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Abstract

Background: Although melanoma survival rates have improved in recent years, survivors remain at risk of recurrence, second
primary cancers, and keratinocyte carcinomas. The National Comprehensive Cancer Network recommends skin examinations
by a physician every 3 to 12 months. Regular thorough skin self-examinations (SSEs) are recommended for survivors of melanoma
to promote the detection of earlier-stage, thinner melanomas, which are associated with improved survival and lower treatment
costs. Despite their importance, less than a quarter of survivors of melanoma engage in SSEs.

Objective: Previously, our team developed and evaluated a web-based, fully automated intervention called mySmartSkin (MSS)
that successfully improved SSE among survivors of melanoma. Enhancements were proposed to improve engagement with and
outcomes of MSS. The purpose of this paper is to describe the rationale and methodology for a type-1 hybrid
effectiveness-implementation randomized trial evaluating the enhanced MSS versus control and exploring implementation
outcomes and contextual factors.

Methods: This study will recruit from state cancer registries and social media 300 individuals diagnosed with cutaneous malignant
melanoma between 3 months and 5 years after surgery who are currently cancer free. Participants will be randomly assigned to
either enhanced MSS or a noninteractive educational web page. Surveys will be collected from both arms at baseline and at 3, 6,
12, and 18 months to assess measures of intervention engagement, barriers, self-efficacy, habit, and SSE. The primary outcome
is thorough SSE. The secondary outcomes are the diagnosis of new or recurrent melanomas and sun protection practices.

Results: Multilevel modeling will be used to examine whether there are significant differences in survivor outcomes between
MSS and the noninteractive web page over time. Mixed methods will evaluate reach, adoption, implementation (including costs),
and potential for maintenance of MSS, as well as contextual factors relevant to those outcomes and future scale-up.

Conclusions: This trial has the potential to improve outcomes in survivors of melanoma. If MSS is effective, the results could
guide its implementation in oncology care and nonprofit organizations focused on skin cancers.
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Introduction

Background
More than 97,610 cases of cutaneous malignant melanomas
will be diagnosed in the United States in 2023, making it the
fifth most commonly diagnosed cancer. With incidence rates
more than tripling from 1975 to 2020, the population of
survivors of melanoma is estimated at >1 million. Among
persons diagnosed with localized, regional, or distant-stage
melanoma, the 5-year survival rates have improved in the last
decade, with 99%, 65%, and 25% survival rates, respectively
[1]. Improved survival and increased incidence have translated
to an estimated annual treatment cost for melanoma of
approximately US $2.5 billion [2].

Survivors of melanoma remain at risk of recurrence, second
primary cancers, and keratinocyte carcinomas. Recurrence rates
depend on tumor thickness and nodal involvement and range
from 3% to 24% among persons with thinner lesions to 51%
among persons with thicker lesions or lymph node involvement
[3-5]. Recurrent or new primary melanomas occur most
commonly during the first 5 years after diagnosis but can arise
many years later [6,7]. Recurrent melanoma typically occurs at
local or regional sites, and approximately half of distant
recurrences present within the skin or lymph nodes [8,9].
Psychosocial morbidity is an issue for patients and survivors,
with studies reporting higher anxiety and depressive symptoms
than in the general population [10] and elevated anxiety about
recurrence.

For survivors of melanoma, National Comprehensive Cancer
Network guidelines recommend several actions, including skin
examinations by a physician every 3 to 12 months and regular
thorough skin self-examination (SSE) [11-13], which entails a
deliberate, systematic inspection of all areas of the body using
a mirror or the assistance of another person to examine
hard-to-view areas [14]. Patient education about SSE by a health
care professional is also recommended. Engagement in regular
sun protection behavior is also recommended to reduce the risk
of subsequent skin cancers as UV radiation from the sun is a
contributing factor for melanoma and other skin cancers [2].

Limited data suggest that performance of SSE is associated with
differential survival rates among patients with melanoma, and
professional recommendations for regular SSE are supported
by 3 research findings. First, more than half of recurrences and
new primary melanomas are detected by survivors themselves
[11,15,16]. Second, individuals who perform SSE are diagnosed
with significantly earlier-stage melanomas than those who do
not. Detection and treatment of recurrent disease and new
primary cancers at earlier stages leads to improved survival,
which is not accounted for by lead-time bias [17]. Third,
melanomas identified through SSE are thinner than those found
incidentally [16,18,19]. Retrospective studies suggest that
individuals who perform SSE have lower tumor thickness.
Thinner melanomas are associated with better survival [19-23].
Thus, promoting regular SSE will likely enhance the early
detection of easier-to-treat recurrences and new primary cancers
among survivors. For example, Robinson et al [24] found that
13.4% of patients in their SSE randomized controlled trial (RCT)

developed a new melanoma over the 2-year follow-up. Patients
in the SSE intervention condition detected 81% of these
melanomas, approximately 34% of which were invasive, with
only a 1% increase in physician visits. The costs of treating
earlier- versus later-stage melanomas are significantly lower
[25,26]. In summary, regular thorough SSE is recommended
for survivors of melanoma and results in the detection of
earlier-stage, thinner melanomas, which is associated with
improved survival and lower treatment costs.

Despite its importance, engagement in regular, thorough SSE
is low. Compliance rates with thorough SSE range between 7%
and 17% among survivors of melanoma [14,20,22,27,28].
Studies document wide variation in SSE performance, with
figures dependent upon the way that SSE is measured and the
time frame for assessment. When patients are asked whether
they have performed any form of SSE in the past 2 months,
high rates of performance are observed (71.5%) [29]. SSE rates
are higher when specifying any performance in the past year
(84.3%) [30]. However, significantly lower rates are found if
SSE is defined by its thoroughness. We reported that 13.7% of
survivors checked 4 key areas and had someone assist them or
used a mirror for hard-to-see areas [30]. Loescher et al [31]
found that 16% of women and 7% of men examined each of
the 7 designated body parts in the previous 2 months. Mujumdar
et al [32] reported that 17% of survivors examined a minimum
number of areas of the body (8 out of 9 areas) in the previous
2 months. In our recent work, 65% reported having conducted
an SSE in the previous 2 months, but only 7.5% of the sample
checked all 15 body parts. Hard-to-see areas were missed,
including the scalp (37.9%), buttocks (40.4%), soles of the feet
(41.6%), and genitals (44.4%). Less than half (46.2%) [33]
reported using a mirror to view hard-to-see places, and only
39% reported asking for assistance. In total, 2% reported using
a mole map to guide their most recent SSE.

A limited number of interventions have been evaluated to
improve SSE among survivors of melanoma [24,34-37]. Existing
interventions have used in-person, print, or web-based delivery
modes. Several have demonstrated improvements in SSE
[34,35]. Limitations of previous studies include lack of a
comparison group [35]; being an in-person or partner-assisted
intervention, which compromises the ability to disseminate it
[24]; lack of inclusion of long-term outcomes [24]; lack of
inclusion of SSE performance [36] as an outcome; and low
intervention use and high dropout [35]. No existing intervention
is fully automated and, thus, potentially cost-effective and highly
scalable. To this end, our team developed and evaluated
mySmartSkin (MSS), a web-based, fully automated intervention
to improve SSE among survivors of melanoma. MSS is a
behaviorally based program that is delivered via the internet,
tailored to the user, and fully automated with no human clinical
support. MSS was compared with usual care (UC) in an RCT
of 430 survivors of melanoma from New Jersey [38,39]. The
results indicated a beneficial impact of MSS versus UC on the
performance of thorough SSE at all follow-ups up to 1 year
[24,34-37]. Effect sizes were in the small to medium magnitude
range for SSE, but these effects were not sufficiently strong to
scale up for implementation in the existing form.
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In addition to SSE, professional agencies recommend
engagement in regular sun protection behaviors, such as staying
in the shade, applying sunscreen with a sun protection factor of
at least 30, and wearing protective clothing (eg, hats and long
sleeves). Survivors of melanoma report engaging in higher
levels of sun protection behaviors than the general population
[40], but their sun protection behaviors do not meet the
recommended guidelines [30,32,41]. To date, only 2 intervention
studies have targeted improved sun protection behaviors among
survivors of melanoma [34,38]. Bowen et al [34] reported
significant improvements in some sun protection behaviors (eg,
wearing sunglasses and staying in the shade). In our prior work
[38], we evaluated the effects of MSS on sun protection
behaviors, which was included as a component of the original
intervention. The effects of MSS compared with UC on sun
protection behaviors were only statistically significant at the
24-week follow-up in analyses that did not control for baseline
sun protection behaviors or other potential covariates. Stronger
and more consistent improvements in sun protection would be
an important goal for future work.

