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Abstract

Because rates of skin cancer are greater among adult survivors of childhood cancer who received
radiation therapy than the general population, the National Cancer Institute recommends skin
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selfexaminations and annual physician examination. There has been no comprehensive assessment
of survivor’s adherence with skin cancer screening guidelines associated with skin self-
examination (SSE) and physician whole-body skin examination (PSE). We conducted a cross-
sectional survey of radiation-treated, adult five-year survivors of childhood cancer, diagnosed
between 1970-1986, in the Childhood Cancer Survivor Study (CCSS) cohort. Multivariate
multinomial logit regression investigated the association between demographic, cancer diagnosis,
patient activation, cancer treatment characteristics, and skin cancer screening practice. Among 728
survivors, 13.1% reported having had performed SSE in the prior 2 months plus received PSE in
the prior 12 months, while 16.4% and 11.0% reported having had only a SSE or a PSE,
respectively; 59.5% of survivors reported having had neither. Participants at the highest patient
activation score were most likely to report SSE+PSE compared with neither (aRRR 4.16, 95% ClI
1.34-12.85). Most adult survivors of childhood cancer who underwent radiation therapy do not
practice strategies that promote early detection of skin cancer. Interventions designed to activate
survivors to increase screening are needed.

Keywords
skin cancer; childhood cancer; survivor; radiation; early detection; patient activation

Introduction

With improvements in therapy designed to increase survival and reduce late mortality there
are now greater than 420,000 adult survivors of childhood cancer in the United States
(Robison and Hudson, 2014, Armstrong et al, 2016). Advances in the diagnosis and
treatment of children with cancer have contributed to an overall five-year survival rate that
currently exceeds 80%. 3 However, survivors are at risk for late effects of childhood cancer
treatment, including an increased risk for subsequent neoplasms; most frequently occurring
within a radiation field. (Turcotte et al, 2017)

Skin cancers, primarily basal cell carcinomas (BCCs), are the most common subsequent
neoplasm, representing an estimated 58% of subsequent cancers. (Watt et al 2012, Friedman
et al 2010, Braam et al, 2010, Perkins et al, 2005), Adult survivors of childhood cancer
under age 35 years who were treated with radiation have nearly a 40-fold increased risk for
non-melanoma skin cancer and nearly a 2.5-fold higher risk for melanoma compared with
the general population (Watt et al, 2012, Pappo et al, 2013)

Because of the high rates of skin cancer among childhood cancer survivors, in April 2012
and again in April 2016, the National Cancer Institute released a PDQ® (evidence-based
data summary) recommending the use of an annual dermatological exam to screen for early-
onset skin cancer (National Cancer Institute, 2012 and National Cancer Institute 2016).
Additionally, the Children’s Oncology Group, a National Cancer Institute supported clinical
trials consortium, in its Long-Term Follow-Up Guidelines for Survivors of Childhood,
Adolescent and Young Adult Cancers , endorsed screening for early-onset skin cancer,
recommending an annual dermatological exam focusing on skin lesions and pigmented nevi
in the radiation field, monthly skin self-examination, and adherence to behaviors protecting
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the skin from excessive ultraviolet radiation exposure (Landier et al, 2004). Despite these
clear risks and recommendations, in a previous study of survivor’s skin cancer early
detection practices conducted in 2009, fewer than 30 percent of adult survivors of childhood
cancer had received a physician skin cancer exam; there was no information on skin self-
examination (Buchanan et al, 2009). Thus, it appears that there is a large gap between
recently stated guidelines and early detection practices of this at-risk population.

We describe the prevalence of and factors associated with performance of a skin self-
examination (SSE) in the last two months and receipt of a physician whole-body skin exam
(PSE) in the last 12 months among a population of radiation-treated adult survivors of
childhood cancer. These results are reported from the baseline survey of a large randomized
intervention trial designed to improve skin cancer early detection rates. We also explored
whether patient activation variables, awareness of basic warning signs of skin cancer, risk
perception, and self-efficacy to perform a skin self-examination, were cross-sectionally
associated with performance of SSE and/or PSE.

