The study Protocol (ClinicalTrials.gov identifier:
NCT02046811) was reviewed and approved by the insti-
tutional review boards of Harvard T.H. Chan School of
Public Health and St Jude Children’s Research Hospital.

Study Interventions

Participants randomly assigned to the PAE only intervention
group received a single set of mailed print materials, monthly
text messages, and 12-month access to the ASK website,
which included a video guide on how to conduct a SSE. The
intervention targeted improving survivors’ awareness of their
heightened risk of skin cancer while encouraging them to (1)
carefully examine their skin using pictorial diagrams of how
to conduct a skin self-examination, photographs of abnormal
lesions, and prominent body sites to examine (particularly
those in the radiation field); (2) request provider skin ex-
aminations with the use of a printable checklist for their care
provider; and (3) develop a collaborative care plan with their
provider that addresses common responsibility for moni-
toring and timely follow-up on new and changing moles
and lesions. Thirteen text messages were sent during the

CONTEXT

Key Objective
To our knowledge, this was the first randomized trial to test various methods for improving the early detection of skin cancer

among childhood cancer survivors. Participants were randomly assigned to patient activation alone (PAE) versus patient
and provider activation (PAE 1 MD) and patient and provider activation with teledermoscopy (PAE 1 MD 1 TD).

Knowledge Generated
Rates of physician examinations and skin self-examinations improved more than 1.5-fold in all three intervention groups.

However, the increase in rates did not differ between groups.
Relevance (S. Bhatia)
Low-cost patient activation strategies need to be tested in the setting of implementation trials to promote early detection of

skin cancer in childhood cancer survivors treated with radiation.*

*Relevance section written by JCO Associate Editor Smita Bhatia, MD, MPH, FASCO.
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12-month intervention period, which included reminders of
these goals.

Participants assigned to the PAE 1 MD arm received the
PAE intervention. Additionally, their physicians were mailed
physician activation print materials, including information
about survivors’ increased risk for skin cancer education to
provide a full-body skin examination at the next appoint-
ment, access to the patient and provider sections of the
study website, and additional written resources (eg, efficacy
data on skin examinations).

Participants assigned to the PAE1MD1 TD arm received
the PAE 1 MD intervention. In addition, they received a
dermatoscope to attach to their smartphone for acquisition
of high-resolution dermoscopic images, and a customized
instructional video on how to use the device. Participants
were instructed to send photographs of suspicious moles or
lesions to the study dermatologist by a secure portal. The
results were sent to the participant’s physician, encour-
aging referral to a dermatologist for a clinical examination if
needed, and emphasizing the importance of monthly self-
examinations.

Primary Outcomes

The two primary outcomes were participant-reported phy-
sician skin examination within 12 months after intervention
and participant-reported SSE in the 2 months before as-
sessment at 18 months. Completion of a physician skin
examination was assessed at baseline and 12 months as
most participants were making annual and not midyear
routine health care visits. SSE reporting has been previously
validated18,19 and participants were asked, “Howmany times
in the past two months have you carefully checked your
whole body (including the skin on your back and back of
your legs) for any sign of skin cancer?” Answer choices
included never, once, and two or more times. For analyses,
this variable was scored as binary: never versus at least once.
Because SSE is a personal practice and one that high-risk
patients should be performing routinely, we measured this
outcome at 12 and 18 months (the primary end point).

Secondary Outcome

Participants were also asked if they carefully examined
each of nine areas of the body (the front of your body from
the waist up, the front of your thighs and legs, the bottom of
your feet, your calves, the backs of your thighs, your
buttocks, the lower parts of your back, your upper back,
and your scalp).18,19 Participant-reported body parts self-
examined was scored as the mean of the total number of
body parts examined and assessed at baseline, 12 months,
and 18 months (primary end point).