Theoretical Frameworks
Previous empirical findings regarding factors associated with
SSE [29,30,32,42,43] and sun protection, as well as the
preventive health model (PHM) [44,45], inform the content of
MSS. The PHM posits that the performance of preventive
behaviors is influenced by background, affective, cognitive,
and social factors. Background factors include sociodemographic
characteristics, risk factors for skin cancer, medical history, and
knowledge about melanoma. Affective factors include concerns
about melanoma recurrence and distress about the diagnosis.
Cognitive factors include perceived controllability of melanoma,
self-efficacy, and benefits and barriers. Social normative factors
include family and friend support and physician
recommendations. In addition to our previous research on skin
cancer risk reduction practices among family members of
patients with melanoma [46,47], the PHM has been used
successfully to understand and promote screening for colorectal
and prostate cancer [44,48]. The original MSS focused on
improving the perceived controllability of melanoma through
the performance of comprehensive SSE; increasing the perceived
benefits of SSE and sun protection; reducing barriers to SSE
and sun protection; enhancing self-efficacy for SSE and sun
protection; and enhancing family, friend, and physician support
for sun protection.

A major challenge for intervention research is that most
interventions that demonstrate a beneficial impact are not tested
in effectiveness or dissemination trials and are not conducive
to “real world” delivery or use. As a result, they do not penetrate
the general population and, unfortunately, are not received by
those who most need them [49]. Our work is guided by the
Practical, Robust Implementation and Sustainability Model
(PRISM), which extends the Reach, Effectiveness, Adoption,
Implementation, and Maintenance (RE-AIM) [50] framework
to consider not only implementation outcomes but also
multilevel contextual factors influencing implementation. Reach
refers to the percentage and representativeness of persons
exposed to a program. Effectiveness refers to the impact on key
survivor-level outcomes. As MSS is a free-standing,
recipient-facing intervention, adoption is defined as the
proportion and representativeness of recipients (in this case,
survivors) who adopt (ie, at least log into) the program.
Implementation refers to the degree to which a program is
delivered and received as intended. This is measured through
costs, engagement, acceptability, feasibility, and
appropriateness. Maintenance is the extent to which a program
and its survivor-level effects are sustained over time. The
integration of these models with the study’s aims is shown in
Figure 1 [51-55]. In the proposed study, in aim 1, the goal of
the iterative process of enhancing the MSS intervention using
stakeholder feedback and usability testing is to improve RE-AIM
outcomes, which will be assessed in aims 2 and 3. In aim 2, we
focus on the effectiveness of the enhanced MSS, testing its
effects on survivor-level outcomes, including clinical outcomes
(eg, melanomas found). In aim 3, we address the remaining
RE-AIM dimensions. In addition, to proactively identify barriers
to and facilitators of future scale-up and widespread
dissemination and implementation of MSS, we explore
multilevel contextual factors identified by key stakeholders
drawn from the PRISM domains of recipients, external
environment, intervention design, and implementation and
sustainability infrastructure. We anticipate that incorporating
PRISM and RE-AIM throughout the study aims will ensure that
the enhanced intervention is responsive to key stakeholder
preferences and that we “design for dissemination” [56],
recognizing potential barriers to and facilitators of future
scale-up and informing our next stage of developing
dissemination and implementation strategies to maximize the
public health impact of MSS.
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Figure 1. Integration of preventive health model and implementation frameworks with the study aims. RE-AIM: Reach, Effectiveness, Adoption,
Implementation, and Maintenance.

Study Objectives

Overview
The purpose of this type-1 hybrid effectiveness-implementation
study is to evaluate the effectiveness of a web-based
intervention, MSS, and explore its implementation and relevant
contextual factors. A type-1 hybrid effectiveness-implementation
approach requires the engagement of multilevel stakeholders
throughout the research process, focus on evaluating the
effectiveness of the enhanced MSS, and identification of critical
factors that could promote or prevent wide-scale
implementation. The study’s 3 aims are guided by
implementation frameworks and behavior change theories.

Aim 1
The first aim is to enhance MSS by collaborating with multilevel
stakeholders. We will collaborate with stakeholders to enhance
MSS through qualitative interviews and usability testing of
potential intervention enhancements. Enhancements are based
on empirically validated behavior change techniques (BCTs)
and lessons learned from survivors’ feedback in our previous
study. We will use an iterative process that includes (1) key
informant interviews with survivors, providers, and professional
organization representatives regarding proposed enhancements;
(2) conversion to an enhanced mobile-based delivery platform;
(3) usability testing; and (4) iterative program refinements.

Aim 2
The second aim is to evaluate the effects of the enhanced MSS
on thorough SSE (primary outcome) and examine its impact on
the diagnosis of new or recurrent melanomas (secondary
outcome) and sun protection practices (secondary outcome).
We will conduct an RCT comparing MSS and a noninteractive
educational web page with 300 survivors to test the intervention
effects on these outcomes.

Aim 2 Hypothesis
We propose that MSS participants will be more likely to perform
thorough SSE over the 18-month follow-up period. We will
explore the impact of MSS on new or recurrent melanomas and
sun protection behaviors. We anticipate diagnosing a greater
number of earlier-stage melanomas and observing higher sun
protection behaviors among those in MSS compared with those
in UC.

Aim 3
The third aim is to assess selected implementation outcomes
and identify factors relevant to future scale-up for widespread
dissemination, implementation, and maintenance of MSS. We
will use mixed methods to assess implementation outcomes and
explore perspectives from survivors, care providers, and
professional organizations to inform the selection of strategies
to best disseminate and implement MSS on a broad scale. The
subaims are as follows:

1. Aim 3a is to estimate program costs and assess the
cost-effectiveness of MSS relative to control. We
hypothesize that MSS costs will be higher than UC costs.
We expect that MSS will be a more cost-effective strategy
given its previous positive effects on SSE and the
identification of new or recurrent melanoma. If our findings
support this as expected, exploratory cost-effectiveness
analyses from the health care and societal perspectives will
be conducted using simulation models of melanoma-related
costs, disease progression, and survival over 5- and 10-year
analysis horizons.

2. Aim 3b is to examine the reach, adoption, implementation
(ie, engagement, acceptability, appropriateness, and
feasibility), and maintenance of MSS. For reach, we predict
that the demographic characteristics of those exposed to
MSS will not differ from those of the general population
of survivors of melanoma. For adoption, we propose that
the proportion of contacted and eligible survivors
randomized to MSS who consent, complete the baseline
questionnaire, and log into MSS will be equal to or greater
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than the proportion in our previous efficacy trial. For
engagement, we propose that 80% of MSS participants will
log into the intervention at least once. For acceptability, we
predict that MSS will be rated as highly acceptable. We do
not have hypotheses regarding appropriateness, feasibility,
and maintenance as these data will be evaluated in terms
of future implementation of MSS should it have an impact
on SSE and sun protection outcomes. For each of these
implementation outcomes, we will assess the demographic
characteristics of MSS participants to determine whether
outcomes differ among survivors in specific subgroups (eg,
by age, sex, race, ethnicity, and socioeconomic status).