Among 728 ASK participants, the median age at enrollment was 44 years (range 30-65
years), median age at diagnosis of childhood cancer was 7 years (range 0-20 years) and time
from diagnosis to participation in the study was a median of 36 years (range 29-46 years).
Forty-seven percent were male, 70% had at least a college degree and 73% had fair or very
fair skin. Ninety-two percent were white. There were no differences between the participants
(n=728) and non- participants (n=474) with the exception that participants had higher risks
of post-graduate education (aRRR 1.48, 95% CI 1.09-2.01) (Table 1). Of the 709 survivors
with non-missing outcome information, 13.1% reported having SSE+PSE, while 16.4% and
11.0% only reported having had a SSE only and PSE only, respectively; 59.5% of survivors
reported not having had either.

Factors associated with skin cancer practice

Female survivors were more likely than males to complete SSE (aRRR 1.72, 95% ClI
1.04-2.82) and survivors with older age (ages 55+)(aRRR 28.33 (95% CI 3.7-217.15) and a
postgraduate education were more likely to have a PSE than those with a high school
education (aRRR 3.63, 95% CI 1.24-10.66) (Table 2) . Notably, survivors who received
higher doses of radiation (20-39 Gy, and =40Gy) did not have statistically significant
increases in SSE, PSE or both, compared to those with <20 Gy. However, patients with the
highest level of activation had an increased likelihood of SSE (aRRR 3.83, 95% CI 1.47-10)
and SSE+PSE (aRRR 4.16, 95% CI 1.34-12.85).

Prior and recent history of skin cancer screening

Having seen a dermatologist in the past two years was associated with increased PSE (aRRR
31.79, 95% CI 15.43-65.5) and SSE+PSE (aRRR 24.91, 95% CI 12.99-47.8). (Figure 1, e-
table 1). Only 26% of patients routinely prepared a list of questions for their physicians at a
routine visit and only 13% asked about cancer screenings that they may need (52% almost
never or never do so) (data not shown). Participants who almost never or never prepared a
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list of concerns for routine health care visits were less likely to report SSE only (aRRR 0.38,
95% CI 0.19-0.73) or SSE+PSE (aRRR 0.12, 95% CI .05-0.31.) Likewise, those who almost
never/never asked about screening during routine health care visits were least likely to report
SSE only (aRRR 0.20, 95% CI 0.09-0.42) or SSE+PSE (aRRR 0.06, 95% CI 0.03-0.13).
Physician exams were provided to only 36 of the 580 (6.2%) people who did not ask for an
exam, while of the 141 participants who reported requesting such an exam, 137 received one
(97.2%)(data not shown).

Risk perception, self-efficacy, and current SSE and PSE practices

Being very confident in asking for a skin exam once a year was highly associated with PSE
only (aRRR 6.76, 95% CI 2.59-17.63) or SSE+PSE (aRRR 5.43, 95% Cl 2.26-13.04);
(Figure 2, e-Table 2). Understanding that it was important to regularly check the skin (aRRR
11.31, 95% CI 2.67-47.87), strongly agreeing that one can do a thorough check (aRRR 5.80,
95% CI 2.26-14.87) and that one knows what to look for when examining the skin (aRRR
6.00, 95% CI 1.9=18.93) were all strongly associated with completing SSE+PSE.

Ninety-eight percent of participants had insurance. More than 90% of participants had ever
had a blood pressure measurement and a Pap smear. Seventy-seven percent had a flu shot
while 71% of female participants had a mammogram. With the four-level skin exam
outcome, we included whether they had a flu shot in the multivariable multinomial
regression and found it to not be statistically significant (p=0.993). We also evaluated the
contribution of having a mammogram and found it to not be statistically significant
(p=0.314). Only 10% of the participants indicated having seen a cancer survivorship care
provider in the past two years.