Additional Measures

We collected self-reported sociodemographic information
including current age, education, and skin type at baseline
evaluation. Sex, race/ethnicity, age at diagnosis, childhood
cancer diagnosis, chemotherapy exposure, and maximum

radiation therapy location and dose were previously col-
lected by CCSS.14,15 To evaluate adherence, we asked
participants whether they read all, some, or none of the
print materials and the 13 text messages, and whether they
used the study website. We assessed participant use of
teledermoscopy on the basis of the number of individuals
who submitted dermoscopic images to the study website.
We used the 13-item short version of the Patient Activation
Measure to assess patient knowledge, skills, beliefs, mo-
tivations, and behaviors needed to become activated or
actively engaged in their health care. Scoring resulted in
four activation stages: (1) importance of taking an active
role as a patient; (2) confidence and knowledge to take
action; (3) action toward health maintenance and im-
provement; and (4) staying the course even under
stress.20,21

Statistical Analysis

Descriptive analyses characterized distributions of patient
characteristics (counts and percentages) overall and by
intervention group. For the primary analyses, we fit a series of
repeated-measures marginal models via generalized esti-
mating equations.22 In each model, we included separate
indicators for intervention group, time period (i.e. baseline,
12 months, and 18 months, as appropriate), and their in-
teraction terms. The interaction terms were the primary
coefficients of interest since they characterize whether and
how changes over time in the outcome vary across inter-
vention arms. A log-link function facilitated interpretation of
contrasts in terms of relative risks (RRs; for physician skin
examination and SSE) or relative rates (for body parts ex-
amined). Standard errors were estimated using the robust
sandwich error after having adopted working independence
in the estimation procedure. For each outcome, analyses
were performed with and without covariate adjustment for
sex, current age (years, categorized as , 35, 35-39, 40-44,
45-49, 50-54, and 551), education (# high school, some
college, college graduate, and postgraduate), and skin type
(very fair, fair, olive, and dark/very dark).

Approximately 4% of participants were excluded because of
missing data in age and skin type at baseline, as well as in the
primary outcomes at baseline and during follow-up. To in-
vestigate the potential impact of missing data, we performed
a series of complete-case and available data inverse
probability-weighted analyses.23 All analyseswere performed
in R v4.03.24

Sample Size Estimation

Sample size calculations were based on previously reported
physician-led and self-screening rates for skin cancer.
Using a main effects model, with at least 80% power to
detect a 15% difference across any of the arms and an
alpha of .025, and an estimated 25% attrition rate bymonth
18, we proposed to recruit 801 subjects to be randomly
assigned into three arms. Further details are included in the
published Protocol.16
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Sensitivity Analysis

Post hoc, we reanalyzed the main efficacy analyses re-
stricted to those participants who were nonadherent at
baseline with respect to the primary and secondary
outcomes.

RESULTS

Overall, 1,353 CCSS participants were assessed for eligibility
and 728 were randomly assigned, as shown in Figure 1.
Among participants randomly assigned, 53% were female
and 74% reported fair skin type (Table 1). The median age

at baseline was 43.9 years (range, 29.9-64.7 years) and the
median age at cancer diagnosis was 6 years (range, 0-20
years). All participants were treated with radiation therapy
and 67% also received chemotherapy. Participant study
retention was 89% at 12 months and 90% at 18 months
(Appendix Fig A1, online only).

Primary and Secondary Outcomes

Compared with baseline, rates of completion of physician
skin examination, SSE, and self-examination of an in-
creased number of body parts within 12 and 18 months
after intervention were higher in all three intervention

Assessed for eligibility (N = 1,353)

Enrollment

Allocation

12 months

18 months

Analysis

Excluded                                                       (n = 625)
  Did not meet inclusion criteria                 (n = 149)
  Declined to participate                                (n = 81)
  Nonresponder                                           (n = 381)
  Deceased                                                        (n = 2)
  Did not complete HIPAA consent               (n = 12)

Randomly assigned (n = 728)

PAE                                                (n = 241)
  Received intervention                 (n = 241)
   Did not receive intervention          (n = 0)

Analyzed
  12 months                                    (n = 216)
  18 months                                    (n = 221)

Analyzed
  12 months                                    (n = 217)
  18 months                                    (n = 219)

Analyzed
  12 months                                   (n = 212)
  18 months                                   (n = 215)

Follow-up completed                    (n = 221)
  Lost to follow-up                           (n = 17)
  Discontinued participation            (n = 3)

Follow-up completed                  (n = 219)
  Lost to follow-up                          (n = 22)
  Discontinued participation            (n = 4)

Follow-up completed                   (n = 215)
  Lost to follow-up                         (n = 20)
  Discontinued participation            (n = 7)

Follow-up completed                   (n = 216)
  Lost to follow-up                          (n = 23)
  Discontinued participation             (n = 2)

Follow-up completed                   (n = 217)
  Lost to follow-up                         (n = 25)
  Discontinued participation           (n = 3)

Follow-up completed                  (n = 212)
  Lost to follow-up                         (n = 27)
  Discontinued participation            (n = 3)

