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Abstract

Background: Clinical trials have led to the development of new and effective therapies for many dermatologic conditions. To
our knowledge, there is no published study that has quantified and described the degree of involvement in clinical trials among
academic dermatologists and their university affiliates.

Objective: The purpose of this study was to characterize the involvement of academic dermatology departments in clinical
trials research.

Methods: An online survey was sent to 211 Veterans Affairs (VA)—employed dermatol ogists. It comprised 20 questions related
to the number of clinical trials, support staff dedicated to clinical research, skin diseases studied, and the effect of the COVID-19
pandemic on conducting clinical research. Three rounds of survey invitations were sent over a 3-month period (March to May
2021). Datafrom all survey responses were reviewed for quantitative and descriptive analyses of the key outcome measures.

Results: A total of 48 dermatologists completed the survey and provided their university affiliations and details of involvement
inclinical trialsresearch. Over half of participants (n=25, 58.1%) with auniversity &ffiliate reported that their affiliated dermatology
department had a dedicated clinical trials unit. Basal cell carcinomawas the most frequently studied skin condition (n=9, 18.8%),
followed by atopic dermatitis and psoriasis (n=4, 8.3% each); 66.7% of participants reported no current clinical trials participation.
Of those conducting clinical trials, 87% (n=18) noted that COVID-19 was abarrier to conducting trials, with 52.2% (n=11) citing
disrupted or decreased trials due to the pandemic.

Conclusions: Although many dermatol ogists with university affiliations reported having a dedicated clinical trials unit at their
institution, amajority of those surveyed reported not taking part in any activetrials. Overall, the diseasesinvestigated in academic
clinical trials appear to follow national trends, though some of the top dermatological diseases are underrepresented in clinical
trials research. A key limitation of our study was the low response rate (~23%) and that the survey responses from the sample of
VA-based dermatologists may not be generalizable to all academic dermatology departments in the United States. The effect of
the COVID-19 pandemic appeared to play a significant role in disrupting active trials.

(JMIR Dermatol 2022;5(3):€35379) doi:10.2196/35379
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Introduction

Skin conditions are acommon and burdensome health problem
in the United States, with 1 in 3 people affected at a given time
[1]. These conditions are associated with negative emotional
effects and a reduced quality of life, which contribute to
increased direct and indirect medical costs[1], and underscore
the importance of establishing efficacious treatment options.
Recent advancesin our understanding of dermatol ogic diseases
have enabled the development of cutting-edge drugs and
procedures. At the forefront of these devel opments are clinical
trials, with common skin diseases such as psoriasis and atopic
dermatitis well represented in clinical trials research [2]

A clinical trial, as defined by the International Committee of
Medical Journal Editors, is research that prospectively assigns
human participants to intervention and concurrent comparison
groups to study the cause-and-effect relationship between a
medical intervention and a health outcome [3]. Clinical trials
test treatment efficacy, advance our knowledge of medical
procedures, and may offer access to more beneficial drugs
compared to standard therapeutic options.

Although clinical trials are essentia for the advancement of
contemporary medicine and the field of dermatology, clinical
trialsresearch among Veterans Affairs (VA)—affiliated academic
dermatology departments and their associated institutions
reportedly varies by type and degree of participation [1]. To our
knowledge, there have been no studies characterizing the degree
to which academic dermatology departments are involved in
clinical trials, nor any that address which dermatologic
conditions are most frequently studied and which are currently
underrepresented in clinical trials. We sought to characterize
the involvement of academic dermatology departments in
clinical trials research with respect to the institutional support
provided for clinical trials, the conditions studied, availability
of research support, and barriersto conducting clinical research.