3. Aim 3c is to identify and describe contextual factors
experienced by multilevel stakeholders as key to scale-up
and widespread implementation of MSS, including
consideration of potential delivery settings, timing of
delivery, and resources needed to promote its
implementation.

Methods

Ethics Approval
Study procedures were approved by the Rutgers University
institutional review board (IRB; protocol Pro2022000948).

Aim 1: Enhancements to the Existing Version of MSS
Using Multilevel Stakeholders

Overview
This phase engages multilevel stakeholders in optimizing MSS
by targeting multiple RE-AIM outcomes: effectiveness,
adoption, implementation, and maintenance. Iterative
enhancements will be made to MSS intended to increase the
effects on SSE by increasing adoption, acceptability,
appropriateness, feasibility, and maintenance. This process will
include key informant interviews with survivors, health care
delivery stakeholders, and professional organizations to inform

the selection of enhancements from the potential theory-based
strategies we identified based on the findings and survivor
feedback from our previous RCT. This user-centered process
will involve assessment of preferences regarding content (eg,
“What are your thoughts on the option of uploading pictures of
your moles?”), use (eg, “How useful would it be to log in to
MSS three months after you complete it and what would you
use it for?”), and preferred ways to motivate targeted behaviors
(eg, “What are your thoughts about incentives such as free
products?”). This phase of our design for dissemination approach
will use an iterative process that includes (1) key informant
interviews with survivors of melanoma and care providers to
inform the selection of proposed theory-based enhancements,
(2) conversion to a mobile-based intervention delivery platform
incorporating selected enhancements, (3) usability testing with
survivors who use the program for 1 month, and (4) program
refinement.

Proposed Enhancements
The existing MSS content was guided by PHM and
evidence-based BCTs. The original MSS included two
categories of BCTs: (1) prompts (participants could set an email
reminder to perform SSE on specific dates for the duration of
study participation) and (2) planning (participants could set a
goal related to SSE and select up to 2 action steps to address
barriers). The other material primarily targeted SSE knowledge
(eg, how to recognize a suspicious growth) and self-efficacy
(building confidence in identifying suspicious growths), which
were the mediators of MSS effects on SSE.

Our selection of proposed enhancements was guided by two
goals: (1) to optimize engagement with MSS and (2) to increase
sustained performance of SSE. A summary of enhancements is
shown in Textbox 1. We focused on optimizing engagement as
participants who used MSS more were more likely to perform
SSE across the follow-up period, which we are now extending.
Thus, increasing engagement with MSS should enhance its
impact over time.
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Textbox 1. Proposed enhancements to mySmartSkin (MSS).

Self-monitoring and performance feedback

• Upload pictures of moles each month on mole map

• Illustrate body parts checked each month

• Bar graph of completed skin self-examinations (SSEs) over time from baseline to 1 year on the MSS home page

• Monthly feedback on progress with SSE

Incentives for success

• Incentives for self-reported SSE, core completion, and SSE and sun protection goal setting: rulers, reminder stickers, sun hats, sunscreen, sun
protection factor ChapStick, sun safety checklist magnet, calendars, hanging door signs with the ABCDEFs (asymmetry, border irregularity,
color variation, diameter of >6 mm, evolving, and funny looking) of melanoma, sun umbrella, among others (up to 6 incentives)

Prompts

• Personalized text reminder delivered the day before SSE is due each month to perform it, with a link to the self-check program

• Tailored reminder of body parts to remember to check

Goals and planning

• Identification of personal barriers to SSE and sun protection behaviors

• Continued troubleshooting of ways to address SSE barriers and sun protection behaviors

• Regular personalized feedback and ability to track progress on SSE and sun protection goals

Social support

• Discuss the importance of support for change

• Identify someone to support SSE (eg, spouse) and how the patient would like to talk to and involve them

• Provide SSE information via email to authorized support person

To optimize initial engagement, we are implementing four
enhancements: (1) enhancing participant-facing recruitment
materials (eg, advertisements, emails, and study home page) by
including narratives from survivors and oncologists about MSS
and the importance of thorough SSE, (2) streamlining enrollment
materials and processes (eg, screening and baseline surveys and
instructions), (3) reaching out to participants who do not log
into MSS by day 3 to provide a brief orientation session
fostering ease of access (ie, review modules and topics and the
importance of completing modules, show the participant how
to log in, and discuss SSE benefits for finding recurrence early),
and (4) informing participants about incentives for completion
of each core and other tasks within the program.

To improve sustained SSE, we identified 6 categories of BCTs
for the proposed enhancements [57]; we included (1)
self-monitoring and performance feedback to improve
self-efficacy (eg, uploading photos of moles and saving them
to compare with the next SSE); (2) behavioral incentives (eg,
provided for completing SSE); (3) additional prompts for SSE
(eg, programmed reminders about missed areas of the body);
(4) adding a more comprehensive approach to setting goals and

planning, including continued troubleshooting of barriers; (5)
including more content on receiving assistance and support
from others in performing SSE (including the option to email
an authorized support person about assisting with the
participant’s SSE); and (6) adding a goal-setting component
that fosters habit formation and maintenance of behavior change.
We created an in-depth goal-setting section that allows users
to track their progress and make updates to their goals and
progress over time. The goal-setting component is tailored based
on the user’s current SSE and sun protection behaviors, and the
purpose of this component is to assist in the creation of a plan
to improve both behaviors.

In terms of sun protection behaviors, we included a sun safety
core with content categorized into chapters addressing (1)
learning more about sun safety with topics such as risks of UV
rays, risks of unprotected sun exposure, sunscreen education,
how to avoid sunburns, and other sun protection behaviors; (2)
assessing current sun protection behaviors; (3) increasing
confidence in and motivation for sun protection; and (4) setting
sun protection goals. A more detailed summary of the content
of each core is provided in Table 1.
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Table 1. Enhanced mySmartSkin intervention content.

Interactive featuresKey contentSection

Tutorial •• N/AaOverview of navigation, sections, and features

Core 1: learn about spots •• Mole facts and fictionPersonal melanoma history
• •Skin cancer facts and figures ABCDEF-identifying challenge quiz

•• Suspicious or not mole challengeMelanoma risk factors
• •Risk of recurrence Vignette and physician video and audio clips

•• SSE goal settingPurpose of SSEb

• How to conduct an SSE
• The ABCDEFsc of melanoma
• Your experience doing SSE
• What to do when you find a suspicious spot
• Importance of SSE and physician skin examina-

tions
• Confidence in checking spots

Core 2: sun-safe behaviors •• Sunscreen FAQsdSun-safe behaviors
• Risks of sun exposure • Sunscreen facts and fiction
• UV index • Tanning facts and fiction
• Types of sunscreen • Assessing current tanning beliefs
• Avoiding sunburns during outdoor activities • Vignette and physician video or audio clips
• Risk assessment for outdoor activities • Sun-safe behavior importance rating
• Sun-safe clothing • Sun safety goal setting
• Limiting sun exposure
• Increasing confidence and motivation for sun

safety
• Prioritizing sun-safe behaviors
• SSE goal setting

MyStuff •• Goal progress trackerGoal summary
• SSE progress tracker
• Badges and prizes

aN/A: not applicable.
bSSE: skin self-examination.
cABCDEF: asymmetry, border irregularity, color variation, diameter of >6 mm, evolving, and funny looking.
dFAQ: frequently asked question.

Key Informant Interviews to Gather Input on
Enhancements
This phase of aim 1 has been completed. The procedures are
described in the following sections, and the results are described
later in the paper (see the Results section).

Sample

We planned to recruit 10 survivors of melanoma who had
completed treatment within up to 3 years since diagnosis from
the Rutgers Cancer Institute of New Jersey (CINJ) through new
case ascertainment by research staff using electronic medical
records. On the basis of our past experience in qualitative
assessments, this sample was expected to provide thematic
saturation of the data, although additional interviews could be
conducted if needed.