Discussion

We provide the first report from the CCSS cohort to evaluate rates of SSE and PSE practices
of adult survivors of childhood cancer since the publication and dissemination of
recommendations for periodic screening. Despite clear guidance provided in these
recommendations, 59.5% of survivors, not previously diagnosed with skin cancer, reported
not having had either SSE or PSE. This report extends our knowledge of skin cancer
screening practices of childhood cancer survivors by providing rates of SSE and factors
associated with SSE+PSE not previously known and identifies major gaps in screening that
remain despite the release of NCI and COG guidance to screen survivors for skin cancer.

While PSE rates were low among ASK participants (24.1% when PSE only and SSE+PSE
are considered together), they were higher than those of the general US population,
estimated to be 16% for PSE (Coups et al, 2010), providing some indication of greater early
detection awareness among this subset of survivors. Likewise, SSE was considered
performed if it were the only early detection practice or also done with PSE, rates for SSE
were 29%, higher than general population rates of 18% in the only other large-scale study
that asked about skin self-exams during the prior two months (Martin et al, 2007) However,
given that radiation-treated survivors are a high-risk population for subsequent skin cancers,
these data provide evidence that efforts are needed to improve screening rates.

J Invest Dermatol. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Geller et al.

Page 6

Skin cancers, primarily basal cell carcinomas (BCCs), are the most common subsequent
neoplasm among adult survivors of childhood cancer. However, there are no data on the
clinical presentation and aggressiveness of BCCs among adult survivors of childhood cancer
compared to that in the general population. Because of the disproportionate burden of skin
cancer among this population, the early detection of BCCs may be particularly important for
adult survivors of childhood cancer. Among individuals in the general population, cutaneous
BCCs have poorer outcomes if treated when the diameter is large (Kricker et al, 2014,
Chinem and Miot 2011, Weinstock and Still 2011, Hassanpour et al, 2006, Brown and
Rzucidlo 2011, Allison, 1984). For example, Kricker et al. found that larger BCCs were
identified among patients without a physician skin exam (Kricker et al, 2014) and concluded
that earlier diagnosis of BCCs, perhaps through physician skin exams, may result in smaller
size, earlier detection, and improved outcomes.

Skin cancer presents a unique opportunity as it and its precursors can be seen by the patient,
their providers, and significant others (Koh et al, 1992, Berwick et al 1996, American
Academy of Dermatology, 2012, Abbasi et al 2004, Geller et al, 2004). Therefore,
professional and public educational programs that work to teach SSE and encourage patients
to alert their physicians to skin changes provides a key opportunity for education, activation,
and early detection. Thorough skin self-examination, although only practiced by 15% of
participants, reduced mortality due to melanoma by an estimated 60% in one major case-
control study (Berwick et al, 1996). The American Academy of Dermatology has
recommended the practice of SSE to detect new and or changing lesions (American
Academy of Dermatology, 2012) and individuals are encouraged to perform SSEs regularly
(for example, monthly) using the ABCDE (Asymmetry, Border, Color, Diameter, Evolution)
algorithm (Abbasi et al, 2004). A national study of US physicians indicated that they were
more inclined to screen when requested to do so by their patients (Geller et al, 2004), as
suggested herein.

Among the many factors associated with less than optimal adherence to SSE and PSE, we
identified gaps in patient activation. Related to health care visits in general, few patients
routinely prepared a list of questions for their physicians at a routine visit and fewer still
asked about cancer screenings that they may need (52% almost never or never do so).
Conversely, the fact that patients who frequently prepared a list of concerns for their routine
health care visit were far more likely to do SSE and receive a PSE speaks to the importance
of patient education and activation. Furthermore, the fact that nearly all participants who
asked for an exam received one indicated the positive effects of a model that supports and
encourages patient activation. Activated patients who are prepared to take a key role, such as
asking their physician for a whole-body skin exam, typically receive better care, have better
health outcomes and reduced health care costs (Hibbard et al, 2007).