Methods

Overview

An online survey was created via SurveyMonkey (Momentive
Inc) (see Multimedia Appendix 1 for complete survey questions
and response summary) and was piloted among loca VA
dermatologists, who provided feedback and contributed to the
final survey design. The final survey consisted of 20 questions
asking for information related to the number of clinical trials,
support staff dedicated to clinical research, skin diseases studied,
and the effect of the COV1D-19 pandemic on conducting clinical
research. VA-based dermatol ogistswereidentified by alistserve

https://derma.jmir.org/2022/3/€35379
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cell carcinoma; psoriasis, atopic dermatitis; Veterans Affairs;

and invited to participate in an online survey-based assessment.
Three rounds of survey invitations were sent over a 3-month
period (March to May 2021), with 211 potential participants
contacted viaemail and invited to participate.

Datafrom all survey responses were reviewed for quantitative
and descriptive analyses of the key outcome measures. Two
reviewers (MK and TK) independently tabulated survey
responses, and a third reviewer (TS) confirmed the results.

Ethical Consider ations

The study was granted an exemption by the Colorado
Multi-Institutional Review Board and was approved by the VA
Eastern Colorado Hedth Care System Subcommittee on
Research Safety.

Results

A total of 48 VA dermatologists (48/211, 22.7%) completed
the survey. Responses are summarized in Multimedia A ppendix
1. All dermatol ogists who were surveyed reported having active
VA appointmentsand currently seeing patients, with 16 (33.3%)
reporting participation in clinical trialsresearch. More than half
of al respondents (n=31, 66%) reported not currently studying
any dermatologic conditions, although 38.7% (12/31) of these
reported prior (n=6) or planned (n=7) clinical trials research
(includes 1 participant who reported both prior and planned
research). The mgjority (n=43, 89.6%) reported an affiliation
with the dermatology department of a university; 25 (58.1%)
reported their university’s dermatology department had a
dedicated clinical trials unit.

Among the dermatol ogic conditions currently being investigated
inclinical trias, basal cell carcinoma was the most frequently
studied (participants: n=9, 18.8%; institutions: 26.7%), followed
by atopic dermatitis and psoriasis (participants: tied at n=4,
8.3%; ingtitutions. 10.0%). Of survey participants, 39.6% (n=19)
reported no involvement in clinical trials. Lack of time (n=29,
60.4%) and lack of resources (n=30, 62.5%) were cited most
frequently as barriers to involvement in clinical trials research.
For those who reported active participation in clinical trials,
most were involved in 1 or 2 trials (n=6, 12.5% each; total:
n=12, 25%). Among those who reported participation in clinical
trialsresearch, 52.2% noted an interruption or declinein clinica
trialsresearch secondary to the COVID-19 pandemic; 13% cited
lack of time dueto increased clinical and administrative duties,
and another 8.7% were unable to recruit adequate numbers of
staff or new patients. The remaining 13% stated that COVID-19
had a limited effect on their ability to conduct clinical trials.
Comments describing the impact of COVID-19 on clinical
research appear in Textbox 1.
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Textbox 1. Additional comments regarding the effect of COVID-19 on clinical trials research. VA: Veterans Affairs.

11. “Hard to keep up with clinical duties’

12. “Have not been able to do research”

15. “Limited recruitment for a period of time”

16. “Lack of accessto patients, and money/resources’
17. “Limited effect”

18. “COVID-19 has not affected my trials.”

active problems seen in atimely fashion”
20. “Slowed it”
21. “Tridsput on hold. Tria coordinator working virtually.”

23. “Only doing clinic now”

1. “Both University and VA were designated COVID hospitals. The U. is live again; the VA is evaluating studies on a case by case basis. None

reopened yet.”

2. “Cancelled onetrid - very limited support from the VA - will be leaving the VA soon due to lack of support for research”

3. “Clinical trial placed on hold and could not enroll. When we could enroll, patient no longer qualified”

4, “Continued to do studies with established patients. Couldn't start new trials or enroll new patients for awhile’

5. “Currently not actively engaged in projects; however, have been limited in the number of patients able to be seen, and projects, in general, have
been placed on hold.”