PAE + MD                                     (n = 245)
  Received intervention               (n = 245)
  Did not receive intervention         (n = 0)

PAE + MD + TD                            (n = 242)
  Received intervention               (n = 242)
  Did not receive intervention           (n = 0)

FIG 1. CONSORT diagram. All 728 participants were contacted for the 18-month follow-up, even if they did not complete the 12-month follow-
up, hence the slightly increased follow-up rate at 18 months. HIPPA, Health Insurance Portability and Accountability Act; PAE, patient
activation and education; PAE 1 MD, patient activation and education, with physician activation; PAE 1 MD 1 TD, patient activation and
education, with physician activation, and teledermoscopy.
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TABLE 1. Demographic, Primary Cancer, and Treatment Characteristics by Treatment Arm
Variable Overall PAE PAE 1 MD PAE 1 MD 1 TD

Total 728 241 245 242

Sex, No. (%)

Male 339 (47) 113 (47) 113 (46) 113 (47)

Female 389 (53) 128 (53) 132 (54) 129 (53)

Education, No. (%)

High school/GED 78 (11) 25 (10) 30 (12) 23 (10)

Some college 160 (22) 55 (23) 50 (20) 55 (23)

College graduate 303 (42) 102 (42) 104 (42) 97 (40)

Postgraduate 187 (26) 59 (24) 61 (25) 67 (28)

Age, years, No. (%)

, 35 70 (10) 21 (9) 27 (11) 22 (9)

35-39 155 (21) 55 (23) 49 (20) 51 (21)

40-44 180 (25) 54 (22) 63 (26) 63 (26)

45-49 164 (23) 60 (25) 53 (22) 51 (21)

50-54 103 (14) 35 (15) 30 (12) 38 (16)

551 53 (7) 16 (7) 21 (9) 16 (7)

Missing 3 0 2 1

Race/ethnicity, No. (%)

White 672 (93) 222 (93) 228 (93) 222 (92)

Non-White 52 (7) 17 (7) 16 (7) 19 (8)

Missing 4 2 1 1

Skin type, No. (%)

Very fair/fair 530 (74) 172 (73) 180 (75) 178 (75)

Olive/dark/very dark 184 (26) 64 (27) 60 (25) 60 (25)

Missing 14 5 5 4

Age at diagnosis, years, No. (%)

0-4 269 (37) 90 (37) 87 (36) 92 (38)

5-9 165 (23) 58 (24) 55 (22) 52 (21)

10-14 159 (22) 54 (22) 52 (21) 53 (22)

151 135 (19) 39 (16) 51 (21) 45 (19)

Diagnosis, No. (%)

Bone cancer 43 (6) 13 (5) 13 (5) 17 (7)

CNS 48 (7) 18 (7) 16 (7) 14 (6)

Hodgkin lymphoma 150 (21) 45 (19) 53 (22) 52 (21)

Kidney (Wilms) 104 (14) 34 (14) 31 (13) 39 (16)

Leukemia 203 (28) 70 (29) 64 (26) 69 (29)

Neuroblastoma 43 (6) 13 (5) 18 (7) 12 (5)

Non-Hodgkin lymphoma 68 (9) 23 (10) 22 (9) 23 (10)

Soft tissue sarcoma 69 (9) 25 (10) 28 (11) 16 (7)

Chemotherapy, No. (%)

No 234 (33) 75 (32) 83 (35) 76 (32)

Yes 480 (67) 162 (68) 155 (65) 163 (68)

Missing 14 4 7 3

(continued on following page)
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groups (Table 2, Fig 2; adjusted analyses provided in
Appendix Table A1, online only). Among survivors ran-
domly assigned to the PAE only group, participant-reported
physician skin examination within 12 months increased
from 23.8% at baseline to 39.1% (RR, 1.65; 95% CI, 1.32
to 2.08). For survivors randomly assigned to the PAE1MD
group, physician skin examination increased from 23.9% to
38.5% (RR, 1.56; 95%CI, 1.25 to 1.97) and for those in the
PAE1MD1 TD group, there was an increase from 24.1%
to 45.6% (RR, 1.89; 95% CI, 1.51 to 2.37; Table 2). There
was no statistically significant difference in the rate of in-
crease across the three intervention groups (P 5 .49).