Of note, for the planning of future interventions, female survivors were more likely than
males to complete SSE; older survivors and those with a postgraduate education were more
likely to have a PSE than those with a high school education. While conducting a physician
skin examination of men, physicians can use the opportunity to counsel about the
importance of the complementary practice of examining one’s skin for changes in any
component of the ABCDE rule noted above. Interestingly, participants with higher doses of
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radiation were no more likely to practice early detection indicating future pathways for
targeted education.

Early detection of skin cancer requires a three-pronged approach: patient vigilance in
observing for changes in moles and lesions, patient request of a skin exam, and physician
examination and referral. However, surveys of high-risk patients rarely examine factors
associated with SSE+PSE. Notably, we found that many factors associated with SSE were
also relevant for PSE providing an indication that educational efforts to raise awareness
could improve both practices. This study also revealed higher rates of SSE and PSE for
patients who saw the importance of a regular skin check, reported confidence in doing a skin
check, and were more likely to report that they knew what to look for when examining their
skin.

A number of limitations should be considered. First, participants may not be representative
of the larger survivor population with respect to early detection of skin cancer. However,
eligible survivors in the CCSS cohort are largely similar in their distribution of key
demographic characteristics to survivors in the population-based SEER database (Phillips et
al, 2015). Second, our results must be interpreted within the context of a single cross-
sectional analysis. Thus, there is always the possibility that for some participants their
practice of the skin cancer examination preceded their reported confidence for doing the
exam rather than confidence being an antecedent to screening. However, the associations
provided in our analysis may be helpful in understanding and exploring avenues for
intervention development. Finally, the outcomes SSE and PSE are self-reported without
verification of the physician visit.

Conclusion

Methods

Despite the fact that survivors of childhood cancer who received radiation therapy are at
high risk for skin cancer, we identified low rates of SSE and PSE. However, higher rates of
SSE+PSE were observed among the most activated participants. Many findings from the
baseline study, including the role of patient activation were fundamental to the ongoing
randomized, controlled trial designed to enhance skin self-examination and increase requests
for a physician examination of the skin.

Participants in the CCSS exposed to radiation therapy were invited to participate in a
randomized intervention trial entitled Advancing Survivors’ Knowledge about Skin Cancer
(ASK), designed to improve performance of SSE and PSE for skin cancer. Eligibility criteria
included: (1) current age of 18 years or older; (2) treated with radiation for childhood cancer
between 1970 and 1986; (3) having seen their primary care physician or oncologist in the
previous two years or planning to do so in the next year; (4) having no previous history of a
skin cancer diagnosis, and (5) access to a smartphone. Overall, 1,202 CCSS participants
were eligible for the trial of whom 728 (61%) provided informed consent and completed the
baseline survey between March 2015 and July 2016. For those who completed the survey by
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paper, written, informed patient consent was provided; for those online, participants would
click a box indicating their consent, and phone respondents used a consent script and then
documented the consent in the CCSS database.

The study () protocol was reviewed and approved by the Institutional Review Board of
Harvard TH Chan School of Public Health and St. Jude Children’s Research Hospital.
Datasets related to this article can be found at https://ccss.stjude.org/ and accessed through
collaboration with the Childhood Cancer Survivor Study. The data cannot be posted for
confidentiality reasons but researchers would be free to contact the data source (i.e. CCSS)
and the code can be provided if asked for.

Outcome Variables

Covariates

The primary outcome was a four-level “skin cancer practice” indicator of whether the patient
reported: neither a SSE in the prior 2 months nor a PSE in the prior 12 months; a SSE in the
prior 2 months only; a PSE in the prior 12 months only; or, both. SSE was assessed via the
question: “How many 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?”
Responses included never, once, and 2 or more times, with the latter two levels combined to
give responses of never vs at least once. PSE was assessed by the question: “In the past 12
months, has your regular health care provider or your dermatologist carefully examined your
whole body for any sign of skin cancer?” Responses were yes or no.