6. “Decreased activity severely”

7. “Deays’

8. “Fewer clinical trias’

9. "For the VA in particular, key staff werelimited in terms of availability and responsiveness. For the university affiliate, there was nearly amonth

delay in IRB review/approvals related to holiday closure and longer time off for staff (related to COVID surge)”
10. “Had to pause oneclinical trial, yet two are epidemiologic studies for which we are struggling to find statistical support”

13. “I have had to focus on clinical and administrative work (vs science) almost exclusively since COVID.”

14. “Lab and trials were shut down for many months and now only partially active”

19. “Patient numbers at our institution are severely limited. Would make doing research very challenging, since we can't get al our veterans with

22. “VA staff who participate are focused on COVID response and don't prioritize participation in research”

Discussion

Principal Findings

Our study revealed that basal cell carcinoma was the most
frequently studied skin problem among VA dermatologists,
likely correlating to the high incidence of skin cancer inthe VA
population [4]. Psoriasis and atopic dermatitis were the second
most commonly studied conditions. Thisis in line with other
recent work [5] that suggests an ongoing trend of psoriasisand
atopic dermatitis being among the most researched skin
conditions. Assessment of the clinical trials database maintained
by the USNational Library of Medicine[6] asof July 22, 2021,
similarly reflects the prominence of psoriasis and atopic
dermatitis among dermatologic trials, demonstrating that, for
the conditions reported in our survey, psoriasis accountsfor the
greatest number of active trials (n=727) nationwide, followed
by atopic dermatitis (n=450 active trials) and basal cell
carcinoma (n=176 active trias).

A comparison of the conditions reported in this study to
epidemiological data (1990-2017) from the Globa Burden of
Disease study [7] and its disability-adjusted life-year estimates

https://derma.jmir.org/2022/3/€35379

for themost burdensome dermatol ogical conditionsin the United
States [8] shows that several top skin diseases (including acne,
alopeciaareata, contact dermatitis, urticaria, and viral and fungal
skin diseases) were not investigated by any of the survey
respondents in our study. However, this could be due to the
small sample size and low response rate failing to capture all
diseases being studied by academic dermatology departments
inclinical trials.

In addition to gauging involvement in clinical trials among VA
dermatologists and their associated academic institutions, this
study sought to understand the impact of COVID-19 on
participation in clinical trials. Though survey participants
reported lack of time and resources as the greatest barriers
overal to pursuing clinical trialsresearch, COVID-19 was noted
to pose new challenges such as disruptions and delaysin trials,
lack of access to patients and resources, and increased clinical
obligations. Other studies have likewise found the pandemic
poses many obstacles for clinical researchers and study
participants, including, but not limited to, site closures,
mandatory self-isolation, travel restrictions, interrupted delivery
of investigational products, infection of staff or study
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participants, significant delays in the enrollment of subjects,
and difficulty in study monitoring [9,10].

Limitations

Limitations of this study include a low survey response rate
(~23%) and inclusion of only VA-affiliated dermatol ogists. We
estimate that the listserve used to distribute surveys may have
missed approximately 46 VA-affiliated dermatologists who
would have been dligible to participate; inclusion of these
dermatologists would increase the denominator and further
decrease the survey response rate.

Sivesind et &

trial efforts. It remains a challenge to balance patient care and
clinical research missions within academic dermatology
departments. Additionally, securing adequate support in the
form of qualified study personnel and financia resources support
to conduct high-quality research can be abarrier to maintaining
clinical trialsunits, especially during the COVID-19 pandemic.
Further work should be done to survey academic dermatology
departments directly and to compare the results with published
trials on ClinicalTriadls.gov. Use of the ClinicaTrials.gov
database could aso include surveying the full list of
dermatology-related clinical trials site locations to see which

of these are affiliated with academic institutions. Such studies
would provide a more robust assessment of investment in
clinical trids research among teaching hospitals and
dermatology faculties.