In the PAE group, SSE increased from 28.8% at baseline to
51.2% at 12-month follow-up (RR, 1.81; 95% CI, 1.47
to 2.23) and to 49.5% at 18months (RR, 1.75; 95%CI, 1.42
to 2.16). In the PAE 1 MD group, SSE increased from 31%
at baseline to 50% at 12 months (RR, 1.59; CI, 1.33 to 1.90)
and to 57.6% at 18 months (RR, 1.85; CI, 1.52 to 2.26). In
the PAE 1 MD 1 TD group SSE increased from 29.4% at
baseline to 53.3% at 12 months (RR, 1.76; CI, 1.43 to 2.17)
and to 58.4% at 18 months (RR, 1.95; CI, 1.59 to 2.40).
There was no statistically significant difference in the rate of
increase across the three groups (P 5 .43).

Among survivors assigned to PAE, the mean number of body
parts self-examined increased from 2.4 at baseline to 4.3 at
12months (relative rate, 1.76; 95%CI, 1.52 to 2.04) and to 4.5
at 18 months (relative rate, 1.77; 95% CI, 1.52 to 2.07). For
PAE1MD, the mean increased from 2.5 at baseline to 4.0 at
12 months (relative rate, 1.61; CI, 1.39 to 1.86) and to 4.2 at
18months (relative rate, 1.69; CI, 1.43 to 1.98). Survivors in the
PAE1MD1TD intervention group reported an increase in the
mean number of body parts self-examined from2.3 at baseline
to 4.5 at 12months (relative rate, 1.95; CI, 1.67 to 2.29) and to
4.7 at 18 months (relative rate, 2.03; CI, 1.73 to 2.38). There

was no statistically significant difference in the rate of increase
across the three intervention groups (P 5 .43). The results
were unchanged when accounting for data missingness.

Sensitivity Analysis

At baseline, there were 536 nonadherers with respect to
PSE, 490 with respect to SSE and 334 with respect to BSE
(ie, indicated zero number of body parts examined). There
was a statistically significant increase from baseline to the
12-month follow-up within each of the three arms, but no
statistically significant difference in the rate of the increase
between the arms (P values for interactions are .387, .062,
and .576, respectively).

Exploratory Analyses With Cancer Outcomes

At 12 months, 103 participants in the PAE arm had un-
dergone at least one clinical skin examination, with 21 un-
dergoing at least one biopsy and seven self-reporting a
diagnosis of cancer (basal cell, squamous cell, melanoma
in situ, ormelanoma). In the PAE1MDandPAE1MD1 TD
arms, 110 and 123 participants, respectively, underwent at
least one clinical skin examination. Among these, 28 and 35
patients underwent at least one biopsy, with 12 and seven
self-reported cancer diagnoses, respectively.

Adherence to Protocol Assessment and Patient

Activation Levels

Adherence to the intervention was similar across the three
intervention groups (Table 3). Sixty-eight percent of the PAE
and PAE1MD groups reported having read some or all of the
study print materials, as did 75% of the PAE 1 MD 1 TD
group. Text messages were read by 78%, 76%, and 81% of
groups, respectively, and the ASK website was reviewed by
34%, 35%, and 40%, respectively. Among survivors randomly
assigned to PAE 1 MD 1 TD, 17% of participants sent

TABLE 1. Demographic, Primary Cancer, and Treatment Characteristics by Treatment Arm (continued)
Variable Overall PAE PAE 1 MD PAE 1 MD 1 TD

Max RT dose, Gy, No. (%)

, 20 179 (25) 65 (28) 60 (25) 54 (23)

20-39 332 (47) 109 (47) 101 (43) 122 (51)

$ 40 195 (28) 59 (25) 75 (32) 61 (26)

Missing 22 8 9 5

Patient activation measure, No. (%)

Level 1 71 (10) 22 (9) 20 (8) 29 (12)

Level 2 99 (14) 36 (15) 33 (14) 30 (13)

Level 3 308 (43) 106 (45) 99 (41) 103 (43)

Level 4 234 (33) 71 (30) 87 (36) 76 (32)

Missing 16 6 6 4

NOTE. Level 15 believing that taking an active role as a patient is important; level 25 having the confidence and knowledge necessary to take action; level
3 5 taking action to maintain and improve one’s health; level 4 5 staying the course even under stress.
Abbreviations: GED, graduate equivalency degree; PAE, patient activation and education; PAE 1 MD, patient activation and education, with physician

activation; PAE 1 MD 1 TD, patient activation and education, with physician activation, and teledermoscopy; RT, radiation therapy.
aComputations do not include missing data.
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TABLE 2. Trial Efficacy Analyses, Unadjusted Models

