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Abstract

Objective: Melanoma preventive interventions for children with familial risk are critically 

needed, because ultraviolet radiation (UVR) exposure and sunburn occurrence early in life are the 

primary modifiable risk factors for melanoma. The current study examined the feasibility and 

acceptability of a new, family-focused telehealth intervention for children with familial risk for 

melanoma and their parents. The study also explored changes in child sun protection and risk 

behaviors, sunburn occurrence, and objectively measured UVR exposure.

Methods: This was a prospective study with a single group design (n=21 parent-child dyads, 

children ages 8–17). Dyads were asked to participate in three in-person assessments and three live 

videoteleconference intervention sessions.
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Results: The intervention was feasibly delivered and the intervention content was acceptable to 

parents and children. The intervention was associated with improvements in child use of certain 

sun protection strategies over time and declines in child UVR exposure.

Conclusions: A telehealth-delivered, family-focused melanoma preventive intervention was 

feasibly delivered and was acceptable to parent-child dyads. Future melanoma preventive 

interventions for this at-risk population could incorporate eHealth technologies to facilitate 

improvements in use of sun protection and monitoring of UVR exposure. This trial was registered 

with Clinicaltrials.gov, number .
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Melanoma, the most lethal form of skin cancer, is the fifth most common cancer and was 

estimated to be diagnosed in more than 91,000 people in the United States in 2018.1 

Prevention of melanoma is a high priority, especially among at-risk populations.2 Children 

who have a parent with melanoma have a 2-fold increased lifetime risk for developing the 

disease compared to the general population (2.3% lifetime risk).1,3 These children have a 

unique opportunity to engage in melanoma preventive behaviors early in life, in order to 

mitigate their familial risk for melanoma.

Ultraviolet radiation (UVR) exposure and sunburn occurrence, particularly during 

childhood, are the only well-established modifiable risk factors for melanoma.4,5 It is 

estimated that as many as 90% of melanomas are caused by UVR exposure, and sunburns 

early in life increase risk for melanoma.5,6 Children, with the help of their parents or 

caregivers, should be advised to consistently engage in a range of sun protection behaviors 

and to avoid intentional tanning.5,7 Daily recommended sun protection behaviors include 

wearing protective clothing, a wide-brimmed hat and sunglasses, seeking shade, avoiding 

outdoor activity during peak UVR exposure hours (10 am-4 pm), and applying and 

reapplying sunscreen every 2 hours and after sweating or swimming.7 Unfortunately, 

children, including those with familial risk, do not regularly employ these recommended 

behaviors and sustain sunburns, thus increasing lifetime melanoma risk.5,8–12 Children and 

parents from families affected by melanoma experience barriers to child sun protection use, 

including lack of melanoma prevention knowledge and family modeling of sun protection 

use, and logistical challenges.9,13 In these families, higher levels of perceived barriers to sun 

protection predict lower child use of sun protection.12 Perceived barriers are therefore 

important to address because they could further compound risk for developing melanoma.

The two published interventions for children with a familial history of melanoma have 

primarily focused on parents and children under age 12.14,15 The interventions improved 

sunscreen application and re-application, protective clothing use, and hat use.14,15 Less 

emphasis has been placed on sunburns as an outcome; however, sunburn is important to 

target because childhood sunburns tie to melanoma later in life.16 Given that child sun 

protection behaviors require children and parents to work together to plan for and implement 

sun protection, interventions should involve both parents and children.9,13 There have not 
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yet been interventions for children with a familial risk for melanoma that have targeted 

parent-child dyads to foster collaboration on child sun protection.

Telehealth formats can be useful for delivering live interventions to parent-child dyads 

because they reach families in their own environment, could increase engagement among 

children,17 alleviate the burden on families of travelling to in-person programs, have 

potential for wider dissemination, and could be more cost-effective. Interventions that build 

on technology to support behavior change show promise,18,19 although have not yet been 

used with children with familial risk for melanoma.20

The current study was a single-group pilot with a small sample size, designed to determine 

the feasibility and acceptability of a new, family-focused telehealth intervention and to 

detect signals in changes in outcomes of interest among children at elevated risk for 

melanoma. The primary goals were to examine the feasibility and acceptability of the 

intervention for children with a parent with a history of melanoma and their parents. A 

secondary goal was to explore pre- to post-intervention changes in child sun protection, 

intentional tanning, sunburn occurrence, and objectively measured UVR exposure. We 

hypothesized that parents and children would report that child use of sun protection 

increased over time. The study included the collection of dyadic data from both parents and 

children in order to examine potential similarities and differences in their perspectives on 

intervention acceptability and child sun protection and tanning. The study also piloted an 

objective measure of UVR exposure among children to supplement self-reported measures 

and explored potential age differences in UVR exposure.