Conclusion

Our study suggeststhat academic dermatology departmentsare
conducting clinical trials in line with current national trends,
with atopic dermatitis and psoriasis at the forefront of clinical
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Skin cancer is the most common cancer in the United States
with adramatic increase in the risk of melanoma development
after serious sunburn [1]. The United States Preventative Service
Task Force recommendsthat all children and young adults aged
6 monthsto 24 years be counsel ed about skin cancer prevention
and sun protective habits [2]. Block the Blaze (BTB) is a
nonprofit run through the John Wayne Cancer Foundation
(JWCEF) that is dedicated to educating school -age students about
skin cancer detection and sun-protective habits. The Mayo Clinic
Alix School of Medicine (MCASOM) isone of the few medical
school chapters of the nonprofit, highlighting opportunities for
increased medical student community engagement. All
volunteers were required to complete both the Melanoma
Research Foundation’s melanoma educator certification course
and virtua training held by the JWCF on presenting to
school-age children in the community. Community presentations
focus on teaching school-age children about sun-protective
habits, skin cancer risk factors, and completing thorough skin
checks. The goal of the MCASOM BTB community education
programisto reach as many students as possiblevirtually while
working to transition to a hybrid virtual and in-person format
and expanding within the Rochester Public School District.

The leadership structure for BTB at MCASOM consists of an
internal team that coordinates volunteers and an external team
that coordinates community outreach for presentations.
Presentations can only be scheduled during the high schoal,
middle school, and elementary school academic calendar from
September to May.

https://derma.jmir.org/2022/3/€36793

Although leadership for BTB consisted of studentsfrom Mayo
Clinic campuses in Arizona and Minnesota in the first half of
its term, the 2 volunteer groups began to run autonomously in
the second half of its term in anticipation of in-person
community presentations as the pandemic subsides. The
timelines of thefirst and second terms are visualized in Figures
land 2.

M odificationsto the curriculum provided by the IWCF included
updating California skin cancer statistics to those of the local
state. Images were also updated to include more skin of color.
Photographs of dermatological conditions on skin of color are
limited and variable at the national level [3], which in turn can
be contributing to survival rate disparitiesand delayed diagnosis
of melanomain people of color [4].

A total of 113 teacherswere contacted in Minnesota during the
first term across different middle and high schools. Theresponse
rate to external emails was around 3.5%. A total of 40
presentations were scheduled, and 424 students were reached
at local schools, representing more than 2.4% (424/17,474) of
Olmsted County’s student population. The virtual programming
facilitates greater geographic reach for contacted schools and
provides scheduling flexibility so that volunteers from other
campuses could cover presentation shifts in a different state
when needed. However, the drawbacks of the virtual format
include technical and connection problems, lack of audience
feedback, and difficulties in coordinating with schools that are
having in-person classes. Community engagement interventions
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are often used to improve public health awareness and education,
address health care disparities, and offer social support for

Abdelwahab et a

disadvantaged groups [5].

Figure 1. Framework, timeline, and results of the first half of year 1 (spring). AZ: Arizona, MN: Minnesota.
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Figure 2. Framework, timeline, and results of the second half of year 1 (fall). AZ: Arizona, MN: Minnesota.
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Abstract

Background: A new and potentially dangerous health trend, testicle tanning, received extensive media attention following a
popular television program where a health and fitness influencer touted that testicular tanning increases testosterone levels. It has
been shown that the public has a particular interest in tanning wellness trends; thus, given the vague nomenclature of the practice,
the abundance of mideading information and support for using UV light by other health influencers may lead to an increase in
men exposing themselves to UV radiation and devel oping associated complications.

Objective: Theaim of this paper is to evaluate the public’sinterest in testicle tanning.

Methods: Relative search interest was collected from Google Trends, and daily tweet volume was collected using Twitter via
Sprout Social . The search wasfiltered to observeinternet activity between February 1, 2022, and August 18, 2022. Autoregressive
integrated moving average modelswere applied to forecast the predicted val ues through April 30 to compareto the actual observed
values immediately following the airing of the show.