Questionnaire

Following informed consent procedures, participants completed
a brief demographic questionnaire before their interview began.
Participants self-reported their age, sex or gender, race, ethnicity,
education, current insurance coverage, school enrollment,

employment, and marital status. Patients also reported current
SSE practices.

Procedures

The project coordinator (AS) conducted the interviews, which
were audio recorded with participant permission and
approximately 45 minutes in duration. During the interviews,
participants were shown prototypes and wireframe illustrations
of the proposed enhancements. To ensure that feedback was
gathered on all aspects of the MSS platform, interviewers
highlighted different sections, including the goal-setting activity
sequence and skin self-check body map. The semistructured
interviews elicited feedback on the proposed enhancements.
We included probes about enhancements based on stakeholders’
positive, neutral, or negative reactions (eg, “What parts of the
site did you think were most interesting and helpful?” and “What
parts were less helpful or seemed less relevant to you?”). Phase
1 participants received US $50 for the interviews. These
interviews were conducted in person at the CINJ or using
videoconferencing software. The interviewer took field notes,
and the interviews were transcribed verbatim.
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Refining Enhancements

The study team reviewed the field notes and verbatim
transcriptions of key informant interviews. The responses to
each proposed enhancement were coded as positive, neutral,
negative, or mixed. Although potential enhancements were
based on findings from the previous RCT, suggestions from
participants, BCTs, and proven ways to optimize engagement,
if particular enhancements were perceived negatively by
multiple stakeholders, we used these interviews to explore
alternatives that would be more acceptable. For those
enhancements with multiple negative or mixed comments, the
team decided whether the issue could be addressed feasibly and
crafted changes to the content and approach that were congruent
with stakeholder feedback. The stakeholders in later interviews
reviewed the changes made in response to feedback given in
earlier interviews to provide confirmation on whether the issue
was adequately addressed. The study team provided feedback
to the web developer, Radiant (Radiant Creative Group LLC),
throughout the interview process for changes to be incorporated
in a timely manner.

Conversion to a Mobile-Based MSS Platform, Usability
Testing, and Refinements With Multilevel Stakeholders
Stakeholder-informed enhancements to content and program
features will be incorporated with the existing content and
migrated to the mobile-based delivery platform in collaboration
with Radiant. Testing will be conducted throughout the
preproduction and production stages to ensure the suitability of
the content for the intended audience. Weekly meetings with
Radiant will be conducted to review uploaded content.

Usability Testing, Feedback, and Refinements
Testing will be accomplished by conducting focused interviews
with up to 10 survivors of melanoma, 5 health care providers,
and 5 organization representatives who will each receive US
$100. Testing is modeled after a National Cancer Institute
website design project [58]. The process will involve checking
the content with participants for attractiveness, comprehension,
acceptability, and persuasion. In addition, participants will be
able to use MSS for approximately 1 week before the interview
so that we can gather input on features that are planned over
time, such as self-monitoring and performance feedback,
incentives, and prompts. A series of questions and structured
guides will be prepared in advance related to the elements to
be evaluated.

In the set of interviews, all enhancements and engagement tools,
including reminder prompts, will be activated, providing an
opportunity to evaluate all components of the enhanced MSS.
After that, we will set up a virtual meeting in which the
participant will provide feedback about acceptability, ease of
use or intuitiveness, and satisfaction. During this session, we
will discuss the topic areas and review MSS using a shared
screen to allow participants to react to each screen. Participants
will be asked to provide feedback on features. These sessions
will be digitally video recorded and transcribed, and AS will
take notes. The data will be summarized and reviewed to
determine further modifications to be made. These efforts will
yield a set of understandable, acceptable, and appealing

enhancements to MSS that are customized to the needs,
capabilities, and preferences of patients with melanoma,
providers, and organizational stakeholders. We will conduct
weekly meetings that include Radiant and the study team to
review and produce content. Once the final beta website has
been agreed upon by the full research team, it will undergo
extensive testing by Radiant to ensure that the programming is
functioning correctly.

Aim 2: Evaluate Effects of MSS Versus a
Noninteractive Educational Web Page on SSE

Overview
Phase 2 is a randomized effectiveness trial in which MSS will
be tested in an RCT comprising 2 groups (MSS vs a
noninteractive educational web page) and 5 assessments
(baseline, 3 months, 6 months, 1 year, and 18 months) with 300
survivors of melanoma. The main goal is to evaluate the effects
of MSS on thorough SSE and examine the impact on clinical
outcomes (eg, diagnosed early-stage skin cancers).

Recruitment

Overview

We will recruit participants from 2 sources: state cancer
registries and Facebook. This approach was adopted to prepare
for dissemination by assisting the team in comparing the reach
of the 2 methods of recruitment. This will foster our ability to
determine future settings. The registries include all patients with
melanoma in each state, which facilitates eventual
generalizability. We chose NJ and CA registries because the 2
states are geographically disparate and sociodemographically
diverse, and we have worked successfully with both registries
on current projects (CA2219854 and CA221854). We chose
Facebook as a second approach as the vast majority of
Americans (84% in 2021) [59] use social media, with use
steadily increasing each year. This strategy will reach a broad
audience of survivors. In addition, many melanoma and skin
cancer advocacy groups are active on social media, which will
inform the potential for working with them on future
dissemination.

Registries

We will recruit from the New Jersey State Cancer Registry
(NJSCR) and the Cancer Registry of Greater California (CRGC).
Owing to state laws, allowable recruitment procedures differ.
NJSCR procedures entail case ascertainment, a letter to the
physician, an address check, a letter mailed to the patient, up
to 12 calls to verify that they received the letter, and the
provision of verbal consent to send contact information to the
CINJ. The CINJ reaches out to the patient to describe the study
and send a link to the MSS website. We have enhanced the
CRGC procedures to be as similar as possible to those of the
NJSCR. The CRGC queries their database, confirms that the
patient is alive, and checks this information with the provider.
Case information is sent to the CINJ, a letter is sent explaining
the study followed by up to 12 calls to the patient to obtain their
email address, and a link to the study web page is emailed. The
process takes approximately 2 months.
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Facebook

We will use paid Facebook advertisements. We will work with
a social media marketing company to develop keywords and
advertisements targeting individuals with characteristics similar
to those of survivors of melanoma (eg, older age). As noted
previously, this approach has been successfully used in 2
previous and one current skin cancer–related intervention project
[60-62]. This approach will also recruit a broader population of
survivors of melanoma than the previous efficacy trial.

Eligibility

The eligibility for this trial is as follows:

1. Diagnosis of primary pathological stage-0 to stage-III
cutaneous malignant melanoma

2. Being 3 months to 5 years after surgery
3. No current evidence of cancer
4. No adherence to thorough SSE [14] (ie, did not check the

entire body at least once during the past 3 months)
5. Age of ≥18 years
6. Internet access
7. Ability to speak and read English
8. Ability to provide informed consent

The incidence is most common among non-Hispanic White
individuals, who have an annual rate of 28 cases per 100,000
compared with 7 in American Indian or Alaska Native
individuals; 5 in Hispanic individuals; and 1 in non-Hispanic
Black, Asian, and Pacific Islander individuals (92.4% among
non-Hispanic White individuals). Consistent with population
rates, we will oversample minority groups from cancer registries
to ensure a minimum of 7.6% racial and ethnic minority group
survivor enrollment.

Sample
The projected sample size is 300. Participants will be recruited
using 2 methods. Half of the sample will be recruited from 2
state cancer registries. We expect >10,000 eligible patients with
melanoma from the 2 registries during our recruitment period.
We will select a random sample from each diagnosis year to
balance the year of diagnosis. The acceptance rate for the
previous MSS study was 40.9%, but we anticipate a lower
recruitment from the registry participants in this study based
on our recent work with both CRGC and NJSCR patients
(CA221854) [63]. Both cancer registries have a large number
of survivors annually. Thus, we will randomly select a subset
of cases from each of the retrospective 5-year time frames. The
other half of the sample will be recruited via Facebook. We will
use paid Facebook advertisements targeted at persons who
follow skin cancer–related causes and organizations. We will
end recruitment from each source when the required sample
size is reached.