Methods

Participants

Parents and children from the same family were eligible to participate if the parent was the 

primary caregiver for a child between the ages of 8–17, and the child had a parent with a 

history of melanoma. A broad age range was selected in order to understand whether the 

intervention could be feasibly implemented among children of different ages. Families were 

recruited through a National Cancer Institute-designated Comprehensive Cancer Center in 

the Intermountain West of the United States via a registry of melanoma patients (n=1,383), 

participants in prior studies who agreed to be re-contacted (n=65), and social media (n=6). 

To maintain independence in analyses, only one parent, preferably the parent with a history 

of melanoma, was included. To facilitate family participation, if families had multiple 

eligible children, one or more children could participate. In families with multiple 

participating children, parents were asked to select which child had the most difficulty with 

implementing sun protection, and to maintain independence, only this child was included in 

analyses.

Procedures

Families were asked to participate in three in-person assessment visits (measures were 

completed via paper, computer, and via data download) and three video teleconference 

intervention sessions (see Online Supplemental Materials). The in-person visits consisted of 
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a pre-intervention assessment (Visit 1; April-September), a post-intervention assessment two 

weeks after the last intervention session and 8 weeks after Visit 1 (Visit 2; June-October), 

and a 4 week post-intervention assessment to examine short-term effect maintenance (Visit 

3; July-December). Intervention sessions were held April through September via live video 

teleconference between an interventionist and family every 2 weeks between in-person 

Visits 1 and 2. All study procedures were approved by the Institutional Review Board 

(IRB_00090292).

After parents provided informed consent and parental permission, and children provided 

written and verbal assent, each family received an intervention workbook. Teleconference 

sessions were held using videoconferencing software (WebEx™) which allowed dyads and 

the interventionist to see and hear one another in real-time and screen-share materials. The 

research team assisted families in setting up videoconferencing software and provided 

cameras to families if needed.

FLARE intervention.—The Family Lifestyles, Actions, and Risk Education (FLARE) 

intervention was developed using a patient-centered approach to address barriers to child sun 

protection.13,21 FLARE is grounded in Social Cognitive and Protection Motivation Theories.
22,23 FLARE included content based on our prior melanoma education interventions, 

evidence-based behavioral strategies to improve parent-child collaboration, and work 

documenting common and unique barriers encountered by families.9,13,21,24–28

Intervention visits were each approximately 60 minutes long and families were able to 

simultaneously view screen-shared materials and the interventionist. During the first visit, 

content covered included education on melanoma risk and sun protection,24,25 flexibility in 

implementing sun protection to accommodate child preferences and activities, and societal 

standards for being tan. To encourage parent and child modeling of sun protection behaviors, 

interventionists guided families in completing a family skin protection plan whereby each 

family member details which sun protection strategies they plan to use for their outdoor 

activities. The second visit covered behavioral and organizational strategies for 

implementing sun protection. The third visit covered communication skills and tools (e.g., 

parent-child communication, parental monitoring, handling peer opposition). During each 

visit, families updated their skin protection plan, and applied the problem-solving 

framework (i.e., Bright Ideas)29 to a parent/child-reported challenge to implementing child 

sun protection which could vary each visit (see Online Supplemental Material).

Interventionist training and treatment fidelity.—Two master’s-level interventionists 

with a background in public health delivered the intervention. Both interventionists received 

training on delivering FLARE from the first author. Training included review of intervention 

manuals, didactic sessions on content, role-playing, and delivering FLARE to families not in 

the study. All sessions were videorecorded. To promote fidelity, a scripted intervention 

manual was employed. Interventionists completed post-session fidelity checklists and 

participated in weekly supervision meetings to discuss sessions and receive corrective 

feedback based on supervisor review of sessions. A trained research assistant reviewed 20% 

of the videorecordings and completed fidelity checklists (see Online Supplemental 

Material).
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Measures

Feasibility.—Recruitment metrics summarizing the proportion of eligible families enrolled 

in the study and reasons for non-enrollment were recorded (≥80% recruitment rate was 

considered the threshold for feasibility). Child and parent attendance at intervention session 

and reasons for non-attendance were recorded (≥80% attendance was considered the 

threshold for feasibility). Parent- and child-reported barriers to study participation were 

assessed via an investigator-designed item at the first post-intervention assessment. For this 

item, participants were asked to check off any barriers that made study participation 

challenging (e.g., technological challenges, sessions interfering with other activities). The 

fidelity checklist completed by the research assistant assessed whether interventionists 

delivered each component of the intervention and process skills (e.g., use of open-ended 

questions; see Online Supplemental Materials).