Results: We found that the relative search interest for testicle tanning peaked (100) on April 19, 2022, following a discussion
of the topic on atelevision program. Compared to the forecasted relative search interest of 1.36 (95% CI —3.29 to 6.01), had the
topic not been discussed, it showed a 7252% increase in relative search interest. A similar spike was observed in the volume of
tweets peaking on April 18 with 42,736. The expected number of tweetsfrom the autoregressive integrated moving average model
was 122 (95% Cl —154 to 397), representing a 35,053% increase.

Conclusions: Our results show that the promotion of testicle tanning generated significant public interest in an evidence-lacking

and potentially dangerous health trend. Dermatol ogists and other health care professionals should be aware of these new viral
health trends to best counsel patients and combat health misinformation.

(JMIR Dermatol 2022;5(3):€39766) doi:10.2196/39766

KEYWORDS

general dermatology; google trends; testicle tanning; UV radiation; public trends; skin cancer; cancer; harmful; internet; health
trends; tanning

levels. While first described as exposing one's scrotum to
red-light therapy to enhance testosterone levels, this vague
nomenclature and lack of supporting detail could mislead many
into believing that exposureto UV light viasunlight or tanning
beds will provide similar benefits. It has been shown that the

Introduction

“Testicletanning” received extensive mediaattention following
an episode of Tucker Carlson Tonight, where ahealth and fitness
influencer touted that testicular tanning increases testosterone

https://derma.,jmir.org/2022/3/e39766 JMIR Dermatol 2022 | vol. 5 | iss. 3 |€39766 | p.12
(page number not for citation purposes)

RenderX


mailto:ryan.ottwell@okstate.edu
http://dx.doi.org/10.2196/39766
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DERMATOLOGY

public has aparticular interest in tanning “wellness’ trends[1];
thus, in this observational study, we evaluate the public’sinterest
in testicle tanning.

Methods

Relative search interest (RSI; 0-100) was collected from Google
Trends using the term “testicular tanning,” and from Twitter
via Sprout Social (SproutSocial.com) using terms “testicular
ORtesticle OR ball OR balls OR scrotum” and “tan OR tanning
OR sunning” to capture daily tweet volume. The search was
filtered to observe internet activity between February 1, 2022,
and August 18, 2022. Autoregressive integrated moving average
models were applied to forecast the predicted values through
April 30 to compare to the actual observed valuesimmediately

Ottwell et &

following the show’sairing [2]. Peak differenceswere calculated
with 95% confidence intervals to estimate spikesin data.

Results

We found that RS| for testicle tanning peaked (100) on April
19, 2022, following a discussion of the topic on the television
program (Figure 1). Compared to the forecasted RSl of 1.36
(Cl =3.29 t0 6.01), had the topic not been discussed, thiswas a
statistically significant difference, representing a 7252% increase
in RSI. Continued search interest in testicular tanning was
observed through August of 2022. A similar spikewas observed
inthe volume of tweets peaking on April 18 with 42,736 (Figure
2). The expected number of Tweets from the autoregressive
integrated moving average model was 122 (Cl —154 to 397), a
difference of 42,614, representing a 35,053% increase.

Figure 1. Searchinterestin "testicle tanning" from February 1, 2022, through August 18, 2022. L: lower; U: upper.
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Figure 2. Daily number of tweets related to "testicle tanning” from February 1, 2022 to May 1, 2022. L: lower; U: upper.
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Discussion