Variable

BL 12 Months 18 Months BL to 12 Months BL to 18 Months

Total, No. Count (%) Total, No. Count (%) Total, No. Count (%) RR 95% CI RR 95% CI

Participant-reported physician skin examination
in the past 12 months

PAE 239 57 (23.8) 207 84 (39.1) — — 1.65 1.32 to 2.08 — —

PAE 1 MD 243 58 (23.9) 213 84 (38.5) — — 1.56 1.25 to 1.97 — —

PAE 1 MD 1 TD 241 58 (24.1) 204 97 (45.6) — — 1.89 1.51 to 2.37 — —

P value for
interactiona 5 .49

Participant-reported skin self-examination
in the past 2 months

— —

PAE 236 68 (28.8) 213 109 (51.2) 220 109 (49.5) 1.81 1.47 to 2.23 1.75 1.42 to 2.16

PAE 1 MD 239 74 (31.0) 216 108 (50.0) 217 125 (57.6) 1.59 1.33 to 1.90 1.85 1.52 to 2.26

PAE 1 MD 1 TD 238 70 (29.4) 210 112 (53.3) 214 125 (58.4) 1.76 1.43 to 2.17 1.95 1.59 to 2.40

P value for
interactiona 5 .43

Range Mean Mean Mean Relative Rate Relative Rate

Participant-reported body parts self-examined
in the past 2 months

PAE 0-9 2.4 4.3 4.5 1.76 1.52 to 2.04 1.77 1.52 to 2.07

PAE 1 MD 0-9 2.5 4.0 4.2 1.61 1.39 to 1.86 1.69 1.43 to 1.98

PAE 1 MD 1 TD 0-9 2.3 4.5 4.7 1.95 1.67 to 2.29 2.03 1.73 to 2.38

P value for
interactiona 5 .43

Abbreviations: BL, baseline; PAE, patient activation and education; PAE 1 MD, patient activation and education, with physician activation; PAE 1 MD 1 TD, patient activation and education, with
physician activation, and teledermoscopy; RR, relative risk.

aInteraction 5 group 3 time interaction.
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dermoscopic images to the study website. For descriptive
purposes, participants with missing adherence data were
treated as nonadherent and includedunder the none category.

Patient activation level, which assessed overall engagement
in one’s health care rather than skin cancer–specific ac-
tivities, was also similar across the study groups (Table 4).
At baseline, activation levels including taking an active role
and staying the course even under stress were reported by
75%, 76%, and 75% within the PAE, PAE 1 MD, and
PAE 1 MD 1 TD groups, respectively. These rates were
maintained at 12 and 18 months after intervention.

DISCUSSION

In this randomized controlled comparative effectiveness
trial among survivors of childhood cancer at high risk for
skin cancer after radiotherapy exposure, there was no
statistically significant evidence of a difference in increased

surveillance for skin cancer across the three intervention
groups, suggesting that the use of additional provider
activation and teledermoscopy did not increase rates of
screening over patient activation alone. However, with an
observed consistently modest increase in screening for both
physician skin examination and SSE in all three groups, it
appears that patient activation in the form of printmaterials in
combination withmHealth strategies (text messages and use
of the ASK website) significantly improves screening rates.

By comparison, prior prevention studies among other
populations at increased risk for melanoma showed in-
consistent results. For example, several clinical trials
conducted among individuals at high risk for melanoma
(patients and first-degree relatives of patients with mela-
noma, men age. 50 years) using a 12-month follow-up or
longer found increased rates of SSE in the intervention
groups compared with control groups,25-28 while others
did not.29,30 Characteristics of successful interventions

Time (months)

Ph
ys

ic
ia

n 
Sk

in
 E

xa
m

in
at

io
n 

(%
)

Baseline 12 18

0

20

40

60

80

100
Arm 1

Arm 2

Arm 3

0

20

40

60

80

100

Time (months)
Sk

in
 S

el
f-E

xa
m

in
at

io
n 

(%
)

Baseline 12 18

Arm 1

Arm 2

Arm 3

Time (months)

Bo
dy

 P
ar

ts
 E

xa
m

in
ed

 (m
ea

n)

Baseline 12 18

0

1

2

3

4

5

6

7

8

9
Arm 1

Arm 2

Arm 3

A B C

FIG 2. Visual representation of within-arm changes throughout the study: (A) physician skin examination in the past 12 months, (B) skin
self-examination in the past 2 months, and (C) body parts self-examined in the past 2 months. Arm 15 PAE, arm 25 PAE1MD, and
arm 35 PAE1MD1 TD. PAE, patient activation and education; PAE1MD, patient activation and education, with physician activation;
PAE 1 MD 1 TD, patient activation and education, with physician activation, and teledermoscopy.