Enrollment, Randomization, Intervention Delivery, and
Follow-Up Surveys
Potential participants recruited via registries will be asked for
their email when they verbally consent to participate in the
study. Staff will then email these potential participants the link
to the study’s web page. Participants recruited via social media
advertisements will be automatically linked to the study web

page when they click on the “learn more” part of the
advertisement. Once on the web page, the following automated,
completely web-based procedures will be used for enrollment.
On the study’s web page, there is a screening survey to
determine eligibility. Potential participants will complete the
eligibility screener. If eligible, the program automatically moves
to the electronic consent. Once consent is obtained, the program
automatically moves to the baseline survey. After survey
completion, the program randomizes the participant to MSS or
the comparison condition and automatically moves to either the
MSS landing page or the comparison condition landing page.
Randomization will be stratified according to disease stage and
time since diagnosis (3 months-3 years and 4-5 years) and, then,
within strata, block randomized using blocks of 20 participants
overseen by the study statistician following standard operating
procedures of the CINJ Biostatistics Shared Resource.

Participants who do not log into the MSS program by day 3 will
be contacted by a study coordinator via SMS text message,
email, or phone 3 times between days 3 and 10 to remind them
about logging into MSS. Participants who log in but do not
review core 1 by day 5 will be contacted 3 times via email, SMS
text message, or calls to invite them to review core 1. These
interactions will also serve as an orientation for the participants
allowing them to ask any questions about the study or the
intervention.

Survey Procedures
Participants will be prompted (via automated email, as well as
via SMS text message, telephone, and mail, as necessary) to
complete the following web-based surveys: follow-up 1 at 3
months after the baseline, follow-up 2 at 6 months after the
baseline, follow-up 3 at 1 year after the baseline, and follow-up
4 at 18 months after the baseline. Participants who do not
complete the surveys will be reminded as follows: (1) reminder
email and SMS text message with a link to the survey if it is
not returned after 1 week, (2) call with a voicemail if no contact
is made and email with a link to the survey if it is not returned
after 2 weeks, and (3) the same procedure as at 2 weeks if the
survey is not returned after 3 weeks. Participants who do not
return the survey after a month will be considered lost to
follow-up at that time point. Our primary effectiveness analyses
will focus on individuals’ performance of thorough SSE at 18
months, which will ensure that all participants’ SSE practices
are assessed over a long time frame and increase the likelihood
of detecting new or recurrent melanomas. Participants will
receive incremental gift card amounts for each survey
(maximum total of US $120).

Intervention Procedures
Participants will have a unique identifying user code and create
a password to access the interventions. If users forget their
password, they will provide a unique answer to a personal
question and the database will return the forgotten password.
If users forget both their user ID and password, they can contact
the technical assistance hotline. In the previous study, navigation
issues were rare. We anticipate that it will take participants
approximately 1 hour to complete the entire MSS intervention
once and approximately 15 minutes to complete the comparison
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condition. Participants will have access to the interventions for
18 months.

Comparison Group
We chose a noninteractive educational web page comparison
group for the following reasons: (1) the information incorporated
is widely available to the public and used in dermatology and
primary care, (2) the digital delivery method is similar to that
of MSS, (3) it allows for a comparison of MSS effects with a
minimal knowledge-based educational intervention, (4) it
permits a comparison of MSS effects with the results of previous
studies that used minimal comparison interventions, (5) it
presents a standardized intervention rather than a variable
treatment-as-usual intervention, (6) a no-intervention control
would be unethical for this high-risk population, and (7) we
considered using an intervention for another health issue (eg,
nutrition) but anticipated that survivors of melanoma would be
less likely to participate. We will create a static educational web
page whose content will be based on freely available, accurate
information relevant to melanoma, melanoma risk, and SSE.
Possible topics include the warning signs of melanoma [64],
the risk of recurrence among survivors of melanoma, and how
to perform an SSE [65].

Aim 2 Measures

Covariates

Demographics

The demographic information collected will include age, sex,
race, ethnicity, education, marital status, state of residence,
employment, income, and insurance.

Clinical Characteristics

The clinical characteristics collected will be date of diagnosis,
stage, and treatment received.

Melanoma Risk

The melanoma risk information collected will be eye color,
natural hair and skin color, skin reactivity to the sun, freckling,
moles, sunburn history, indoor UV tanning, and family history.

Environmental Factors

The environmental factors collected will be month of
assessment, residential location, and average UV index at solar
noon over the 3 months before each time point.

Primary Outcome Measure: Skin Self-Check
Comprehensiveness

A full list of outcome measures and covariates is shown in Table
2. The primary outcome consists of the following items: (1)
“Have you, or anyone else, not including a doctor or other
healthcare professional, ever checked any part of your body for
signs of skin cancer?” (yes or no), (2) “If yes, in the last three
months, did you check your body for early signs of skin cancer?”
(yes or no), and (3) “Doing a thorough skin check or skin
self-examination means spending time looking at the skin
systematically and deliberately. Please indicate whether you
thoroughly checked each of the following areas of your body
the last time you checked your body for early signs of skin
cancer: Scalp, face, neck, shoulders, front of arms, back of arms,
chest, stomach, upper back, lower back, front of legs, back of
legs, bottom of feet, buttocks, and genitals” (yes or no for each).
For all time points, comprehensiveness will be based on the
total number of body parts checked among participants who
conducted an SSE in the last 3 months. Participants who did
not conduct an SSE in the last 3 months will be coded as 0 for
this outcome.
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Table 2. Aim 2 measures.

Time 5Time 4Time 3Time 2BaselineMeasure

Covariates

✓Date of birth

✓Sex

✓Marital status

✓Race and ethnicity

✓Education

✓Insurance status

✓Employment status

✓Time since diagnosis

✓✓✓✓✓Month of assessment

Residential location

✓✓✓✓✓Average UV index at solar noon

Outcomes

✓✓✓✓✓Skin self-examination

✓✓✓✓✓Sun protection behaviors

✓✓✓✓Melanoma diagnosis, stage, thickness, and date

✓✓✓✓Clinician confirmation of cancer

Secondary Outcomes

Sun Protection Behaviors

Participants report how often they engage in 4 behaviors when
outside on a sunny day: wearing sunscreen with a sun protection
factor of ≥30, wearing a long-sleeved shirt, wearing a
wide-brimmed hat, and staying in the shade [66]. Items are rated
on a 5-point Likert scale (1=never; 5=always).

Clinical Outcomes

Participants report whether a new melanoma or other skin cancer
was diagnosed and the stage, thickness, and date. Physician
confirmation of this information will be collected.

Analyses of the Impact of MSS on SSE, Sun Protection, and
Clinical Outcomes

Analyses of Thorough SSE and Sun Protection

Demographics and baseline variables will be compared between
the 2 conditions using chi-square tests and ANOVAs for
categorical and continuous variables, respectively. These
variables, including outcomes, will also be compared by
recruitment source. Missing data will be handled using multiple
imputation with 50 imputed samples [67]. Tests of intervention
effects on thorough SSE and sun protection will be conducted
separately for each wave of postintervention data collection
using logistic regression models that treat baseline SSE or sun
protection, respectively, as a covariate. Given the large number
of potential additional demographic and medical covariates,
additional analyses will include the covariates that are significant
predictors of the outcome.

Sample Size and Power

On the basis of our previous study, we expect follow-up survey
completion rates between 80% and 93% at the 1-year time point
and 80% to 85% at the 18-month time point, which will result
in an expected final sample size of N=255. In the previous trial,
thorough SSE occurred at a rate of approximately 30% in MSS
at each time point, and effect sizes for conducting a thorough
SSE ranged from w=0.29 (8 weeks) to w=0.21 (6 months). Given
that the MSS intervention will be enhanced, we expect that the
SSE rate will be higher (45%), which will result in
approximately w=0.36. A sensitivity power analysis using
G*Power indicated that a sample of N=255 will be able to detect
an even smaller effect of w=0.22 with a 2-tailed test, Cronbach
α of .05, and power of 0.95. Thus, the expected effect of w=0.36
with a sample size of N=255 will be detectable with a power
of 0.99. Given that sun protection behavior is a secondary
outcome, we are not powering the trial for this variable.