Similar to perineum sunning (aviral health trend performed by
exposing one'sanogenital areato direct sunlight) [1], our results
show that the promotion of testicle tanning on this television
program generated significant public interest in an
evidence-lacking and potentially dangerous health trend. The
interest in thistopic may be partially explained by theimmense
attention and advertising men’s sexual health and hormone
replacement or hormone enhancing therapiesreceiveinthe US
[3]. Although subsequent media coverage largely disfavored
testicle tanning due to lacking evidence and potential dangers,
other health influencers came to defend and encourage the
practice of testicle tanning, specifically by using UV light [4].
Proponents of testicle tanning commonly cite astudy from 1939,
which found that in asmall cohort of malesall with “ depressive
mental states,” UV irradiation to the genitals increased urinary
androsterone (a metabolite of testosterone) levels by “nearly
200%" [5]. Beyond this questionabl e study, research has shown
that exposureto UV radiation may increase sex steroid hormone
levels, however, these studies either do not include human
participants or do not specifically evaluate UV radiation
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exposure to the genitals [6-8]. Research shows that excessive
exposure to UV radiation may lead to higher rates of genital
tumor formation and decreased sperm counts, as
spermatogenesis is temperature dependent [9,10]. Thus, given
the current obsession with optimizing male hormonelevels, the
high cost of red-light therapy, and misleading information and
labeling of testicletanning by prominent influencers, there may
be an increase in men exposing themselvesto UV radiation and
developing associated complications. Limitations of our study
include the retrospective cross-sectional design and theinability
to determine the public’s intent, which necessitates future
research.

Our study highlights how a non-scientifically based and
potentially dangerous tanning practice can generate significant
public interest. Similar to our findings, in a previous study
published by JMIR Dermatology, it was found that public
interest in perineum sunning continued after the initial social
mediapost went viral (and continuesto trend in social and news
media stories nearly 3 years later); therefore, dermatologists
and other health care professionals should be aware of these
new viral health trends to best counsel patients and combat
health misinformation.
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Abstract

Background: Current clinician-led melanoma surveillance models require frequent routinely scheduled clinic visits, with
associated travel, cost, and time burden for patients. Patient-led surveillance is a new model of follow-up care that could reduce
health care use such as clinic visits and medical procedures and their associated costs, increase access to care, and promote early
diagnosis of a subsequent new melanoma after treatment of a primary melanoma. Understanding patient experiences may allow
improvements in implementation.

Objective: This study aimsto explore patients' experiences and perceptions of patient-led surveillance during the 6 months of
participation inthe MEL-SEL F pil ot randomized controlled trial. Patient-led surveillance comprised regular skin self-examination,
use of amobile dermatoscope to image lesions of concern, and a smartphone app to track and send images to atel edermatol ogist
for review, in addition to usual care.

Methods: Semistructured interviews were conducted with patients previously treated for melanoma localized to the skin in
New South Wales, Australia, who were randomized to the patient-led surveillance (intervention group) in the trial. Thematic
analysis was used to analyze the data with reference to the technology acceptance model.

Results: We interviewed 20 patients (n=8, 40% women and n=12, 60% men; median age 62 years). Patients who were more
adherent experienced benefits such as increased awareness of their skin and improved skin self-examination practice, early
detection of melanomas, and opportunities to be proactive in managing their clinical follow-up. Most participants experienced
difficulty in obtaining clear images and technical problemswith the app. These barrierswere overcome or persevered by participants
with previous experience with digital technology and with effective help from a skin check partner (such as a spouse, sibling, or
friend). Having too many or too few moles decreased perceived usefulness.

Conclusions: Patientswith melanomaare receptive to and experience benefitsfrom patient-led surveillance using tel edermoscopy.

Increased provision of training and technical support to patientsand their skin check partners may help to realize the full potential
benefits of this new model of melanoma surveillance.
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Introduction

Methods

Background

Globally, thereisalarge and growing number of peopletreated
for melanoma localized to the skin who require ongoing
surveillance for subsequent new melanoma [1]. Patients are
recommended to attend routinely scheduled clinics at intervals
varying between 3 and 12 months (clinician-led surveillance)
to facilitate early detection of subsequent new primary or
recurrent melanoma[2]. However, the optimum frequency and
duration of follow-up and the clinical effectiveness of
clinician-led surveillance are uncertain [ 3,4]. Many subsequent
melanomas are detected by patients themselves, partners, or
family members between scheduled visits [5,6].