For this analysis, a range of factors derived from conceptual models for early detection of
skin cancer (Swetter et al, 2012, Pollitt et al, 2009) were considered, including:
demographics and physical features (sex, age at diagnosis, age at survey, education, race/
ethnicity and color of participant’s untanned skin ), skin cancer-related encounters with
physicians and self-detection (saw dermatologist in last 2 years, asked physician to check
whole body in past 12 months, patient activation score (assessed by the 13 point Patient
Activation Measure (Hibbard et al 2005) that gauged the knowledge, skills, and confidence
in managing one’s health scored from 1 to 4 with 4 as the highest) and whether the patient
prepared a list of questions for the physician or asked about cancer screenings that they may
need; awareness. (heard about ABCDE rule for melanoma); risk perception (likelihood of
developing skin cancer compared to average person your age, the likelihood of developing
skin cancer in the future, seriousness of a skin cancer diagnosis); se/f-efficacy (confidence in
doing a thorough check, knowing what type of moles to look for), confidence in ability to
take care of one’s health, in asking for physician skin exam once a year, in telling the
difference between melanoma and freckles/moles, and in knowing the importance of
regularly checking one’s skin.

Primary childhood cancer diagnosis and chemotherapy and radiotherapy exposures were
identified through detailed medical record abstraction. For participants who underwent
radiotherapy, the maximum tumor dose (maxTD) for seven body regions (brain, other head,
neck, chest, abdomen, pelvis, and extremities) was determined. The maxTD was defined as
the maximum prescribed dose within each region, which is taken as the total prescribed dose
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from all overlapping fields within the treated region. (Stovall et al, 2006) Participants were
classified according to maximum radiation dose received to any body region (classified as
<20, 20-39, and >=40 GY).. Chronic conditions were graded and categorized as 0, 1-2 (mild
or moderate) and 3-4 (severe, disabling, or life-threatening) according to the Common
Terminology Criteria for Adverse Events (version 4.02) (National Cancer Institute 2010,
Oeffinger 2006).

Statistical Analysis

To assess the generalizability of results based on patients enrolled in ASK, multiple logistic
regression analyses were conducted to investigate differences between participants and non-
participants. Total counts were calculated for each independent measure across possible
responses of the four-level skin cancer practice outcome. A multiple multinomial baseline
category logit regression was then used to investigate the associations between demographic,
cancer diagnosis, and cancer treatment variables, and skin cancer practice (Faraway 2016).
For this model, three sets of adjusted relative risk ratios (aRRR) are reported, one for each of
the outcome levels “SSE only”, “PSE only” and “Both”, with the “Neither SSE nor PSE”
used as the baseline outcome category. To interpret the aRRR consider the relationship
between sex and the four-level outcome. Specifically consider the risk of “SSE only”
relative to “Neither SSE nor PSE”: RR(female) = P(SSE only | female)/ P(Neither SSE nor
PSE only | female). Furthermore consider the corresponding relative risk for males:
RR(male) = P(SSE only | male)/ P(Neither SSE nor PSE only | male). The aRRR indicates
the extent to which these risk ratios differ relative to each other. If, for example, the aRRR >
1.0, then the risk ratio for “SSE only” vs “Neither” is higher for females than for males;
females exhibit an increased skin cancer practice preference for “SSE only” versus
“Neither” compared to males. Correspondingly, if the female aRRR for the “PSE only”
outcome category is < 1.0, then females express decreased preference for “PSE only” versus
“Neither” compared to males. Finally, if the female aRRR for the “Both” outcome category
equals 1.0, then females express neither increased nor decreased preference for “Both”
versus “Neither” compared to males. A series of multinomial logit models were fit to
investigate a broad range of skin cancer related behavioral factors by additionally including
them one at a time into the main multivariable model. There was some missingness in the
outcome (n=19) and select covariates (range n=0 to n=22). Given the small degree of
missingness, complete-case analyses were conducted and reported.