Analyses of the Impact of MSS on the Diagnosis of New or
Recurrent Melanoma

The impact of MSS would be strengthened with data suggesting
that survivors who use MSS detect suspicious growths and bring
them to physicians for appropriate workup and diagnosis. Given
the likely low recurrence rate over the 18 months that
participants are followed for in this trial, the study is not
powered for testing hypotheses on this end point. Rather, we
will conduct an exploratory analysis to examine whether
diagnoses differ between MSS and UC. Specifically, the number
of diagnoses of earlier-stage new and recurrent melanoma at 18
months will be compared for the 2 conditions using either
negative binomial regression models or binary logistic models
depending on the distribution of new diagnoses (ie, if there are
patients with more than one new diagnosis during the period).
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If our findings show that more melanomas are detected in MSS,
we will conduct exploratory cost-effectiveness analyses from
the health care and societal perspectives by creating simulation
models of melanoma-related costs, disease progression, and
survival over 5- and 10-year analysis horizons from the start of
the trial (aim 3a).

Aim 3: Implementation Outcomes and Contextual
Factors Relevant to Future Scale-Up

Overview

The type-1 hybrid effectiveness-implementation approach allows
us to obtain vital data to inform future scale-up, dissemination,
and implementation. This aim has 3 parts. In aim 3a, we will
assess the costs of delivery of MSS and the control condition
website; if indicated by the results of aim 2, we will conduct
cost-effectiveness analyses. In aim 3b, guided by RE-AIM, we
will evaluate the implementation outcomes of MSS from the
aim 2 effectiveness trial. In aim 3c, we will elicit actionable
feedback on contextual factors relevant to future scale-up,
dissemination, implementation, and maintenance from multilevel
stakeholders, including survivors, providers, and representatives
of organizations invested in melanoma survivorship care.
Quantitative and qualitative data from aims 3a, 3b, and 3c will
be analyzed and interpreted together to provide valuable insights
and directions regarding implementation strategies needed to
inform the scale-up and widespread implementation, focusing
particularly on reach, adoption, implementation, and
maintenance. The results of aim 3 as a whole will answer the
following key questions: how can we increase the number of
MSS users to maximize adoption? What dissemination channels
are preferred to increase our reach to survivors? How can MSS
be maintained to provide a sustainable intervention for
survivors? What resources or adaptations are needed for
organizations and practices to integrate MSS into their
survivorship care offerings?

Aim 3a: Costs and Cost-Effectiveness

Assessment of Program Costs

The research team will track the costs of delivering both MSS
and the noninteractive educational web page. Costs will first
be estimated from a program perspective, capturing the explicit
resources required to deliver and maintain the program after all
start-up costs (eg, development and programming costs) have
been incurred. Costs that are needed to deliver the intervention
will be collected to inform the cost of scale-up, but any
research-related costs that would not be required for standard
program implementation will also be tracked. Sunk costs, which
are one-time upfront costs, will be reported separately from
ongoing program implementation costs. Program cost data will
be collected using a modified version of previous cost surveys
developed by the research team and adapted for several
interventions [68-73]. The cost surveys capture all relevant
labor- and non–labor-related inputs necessary to quantify costs.
Labor costs for program staff time (via questionnaires) will be
valued using actual or estimated wages. Nonlabor costs will be
obtained from program billing records; these include materials
and supplies used to support program and intervention activities
and costs of facilities and contracted services. The feasibility

of including the value of participant time spent on the
intervention will also be explored, where participants’ time will
be valued using age- and sex-specific wage rates. In addition,
if the results of the analysis in aim 2 indicate that more
melanomas are found among MSS participants than among the
educational web page arm participants, costs to the health care
sector will be estimated. These include the costs of diagnosing
and treating recurrent melanoma. Published estimates of
stage-specific medical costs of melanoma will be used to
calculate the treatment costs of melanoma by stage at detection
[74-79]. To estimate costs from a societal perspective, the costs
to each stakeholder group will be summed, including program
implementation costs, costs to the health care sector, and the
value of participants’ time.

Cost Analysis

Total and incremental program costs will be estimated for each
arm. Program development costs, a one-time capital investment,
will be calculated separately from ongoing implementation
costs, or the costs to maintain program delivery for the duration
of the intervention. Analyses will distinguish between fixed
costs, those that do not vary with enrollment rates (eg, server
maintenance), and variable costs, which increase for each
participant added. As most costs for MSS are expected to be
fixed, the mean cost per participant will be driven largely by
the number of enrolled participants. To explore the costs of
scale-up, sensitivity analyses will be conducted regarding
additional program dissemination efforts and variations in uptake
rates. The primary cost-effectiveness analysis will evaluate the
additional costs per thorough SSE completed for MSS versus
educational web page participants over the 18-month trial. This
analysis will be conducted from the program, health care sector
(including program costs and costs of health care use for lesions
detected), and societal (ie, health care sector plus participant
costs) perspectives. The incremental cost-effectiveness of MSS
relative to the educational web page will be determined as the
difference in mean costs between the 2 arms divided by the
difference in mean outcome changes [80,81].

Simulation Models of Melanoma-Related Costs, Disease
Progression, and Survival

If the findings show that more melanomas are detected in early
stages for the MSS arm relative to the educational web page
arm as expected, secondary or exploratory cost-effectiveness
analyses will be conducted from the health care sector and
societal perspectives by creating statistical simulation models
of melanoma-related costs and disease progression over 5- and
10-year analysis horizons from the start of the trial. Assuming
the equivalent likelihood of a melanoma recurrence for MSS
and educational web page participants, trial data on stage at
diagnosis for melanomas detected during the trial (from aim 2)
and published estimates of average stage at diagnosis for
survivor recurrences in the general population will be used.
Melanoma treatment costs beyond the trial period will be
simulated for both arms, where the hypothesis is that MSS
participants will have lower treatment costs than those in the
educational web page arm as earlier detection requires less
aggressive treatment. Mortality will also be simulated for both
arms to create an effectiveness measure of simulated life years
gained (LYGs) for MSS versus the educational web page
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comparison group. To estimate LYGs, reductions in melanoma
mortality for MSS versus the comparison group will be
combined with life expectancy data [82]. As health-related
quality of life among survivors of melanoma is similar to
health-related quality of life in the general population, there
will be no quality adjustment of LYGs as any differences across
arms in quality-adjusted life years would be driven by
differences in mortality [83-88]. The cost-effectiveness analysis
will examine the total incremental costs of MSS compared with
the educational web page arm. Incremental costs include
program implementation costs (excluding sunk and research
costs), health care use costs incurred during the trial and any
melanoma treatment costs simulated to occur beyond the trial,
and the value of patients’ time to participate in the intervention.
Incremental effectiveness will be calculated as LYGs for MSS
compared with the educational web page arm. Base analyses
will discount future costs and life years and use bootstrapping
methods to generate 95% CIs for the incremental
cost-effectiveness ratio. Sensitivity analyses will explore factors
such as rates of detection of thin lesions through SSE, which
may make MSS more cost-effective than the educational web
page comparator.

Aims 3b and 3c: Exploration of Implementation
Outcomes and Contextual Factors Relevant for Future
Scale-Up

Sample

MSS Participants

All participants in the intervention trial assigned to MSS will
complete surveys assessing specific implementation outcomes.
A subset of MSS participants (n=30) will be purposively selected
to participate in key informant interviews to reflect a diversity
of MSS outcomes, MSS use, ratings of acceptability, and
sociodemographic and clinical characteristics.