TABLE 3. Descriptive Measures Assessing Adherence to Protocol, Reported by Study Arm

Arm

How Many of the ASK Print Materials Did
You Read?a

HowMany of the 13 ASK Text Messages Did
You Read?b

Did You Visit the ASK
Website?c

All, % Some, % None, % All, % Some, % None, % Yes, % No, %

PAE 35.6 31.9 32.4 44.4 33.8 21.8 33.8 66.2

PAE 1 MD 39.2 28.6 32.3 45.2 30.9 24.0 34.6 65.4

PAE 1 MD 1 TD 42.0 32.5 25.5 54.2 26.4 19.3 40.1 59.9

Abbreviations: ASK, Advancing Survivors’ Knowledge; PAE, patient activation and education; PAE1MD, patient activation and education, with physician
activation; PAE 1 MD 1 TD, patient activation and education, with physician activation, and teledermoscopy.

a160 (24.8%) had missing data and were placed in the none category.
b120 (18.6%) had missing data and were placed in the none category.
c14 (2.2%) had missing data and were placed in the no category.
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TABLE 4. PAM Levels, by Treatment Arm

Variable

All Study Participants, Baseline Study Participants With 12-Month Data Study Participants With 18-Month Data

Overall, No.
(%)a

PAE, No.
(%)a

PAE 1 MD,
No. (%)a

PAE 1 MD 1 TD,
No. (%)a

Overall, No.
(%)a

PAE, No.
(%)a

PAE 1 MD,
No. (%)a

PAE 1 MD 1 TD,
No. (%)a

Overall, No.
(%)a

PAE, No.
(%)a

PAE 1 MD,
No. (%)a

PAE 1 MD 1 TD,
No. (%)a

Total PAM 728 241 245 242 645 216 217 212 655 221 219 215

Level 1 71 (10) 22 (9) 20 (8) 29 (12) 65 (10) 20 (9) 16 (8) 29 (14) 64 (10) 22 (10) 17 (8) 25 (12)

Level 2 99 (14) 36 (15) 33 (14) 30 (13) 84 (13) 29 (14) 31 (15) 24 (11) 91 (14) 31 (14) 33 (15) 27 (13)

Level 3 308 (43) 106 (45) 99 (41) 103 (43) 275 (43) 97 (46) 87 (41) 91 (43) 274 (43) 97 (45) 85 (40) 92 (43)

Level 4 234 (33) 71 (30) 87 (36) 76 (32) 209 (33) 65 (31) 78 (37) 66 (31) 213 (33) 66 (31) 78 (37) 69 (32)

Missing 16 6 6 4 12 5 5 2 13 5 6 2

NOTE. Level 15 believing that taking an active role as a patient is important; Level 25 having the confidence and knowledge necessary to take action; Level 35 taking action to maintain and improve
one’s health; Level 4 5 staying the course even under stress.

Abbreviations: PAE, patient activation and education; PAM, patient activation measure; PAE 1MD, patient activation and education, with physician activation; PAE1 MD 1 TD, patient activation and
education, with physician activation, and teledermoscopy.

aComputations do not include missing data.
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included modality of delivery (website or video, with re-
minders), intervention content tailored to personal char-
acteristics (eg, screening history and personal motivation),
and intervention duration (12 months).25-28 A 2018 sys-
tematic review on mHealth interventions for skin cancer31

found that among trials in the general population, text
messages and personalized e-mails with reminders were
effective in increasing rates of sun protection32,33 and skin
surveillance behaviors,34 but phone applications were less
effective.35,36 For interventions delivered via text mes-
saging and personalized e-mails, reported mediators of
effect included self-efficacy and motivation to perform
sun-protective behaviors33; moderators of effect included
age (, 32 years), skin phenotype (fair and very fair), and
planning at baseline to perform skin examinations.34 In the
single trial examining the feasibility of using a dermoscope
at home, 94% people reported the tool was easy to use
and 86% reported it motivated them to check their skin,
18% had difficulty photographing hard-to-reach areas,
and 35% needed assistance forwarding the images.37

It appears likely that among survivors of childhood cancer
treated with radiation, who are at high risk for skin cancer,
patient activation print materials used in combination with
mHealth strategies (ie, text messaging and ASK website) are
at least as effective at promoting skin cancer screening
behaviors as other more resource-intensive strategies. These
findings provide clear direction for future implementation
and dissemination as the intervention with the lowest re-
source requirements, PAE, should have greater potential for
successful uptake and effectiveness as more involved in-
terventions targeting physician engagement or dermoscopy.