Acceptability.—At the first post-intervention visit, parents and children were each asked 

to rate the intervention in terms of its acceptability on several domains, including 

intervention content (e.g., “The FLARE program included the information I wanted”), 

comprehension (e.g., “The FLARE program was confusing”), appeal (e.g., “The FLARE 

program information was interesting”), novelty of information learned, and perceived effect 

of content on their motivation to engage in melanoma prevention and control behaviors. 

Responses for the 13 items were on a 5-point Likert-type scale ranging from Strongly 

Disagree to Strongly Agree (several items were reverse scored; see Online Supplemental 

materials). Average ratings of “agree” or “strongly agree” were considered to indicate 

adequate acceptability. Items were adapted for use based on the literature and prior work 

developing educational interventions for at-risk families.11,30–32 Parents and children were 

also asked to rate how often (“not at all” to “often”) they used each intervention component 

(e.g., Information on child’s risk for melanoma, behavioral strategies), and how helpful each 

component was on a 4 point Likert-type scale from “Not at all helpful” to “Very helpful.”

Preliminary sun protection, tanning, and sunburn outcomes.—t all assessments, 

parents and children were asked to report on the child’s use of sun protection (e.g., 

sunscreen, long-sleeved shirt; rated on a 5-point Likert-type scale from “Never” to 

“Always”), intentional tanning (indoor and outdoor; same Likert-type scale), and sunburn 

frequency over the prior month using adapted items from the Sun Habits Survey.33 

Frequency of child red or painful sunburns was measured on a scale from 0 to 5+ sunburns. 

To understand the context in which child sunburns occurred and reasons that sunburn 

occurred, daily diaries were completed by children and parents in which they recorded the 

activity children were participating in when the sunburn occurred and the reason the sunburn 

occurred.

UVR exposure.—As a biomarker of UVR exposure, children were asked to wear a UVR 

monitoring device on their wrist for one-week periods following the pre-intervention and 

immediate post-intervention visits, and the week prior to the follow-up . The device is a 

research-grade scientific instrument34 and communicates wirelessly with a docking cradle 

via a terminal communication program35 that allows for configuration of the devices and 

data download during in-person visits.34,36 UVR data were captured in 10-second intervals. 
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Children were asked to wear the devices 6 am-9 pm, to wear the device on the same wrist 

outside clothing, and to remove them during activities involving water submersion and place 

the device face up nearby. Level of compliance to wearing the device was examined, to 

better understand the acceptability of the device in this population. Average UVR exposure 

for each week of monitoring was calculated using all available data from the week.

Analytic Approach

Descriptive statistics were used to summarize feasibility and acceptability. To explore 

potential changes in child sun protection, tanning, and sunburn over time, paired samples t-

tests were conducted to compare pre-intervention (Visit 1) and post-intervention means 

(Visit 2), and to compare post-intervention (Visit 2) and one month follow-up means (Visit 

3) from parent and child perspectives. Sunburn diaries were content analyzed to summarize 

the activities in which children were participating when they received a sunburn and 

frequencies were calculated to summarize reported reasons for sunburn. To explore potential 

effects of the intervention on children’s UVR exposure, we examined UVR monitoring data 

captured by the device using linear mixed models (LMMs), adjusted for season.

Results

Twenty-one parents (90% mothers, 10% fathers) and 21 children (62% female, Mage=11.3 

years, SDage=2.7 years) participated. Almost all parents (95%) had a personal history of 

melanoma (Table 1).

Feasibility

In total, 57 adults were screened and 49 were eligible (ineligibility due to not having 

children 8–17 years). Of the 49 eligible, 21 (43%) participated (76% from registry, 24% 

from prior studies). Reasons for non-participation included time limitations (n=12; too 

busy), living too far away to attend in-person visits required for device data download (n=2), 

and non-response to calls (n=14). Among the participating families who had more than one 

child eligible to participate, three children from 2 families did not participate. The vast 

majority (86%) of enrolled families attended all three intervention sessions. Of the 

remaining families, 1 (5%) attended two of the three intervention sessions, and 2 (9%) did 

not attend any. All families attended the first post-intervention visit, and two families did not 

attend the follow-up.