Additional Stakeholders

To ensure that we obtain a breadth of perspectives on the
potential for scale-up, dissemination, widespread
implementation, and maintenance of MSS, we will also identify
and invite 20 individuals from multiple groups involved in
melanoma treatment and survivorship to participate in key
informant interviews. These stakeholders will include additional

health care providers and representatives from the same
organizations participating in aim 1. Participants in aim 3 key
informant interviews will receive US $50 for completing the
interviews, which will be conducted in person or via
videoconferencing software.

Procedures, Measures, and Analyses

Overview

Aim 2 addresses the effectiveness of MSS. Aim 3a addresses
the costs associated with delivering MSS, an important factor
in the future potential scale-up of the intervention. In aims 3b
and 3c, we use mixed methods to focus on the remaining
RE-AIM outcomes and PRISM domains using data from the
aim 2 RCT combined with surveys and stakeholder interviews.

Quantitative Implementation Outcomes and Analyses

As this is a type-1 hybrid effectiveness-implementation study,
our analyses of implementation outcomes are primarily
descriptive and meant to inform future planning for scale-up,
dissemination, and implementation. Analyses of Reach will
describe the proportion of contacted individuals who express
interest by completing an eligibility survey. The clinical and
sociodemographic characteristics of potential participants will
be described and compared with those of the population of
survivors of melanoma. Analysis of Adoption will describe the
proportion of eligible participants who enter the intervention
website (Table 3). Analyses of Implementation will describe
the indicators listed in Table 3 and examine their variability by
participant clinical characteristics, sociodemographic
characteristics, and melanoma risk factors assessed in aim 2.
We will also examine the variability in indicators of
implementation by recruitment source (registry vs social media
advertisements). The Acceptability of Intervention Measure
(AIM) is a brief, quantitative measure of intervention
acceptability that has demonstrated content and structural
validity and test-retest reliability [89] as well as face validity
[90]. Participants respond to 4 statements using 5-point
Likert-type scales, with higher scores indicating higher
acceptability. The AIM will be completed by MSS arm
participants at the first follow-up. Acceptability ratings will be
summarized using descriptive statistics and compared across
clinical, sociodemographic, and risk factor groups.
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Table 3. Aim 3 implementation measures.

Data sourceMeasurementDefinitionOutcome

Reach ••• Recruitment and enrollment
data

Proportion of contacted participants who
complete an eligibility survey

Proportion and representative-
ness of individuals who ex-

press interest in MSSa •• National survivor data set

(eg, NHISb and HINTSc)

Sociodemographic and medical characteris-
tics of individuals who screen vs the popu-
lation of survivors

Adoption ••• MSS automated dataProportion of contacted participants who
consent, complete baseline survey, and en-
ter the intervention website

Proportion of individuals who
begin an intervention

Engagement ••• MSS automated dataNumber of core modules completedHow much individuals use
MSS • SSEsd performed with self-check program

• Number of views of MSS
• Use of each enhancement (incentives)

Program costs and cost-ef-
fectiveness

••• Staff, service provider, and
participant surveys; billing
and invoicing, including pay-
ments; and published litera-
ture

Surveys and billing and invoicing docu-
ments

Total and incremental costs of
MSS vs comparison arm; cost-
effectiveness of MSS

Feasibility ••• Health care providers and
professional organizations

Qualitative key informant interviewsPerception that MSS is feasible
for use, dissemination, and de-
livery

Acceptability ••• Participant surveysAcceptability of Intervention MeasurePerception that MSS is satisfac-
tory •• Survivors, providers, and or-

ganizations
Qualitative key informant interviews

Appropriateness ••• Survivors, health care
providers, and organizations

Qualitative key informant interviewsPerception that MSS is an ap-
propriate fit for intended use

Maintenance ••• Health care providers and or-
ganizations

Qualitative key informant interviewsPerceptions of the likelihood,
needs, and resources for main-
taining MSS delivery

PRISMe contextual factors ••• Survivors, health care
providers, and organizations

Qualitative key informant interviewsPerceived contextual factors

related to scale-up and D&If

aMSS: mySmartSkin.
bNHIS: National Health Interview Survey.
cHINTS: Health Information National Trends Survey.
dSSE: skin self-examination.
ePRISM: Practical, Robust Implementation and Sustainability Model.
fD&I: dissemination and implementation.

Qualitative Key Informant Interviews

Interviews will be conducted with stakeholders from each group
(ie, participants, providers, and organizations) to assess the
perceptions of potential barriers and facilitators to consider for
future scale-up, widespread implementation, and maintenance.
MSS participant interviews will be conducted within the month
following their final follow-up during the aim 2 trial. Interviews
with other stakeholders will be conducted following completion
of the effectiveness trial during the final study year.
Semistructured interview guides will include open-ended
questions and probes regarding [91] implementation outcomes
of feasibility, acceptability, and appropriateness of widespread
implementation of MSS for survivors of melanoma. The

potential for MSS maintenance will also be explored using
open-ended questions and probes, including resources available
and needed for the sustainability of the intervention from
multiple stakeholder perspectives. In addition, we plan to focus
on three PRISM domains: (1) organizational, provider, and
patient perspectives on the intervention; (2) characteristics of
the recipients of the intervention (survivors); and (3)
implementation and sustainability infrastructure (if MSS were
to be disseminated and supported by specific organizations
outside the research context). To elicit perspectives on the 3
PRISM domains of interest to scale-up, dissemination,
implementation, and maintenance, interview questions (as
appropriate for each stakeholder group) will focus on (1) current
approaches and practices relevant to the promotion of SSE; (2)
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the benefits and shortcomings of the MSS intervention; (3)
barriers to MSS use (for survivors and those who may suggest
it as a resource); (4) possible strategies to disseminate MSS to
survivors; (5) pros and cons of suggested dissemination channels
and strategies; (6) the “fit” of MSS with the missions and
objectives of providers, practices, and organizations; and (7)
resources, infrastructure, and other factors needed to sustain
MSS.

Qualitative Analyses of Implementation Outcomes

We will follow the guidelines established by the COREQ
(Consolidated Criteria for Reporting Qualitative Research) for
data collection, analysis, and reporting. The audio recordings
of the interviews and focus groups will be transcribed verbatim,
deidentified, and imported into the ATLAS.ti software
(ATLAS.ti Scientific Software Development GmbH) for
analysis. Directed content analysis will be used. This structured
method allows researchers to specify constructs of interest a
priori (eg, acceptability, feasibility, appropriateness, and PRISM
domains) and obtain detailed descriptions or elaborations of
them, classifying and coding themes within and across constructs
[92]. The study investigators will develop a preliminary
codebook for each stakeholder group. A primary and secondary
coder will independently code and discuss an initial subset of
interviews to explore thematic content and then merge and
explore them for concordant and discordant coding. After
refining the codebooks, they will recode the first set of
transcripts and determine the interrater reliability. After
achieving consistency, the coding process will continue. In total,
4 randomly selected transcripts will be identified for double
coding and evaluation of discordant coding, followed by any
needed modifications and recoding to achieve consensus. Once
the initial coding has been completed, 10% of the sample (ie,
1-2 participants from each stakeholder group) will be randomly
selected and invited to participate in a member-checking process
to determine whether additional data collection is necessary and
ensure that valid inferences are made through coding procedures
[93]. Following any further corrections, the team will develop
a summative grid of emergent themes across and within
stakeholder groups.

Synthesis of Quantitative and Qualitative Data to Inform
Scale-Up

Mixed methods data will be analyzed and integrated using a
concurrent parallel design [94]. As described previously, each
type of data (quantitative and qualitative) will initially be
collected and analyzed separately. A mapping and matrix
approach will facilitate the integration and interpretation of the
results, and joint displays will present the integrated results,
connecting qualitative themes with quantitative outcomes. The
results will be summarized within and across stakeholder groups
to allow for consideration of multilevel dissemination and
implementation strategies needed for future scale-up,
dissemination, implementation, and maintenance.