In the current trial, approximately two thirds of participants
read the print materials and text messages, while only one
third accessed the ASK website, providing guidance for
future tailoring. Our rate of adherence to website inter-
ventions is slightly higher than those found in prior studies
of website utilization for skin cancer prevention trials that
are generally low (eg, 19% at 3-week follow-up and 23% at
12-week follow-up).38 Furthermore, in the PAE1MD1 TD

arm, only a minority of patients (, 20%) sent dermoscopic
images for further evaluation. This could be attributable
to a low incidence of problematic moles or lesions, low
self-efficacy for identifying problematic lesions, confidenti-
ality concerns about sharing personal data, or mistrust of
dermoscopy as a viable mHealth strategy to facilitate self-
detection of skin cancer. Any one of these factors could have
contributed to the lack of differential effect across groups.

A number of limitations need to be considered. Participants
in this trial were members of the CCSS cohort, which may
not be representative of all survivors of childhood cancers.
Participating survivors are largely similar in their distribution
of key demographic characteristics to the population-based
SEER database but might not be representative in terms of
routine/ongoing screening and follow-up care, and level
of compliance.39 Second, this trial used patient-reported
outcomes, which may be influenced by social desirability
bias and recall bias, and the items used to assess the
behavioral outcomes were not specifically referring to the
area of the skin exposed to radiation. Third, in this com-
parative effectiveness study, we used two active arms and
one active comparator, but did not include a true, nonactive
control arm. Although it is impossible to evaluate the exact
impact of this design choice, we believe a true control
would be unlikely to have measurably changed the trial
results, given the low rate (23%-24%) of physician skin
examination and SSE at baseline.

In conclusion, although there were no differences found
between the intervention groups, which were designed to
incrementally include more resources, the rates of physi-
cian and SSE increased more than 1.5-fold in all three
groups. On the basis of our findings, for survivors of
childhood cancer treated with radiation, we recommend
that future implementation trials of early detection of skin
cancer using self- and provider-administered skin exami-
nations be centered on low-cost patient activation strategies
including a combination of print and mHealth strategies
(texting and website) similar to those found to be effective in
the current study.
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APPENDIX

TABLE A1. Adjusted Regression Models

Variable

Baseline to 12 Months Baseline to 18 Months

RR 95% CI RR 95% CI

Participant-reported physician skin
examination in the past 12
months

PAE 1.62 1.30 to 2.03 — —

PAE 1 MD 1.53 1.22 to 1.91 — —

PAE 1 MD 1 TD 1.87 1.50 to 2.32 — —

P value for interactiona 5 .43

Participant-reported skin
self-examination in the past 2
months

PAE 1.83 1.49 to 2.25 1.74 1.41 to 2.14

PAE 1 MD 1.61 1.34 to 1.93 1.91 1.57 to 2.33

PAE 1 MD 1 TD 1.74 1.41 to 2.14 1.97 1.60 to 2.42

P value for interactiona 5 .24

Relative Rate 95% CI Relative Rate 95% CI

Participant-reported body parts
self-examined in the past 2
months

PAE 1.76 1.52 to 2.04 1.77 1.52 to 2.07

PAE 1 MD 1.61 1.39 to 1.86 1.68 1.43 to 1.98

PAE 1 MD 1 TD 1.95 1.67 to 2.29 2.04 1.74 to 2.39

P value for interactiona 5 .41

NOTE. Adjusted for sex, age at baseline, skin color (fair/very fair v other), and education.
Abbreviations: PAE, patient activation and education; PAE 1 MD, patient activation and education, with physician activation; PAE 1 MD 1 TD, patient

activation and education, with physician activation, and teledermoscopy; RR, relative risk.
aInteraction 5 group 3 time interaction.
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FIG A1. Final recruitment status for the ASK intervention trial. PCP, primary care physician.
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