In terms of barriers to participation, parents and children reported that the electronic format 

and time required to participate were not significant barriers (e.g., technological challenges 

associated with the teleconference system and UVR devices endorsed as barriers by 6% 

parents, 22% children). Participation in the study was generally not viewed as getting in the 

way of other activities (11% parents, 17% children reported it got in the way). Some 

participants reported that the in-person assessments were “a hassle” (44% parents, 17% 

children). Fidelity to the intervention manual was excellent at 100%.
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Acceptability

Both parents and children reported that intervention content was relevant, helpful, and novel, 

that the materials were appealing or engaging, and that the intervention would motivate them 

to implement melanoma prevention and control behaviors (see Online Supplemental 

Materials). Of the parents who endorsed that they used FLARE topics or skills outside of the 

intervention session, the vast majority reported that the topics or skills were helpful. For 

instance, all (100%) parents reported that information on the child’s elevated risk for 

melanoma was somewhat or very helpful and 88% who reported using the structured 

problem-solving approach rated the approach as somewhat or very helpful. In general, 

children endorsed the intervention content as less helpful than parents did with 42–71% of 

children reporting that specific topics were somewhat or very helpful (see Online 

Supplemental Materials).

Preliminary Intervention Effects

Descriptive statistics for children’s sun protection, tanning, and sunburn outcomes are 

included in Online Supplemental Materials. From pre- (Visit 1) to post-intervention (Visit 2) 

there were several changes in outcomes. Parents reported that children’s frequency of 

wearing long pants or skirt and staying in the shade increased pre- to post-intervention 

(t(17)=−1.91, p=.07; t(17)=−2.03, p=.05, respectively). Children’s sunglasses use per parent-

report decreased in frequency pre- to post-intervention (t(15)=2.15, p=.04). Children 

reported increased frequency in wearing long pants or skirt (t(16)= −2.87, p=.01) and shade-

seeking when outdoors (t(15)=−3.57, p=.003) pre- to post-intervention. Children also 

reported declines in outdoor tanning pre- to post-intervention (t(17)=2.05, p=.05). Other 

child sun protection behaviors and sunburn occurrence did not change pre- to post-

intervention. In terms of maintenance of effects from post-intervention (Visit 2) to one 

month post-intervention (Visit 3), the pre- to post-intervention changes noted above were 

sustained (p’s>.05). Parents reported that children’s use of long-sleeved shirts increased 

post-intervention to the one month follow-up (t(15)=−4.04, p=.001). Intentional indoor 

tanning was only endorsed by one participant at any assessment and thus was not examined.

Between the pre- to post-intervention assessments (Visits 1 and 2), increased child age was 

significantly associated with parent-reported increases in child sunscreen re-application (r=.

522, p=.046), long-sleeved shirt use (r=.472, p=.048), and shade use (r=.517, p=.028) and 

with child-reported shade use (r=.553, p=.017). Between the post-intervention and one 

month follow-up assessments (Visits 2 and 3), increased child age was significantly 

associated with parent-reported increases in child shade use (r=.611, p=.015) and sunglasses 

use (r=.637, p=.011) as well as with child-reported long-sleeved shirt use (r=.521, p=.039).

Of the 13 child sunburn occurrences reported by 8 families via daily diary, 8 (62%) occurred 

during contact with water such as when swimming or at a water park, 3 (23%) occurred 

during organized sports, and 2 (15%) occurred during unstructured time playing outside. 

Participants reported 17 different reasons that sunburns occurred: Did not use sunscreen or 

protective clothing (6, 35%), sunscreen washed or sweated off (4, 24%), did not re-apply 

sunscreen (4, 24%), outside longer than expected (2, 12%), and other (i.e., sunscreen did not 

protect enough; 1, 6%).
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UVR Outcomes

The devices captured children’s UVR exposure for 59% of the desired monitoring days. 

Missing data was due to: device not worn (21%), device not returned to the research team 

(11%), and device malfunction and/or corrupted data (9%). Across the entire sample, pre- to 

post-intervention, there was a decline in UVR exposure among children of 1.43 Standard 

Erythemal Doses (SEDs) per week (SE=0.34, p=0.0013, 95% CI: −2.09, −0.76). There was 

not a significant change in UVR exposure post-intervention to one month follow-up 

(estimate of per week SED change=0.34, SE=0.78, p=0.68, 95% CI: −1.86, 1.18). See 

Figure 1 for average UVR exposure trajectories for the entire sample and for children ages 

8–12 versus ages 13–17.