Data Safety and Monitoring
Before initiating this study, the Rutgers Scientific Review Board
will review the study procedures to ensure their scientific merit,
safety, legality, and technical feasibility per the established
policy. The proposed procedures will then be reviewed for

protection against risks by the Rutgers health sciences IRB.
Adverse events will be reported through the Rutgers CINJ for
processing as per the established policy. This policy includes
specific timelines for reporting events that are stipulated by the
IRB. In addition to the IRB, the Rutgers CINJ Protocol
Monitoring Committee reviews all adverse events for
investigator-initiated trials as they occur. The project
coordinator, under the direct supervision of the principal
investigator, will be responsible for reporting any adverse events
that are documented on the safety or adverse events form or
reported by the study interventionist. The Rutgers CINJ Protocol
Monitoring Committee will oversee the validity and integrity
of the data by conducting periodic audits of the study records.
The committee is empowered to suspend or close studies with
major deficiencies and provides direction to investigators in the
development of corrective action plans to rectify and meet
identified deficiencies. As part of the Protocol Monitoring
Committee function, accrual is monitored for clinical trials. All
clinical trials undergo a semiannual review by the Protocol
Monitoring Committee, at which time accrual figures are
reviewed. Specific accrual rates for each trial are required under
protocol monitoring policy. The Rutgers CINJ uses an internal
audit program to address retention of participants, adherence to
protocol, and data completeness. This audit program is reviewed
and governed by the Protocol Monitoring Committee. In
addition, there is a Data Safety and Monitoring Advisory Board.
This team will consist of a dermatologist, a psychologist, and
a survivor of melanoma from the community. The board, along
with the study principal investigators, will convene for an
in-person or virtual meeting annually. The agenda of the annual
meeting will be to review risk procedures, adverse event
reporting, and quality assurance. The Data Safety and
Monitoring Advisory Board will review any serious adverse
events reported as well as investigator adherence to eligibility
rules.

Results

To date, we have completed the first phase of aim 1; the
remaining phases of this aim are currently in progress. The
prototype and content for the MSS intervention were developed
in collaboration with Radiant Inc. Following the procedures
described in the Methods section, one set of stakeholder
interviews was conducted with 5 survivors of melanoma who
were shown the SSE body map component. A second set of
stakeholder interviews was conducted with another sample of
5 survivors of melanoma who were shown the goal-setting
module. Participants were shown the prototypes and wireframe.
The responses were summarized in field notes, and we reviewed
the notes and verbatim transcriptions of key informant
interviews. Each proposed enhancement was coded as
supportive, neutral, negative, or mixed. For those enhancements
that had multiple negative or mixed comments, the team decided
whether the issue could be addressed and crafted changes to the
content and approach that were congruent with stakeholder
feedback.

For the 2 sets of interviews, 19 patients were approached. Of
these 19 patients, 10 (53%) were enrolled and 9 (47%) refused.
The sample consisted of 50% (5/10) women and 50% (5/10)

JMIR Res Protoc 2024 | vol. 13 | e52689 | p. 15https://www.researchprotocols.org/2024/1/e52689
(page number not for citation purposes)

Manne et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


men, ranging in age from 32 to 75 (mean 57, SD 14.55) years.
They were primarily non-Hispanic White (9/10, 90%)
individuals, with 10% (1/10) of the participants identifying as
non-Hispanic Black. Most (9/10, 90%) were employed, and
50% (5/10) had a college degree or higher education. In total,
40% (4/10) had conducted a partial SSE in the last year, another
30% (3/10) had conducted a comprehensive SSE in the last
year, and 30% (3/10) had not conducted an SSE in the last year.

A summary of the comments regarding design and navigation
suggestions is provided in Multimedia Appendix 1. A summary
of comments about content is shown in Table 4.

The team provided the recommended changes based on the
feedback to the web developer. The interviewees in later
interviews reviewed the changes made in response to feedback
given in earlier interviews to provide confirmation on whether
the issue was adequately addressed.

Table 4. Feedback regarding mySmartSkin (MSS) content and coding for phase 1.

Team decisionCodingFeedback

Changed incentive options based on feedbackMixedMixed reviews on the incentive options

—aPositiveMSS would be very helpful for survivor-
ship care

—PositiveWish MSS was available for public use

—PositiveContent is thorough but quick to get
through, which will motivate patients to
use the app

—PositiveHelps user feel in control of their health

As some users felt that the content was manageable whereas others felt that it was over-
whelming, we added a time estimate for each chapter so users will know how long it will
take to complete so they can break the content into manageable sessions based on their
own schedule.

MixedContent seems overwhelming

Included gamification aspects such as badges and prizes that users can winNegativeMake the app more fun

—PositiveThe importance of SSEb and MSS comes
through in the content

—PositiveContent is straightforward, direct, and
concise

—PositiveThe app is visually pleasing

—PositiveUser likes the ability to make the text
bigger

—PositiveUser likes the use of statistics to reinforce
the importance of SSE

—PositiveWant to share app with family and friends

aNo decision made as feedback as positive.
bSSE: skin self-examination.

Discussion

Principal Findings
Once the analyses are completed, we anticipate that MSS
participants will be more likely to perform thorough SSE and
sun safety behaviors over the 18-month follow-up period and
propose that there will be more earlier-stage melanomas
diagnosed in MSS than in UC. In terms of the cost analysis, we
expect that MSS will be a more cost-effective strategy given
its greater effectiveness in increasing SSE and identifying new
or recurrent melanoma. For the reach outcome, we predict that
the demographic variables of survivors exposed to MSS will
not differ from those of the general population of survivors of
melanoma. For adoption, we propose that the proportion of
contacted or eligible survivors randomized to MSS who consent,
complete the baseline survey, and log into MSS will be equal
to or greater than the proportion who adopted the intervention

in our previous efficacy trial. For engagement, we propose that
80% of MSS participants will log into the intervention site at
least once. For acceptability, we predict that MSS will be rated
as highly acceptable, with mean acceptability ratings of ≥4 (out
of 5) on the AIM.

Strengths, Limitations, and Unanticipated Problems
The study’s strengths are the focus on both effectiveness and
implementation through the type-1 hybrid approach; multilevel
stakeholder engagement throughout the trial; a novel integration
of RE-AIM, PRISM, and health behavior frameworks; the
enhancement of a promising fully automated intervention; the
scalability of this mobile or web-based intervention; the cost
analysis; the longitudinal study design; and the inclusion of
clinical outcomes. There are few interventions that have been
evaluated to improve SSE among survivors of melanoma. No
published intervention is fully automated, which represents a
potentially cost-effective and scalable intervention delivery
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method. This study will advance the science of cancer
survivorship by optimizing a promising intervention for an
underserved group of survivors and preparing for widespread
dissemination and implementation. Few studies have focused
on implementation science aspects of consumer-facing digital
interventions. Our use of a type-1 hybrid
effectiveness-implementation trial will inform not only our
understanding of the effects and implementation of MSS but
also our understanding of future large-scale dissemination of
self-administered web-based interventions. By evaluating and
modeling the clinical outcomes, cost, and cost-effectiveness of
MSS, our work will provide information about the costs
associated with possible implementation and value.

There are at least 2 limitations. First, some individuals will not
use MSS despite its high dissemination. Second, SSE outcomes

are measured through self-report. However, this weakness is
mitigated by the fact that self-report measures have excellent
reliability and validity [14,66,95-100] and self-report has been
recommended as the most appropriate assessment approach for
wide-scale skin cancer risk reduction research [101].

Future Directions
If effective, MSS could be disseminated and delivered via
dermatologist practices, public health organizations such as the
American Cancer Society, and nonprofit organizations focused
on melanoma or in partnership with existing social media
channels. Future research should evaluate potential
dissemination and implementation strategies to reach survivors
building upon what we will learn in this study about the
contextual factors that may impede or promote the future reach,
adoption, implementation, and maintenance of MSS.
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