All statistical analyses were performed in the R version 3.4 (R Core Team). Throughout,
associations between risk factors and the four-level outcome measure were evaluated for
statistical significance via a likelihood ratio test.
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Glossary
BCC Basal Cell Cancer
PSE Physician Skin Examination
SSE Skin Self-Examination
ASK Advancing Survivors’ Knowledge about Skin Cancer
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Figure 1 —. Prior and recent history of routine health visit and performance of SSE and PSE
Adjusted for sex, education, age (years), race/ethnicity, skin type, age at diagnosis,

diagnosis, chemotherapy (yes/no), Highest CTCAE Grade Chronic Condition, maximum
radiotherapy dose, patient activation
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Figure 2 —. Risk perception, self-efficacy, and performance of SSE and PSE
Adjusted for sex, education, age (years), race/ethnicity, skin type, age at diagnosis,

diagnosis, chemotherapy (yes/no), Highest CTCAE Grade Chronic Condition maximum

radiotherapy dose patient activation
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Table 1.

Baseline demographic and treatment characteristics of participants and non-participants

Overall Non-participants  Participants %i?’iiggggi (I?]r
N % N % OR 95% ClI
Total 1202 474 394 728 60.6
Sex
Female 635 246 519 389 534 1.00 REF
Male 567 228 481 339 46,6 093 (0.73,1.18)
Age at diagnosis, years
0-4 462 193 40.7 269 37.0 1.00 REF
5-9 268 103 217 165 22.7 113 (0.79,1.63)
10-14 256 97 205 159 21.8 0.98 (0.62,1.56)
15+ 216 81 171 135 185 0.91 (0.52,1.58)
Age at invitation, years
29-34 124 49 10.3 75 103 1.00 REF
35-39 253 100 211 153 210 0.88 (0.55,1.42)
40-44 317 130 274 187 25.7 0.73 (0.45,1.20)
45-49 276 111 234 165 22.7 0.70 (0.40,1.24)
50-54 157 59 12.4 98 135 0.74 (0.38,1.44)
55+ 75 25 53 50 6.9 0.89 (0.40,1.96)
Education
High School or less 107 45 9.5 62 85 093 (0.6,1.45)
Some College 278 126 266 152 209 1.00 REF
College Graduate 510 205 432 305 419 082 (0.61,1.11)
Post-Graduate 307 98 20.7 209 287 148 (1.09,2.01)
Race/ethnicity
White, Non-Hispanic 1091 419 88.4 672 92.3 1.00 REF
Black, Non-Hispanic 38 16 34 22 3.0 092 (0.47,1.80)
Hispanic 44 23 4.9 21 29 060 (0.32,1.11)
Asian, Non-Hispanic 20 11 2.3 9 1.2 047 (0.19,1.19)
Other 4 2 0.4 2 0.3 0.70 (0.09,5.25)
Missing 5 3 0.6 2 03 035 (005232
Diagnosis
Bone cancer 64 21 4.4 43 59 1.00 REF
Central Nervous System 92 44 9.3 48 6.6 051 (0.24,1.07)
Hodgkin lymphoma 218 68 143 150 206 0.98 (0.52,1.85)
Wilms tumor 182 78 165 104 143 052 (0.25,1.06)
Leukemia 350 147 31.0 203 279 056 (0.29,1.10)
Neuroblastoma 77 34 7.2 43 59 046 (0.20,1.02)
Non-Hodgkin lymphoma 108 40 8.4 68 9.3 0.72 (0.35,1.46)
Soft tissue Sarcoma 111 42 8.9 69 95 0.85 (0.43,1.67)
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Odds Ratio for

Overall  Non-participants Participants Participation
N % N % OR 95% ClI
Max RT dose in cGy
<2000 301 122 257 179 246 1.00 REF
2000-3999 535 203 428 332 456 0.99 (0.72,1.38)
4000+ 323 128 270 195 268 0.75 (0.45,1.25)
Unknown 43 21 4.4 22 3.0 0.70 (0.35,1.40)
Chemotherapy
No 387 153 323 234 321 1.00 REF
Yes 790 310 654 480 659 0.90 (0.67,1.20)
Unknown 25 11 23 14 19 073 (031,172
Number of chronic conditions
0 227 112 236 115 158 1.00 REF
1-2 532 198 418 334 459 156 (1.13,216)
3-4 443 164 346 279 383 156 (1.10,2.21)
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