Discussion

The primary goal of this pilot study was to examine the feasibility and acceptability of a new 

telehealth skin cancer preventive intervention for children with a familial risk for melanoma 

and their parents. The intervention demonstrated adequate feasibility in terms of its delivery 

via a live video teleconference format and high levels of family attendance. The intervention 

content and utility was acceptable to parents and children; however, childrens’ responses 

suggested that content could be modified to be more engaging for them. Consistent with 

hypotheses, the intervention was associated with improvements in children’s frequency of 

use of certain sun protection strategies, particularly protective clothing use and shade-

seeking, and declines in objectively measured UVR exposure after adjusting for season, 

particularly among younger children. These improvements were maintained through the 

one-month follow-up. The decreased levels of UVR exposure are likely clinically 

significant, particularly for individuals with lighter skin types.37 Although the current study 

was a pilot, findings were consistent with those of prior skin cancer preventive interventions 

that demonstrated positive effects on certain sun protection outcomes.14,15 The current 

results also suggest that childrens’ sunburns most frequently occur during water activities, 

when sun protection strategies are not used at all or when sunscreen has worn off. Together, 

the findings indicate that future interventions may need to consider targeted strategies to 

address specific contexts leading to child sunburn. A larger randomized trial of the 

intervention is needed to definitively test effects on sun protection, tanning, and sunburn 

outcomes, as well as UVR exposure.

Study limitations.

Limitations were that the sample primarily included high socioeconomic status families and 

mothers residing in a geographic location with high incidence of melanoma38 and featured a 

modest recruitment rate. Future trials would benefit from actively recruiting 

socioeconomically, gender, and racially/ethnically diverse samples from a wider geographic 

area, and using remote data collection procedures.

Clinical implications.

The next generation of interventions for children with an elevated familial risk for melanoma 

could build on the current study and other interventions by using eHealth approaches such as 

the telehealth format used in FLARE. Interventions could employ text messaging or 
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SmartPhone applications to reinforce behavioral skills and to support self-monitoring of sun 

protection use or UVR exposure.

Future trials of skin cancer preventive interventions for this at-risk pediatric population 

should ideally be well-powered to detect changes in sun protection, tanning, and sunburn 

occurrence,39 control for seasonality, and examine outcomes using self/parent-reported and 

objective methods and over longer-term periods. Studies could seek to understand whether 

reported use of certain sun protection methods may be most associated with reductions in 

UVR exposure. Efforts to prevent melanoma among children with an elevated familial risk 

for melanoma have the potential to reduce the incidence of and morbidity associated with a 

potentially deadly disease where prevention starts in childhood.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Children’s trajectory of average weekly UVR exposure as measured by UVR monitors
Note. There were 8 weeks between pre- and post-intervention, and 4 weeks between post-

intervention and one-month follow-up.
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Table 1.

Demographic characteristics of parents and children

Parents (N=21) N(%) Unless otherwise noted

Age of parent, M(SD) 41.3 (5.04)

Sex

 Male (father) 2 (10)

 Female (mother) 19 (90)

Race

 White Non-Hispanic 20 (95)

 White Hispanic 1 (5)

Level of education

 High school graduate or GED 3 (14)

 Voc., Tech., or Some college (2 yr. degree) 6 (29)

 Bachelor’s Degree 10 (47)

 Doctoral Degree 2 (9)

Marital status

 Married or partnered 17 (81)

 Divorced 4 (19)

Personal melanoma history 20 (95)

Family history of melanoma 10 (48)

Household income (median) $90,000–99,999

Skin type (Fitzpatrick)

 I 5 (24)

 II 6 (29)

 III 9 (43)

 IV 1 (5)

Children (n =21)

Age, M(SD) 11.3 (2.7)

 8–12 14 (67)

 3–17 7 (33)

Sex

 Male 8 (38)

 Female 13 (62)

Race

 White Non-Hispanic 19 (90)

 White Hispanic 1 (5)

 Biracial 1 (5)

Skin type (Fitzpatrick)

 II 7 (33)

 III 9 (43)

 IV 4 (19)

 Missing 1 (5)
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