These observations have led to the proposal of a new model of
follow-up care called patient-led surveillance. This model
involves regular and thorough skin self-examination (SSE),
teledermatology facilitated monitoring, access to fast-tracked
unscheduled clinic visits should the patient identify a lesion
confirmed as concerning by the teledermatologist, and
potentially fewer routinely scheduled clinic visits [7]. Mobile
teledermoscopy isamobile health store and forward technol ogy
in which patients use a mobile dermatoscope that attaches to
their smartphone camera during their SSE [8]. A smartphone
app isthen used to process, track, and send high-quality images
to ateledermatol ogist for assessment [9]. The adoption of mobile
health technology interventions and telehealth is dependent
upon their acceptance by patients and their treating clinicians
[10,11]. Petients at risk of subsequent melanoma have reported
that mobile tel edermoscopy is acceptable when asked about its
hypothetical use[9,12,13] and, in one study, after trying it out
themselves (used on a one-off basis) [14].

Objectives

The MEL-SELF pilot randomized controlled trial (RCT) [15]
(ACTRN12616001716459) compared 6 months of patient-led
surveillance in addition to usua care (intervention) with
clinician-led surveillance (usua care; control). Theintervention
was found to increase SSE frequency and thoroughness, clinic
visit frequency, skin lesion excision, and diagnoses of
subsequent new primary melanomaahead of routinely scheduled
visits, with no detectable effect on adverse psychological
outcomes. Adherence to the intervention was suboptimal, with
only half of the patients submitting any images for
teledermatology because of withdrawals and nonresponse. In
this nested qualitative study among a subset of intervention arm
participants, we aimed to explore patients perceptions and
experiences of patient-led surveillance using mobile
teledermoscopy, to understand possible determinants of
adherence, and to identify opportunities for improving
implementation of the intervention during the larger RCT.

https://derma.jmir.org/2022/3/€35916

Intervention Overview

The MEL-SELF pilot RCT was conducted from November
2018 to January 2020 and recruited 100 patients attending
routine melanoma follow-up at 4 skin cancer clinicsin Sydney
and Newcastle, New South Wales, Australia (3 specialist-led
clinicsand 1 general practitioner—ed clinic). Intervention arm
participants were supported to undertake regular SSE and
patient-performed  teledermoscopy every 2 months.
Teledermoscopy tools were provided by MetaOptima
Technology Inc. [16], including a mobile dermatoscope
(MoleScope 1) that integrates with  MoleScope
(smartphone-based skin imaging app) [17] and DermEngine (a
digital software system that facilitates the capture, storage,
communication, and analysis of skinimages by dermatol ogists)
[18]. Each intervention arm participant also received a booklet
of instructions and instructional videos. At the end of the
6-month study period, all 49 intervention arm participantswere
invited to participatein the qualitative study viapostal mail and
email, with follow-up invitations as needed.

Ethics Approval

This study was approved by the University of Sydney Human
Research Ethics Committee (X 15-0445) and the Royal Prince
Alfred Hospital (HREC/15/RPAH/593). All participants
provided informed consent. The reporting of thisstudy followed
the Standards for Reporting Qualitative Research [19].

Data Collection and Analysis

Semistructured telephonic interviews were conducted between
February and March 2020. An interview guide (Multimedia
Appendix 1) was developed by the authors, including the 2
consumer investigators (CL and DL). The interviews were
conducted by 3 members of the research team, al trained in
qualitative interviewing (EH, AM, and ES). The interviews
were audio recorded and transcribed verbatim using a
transcription service. Quantitative data on demographic and
clinical characteristics and on adherence were collected as part
of the pilot RCT using web-based surveys (REDCap [Research
Electronic Data Capture; Vanderbilt University]) and the data
analytics on image submission from the trial’ s teledermatol ogy
platform (DermEngine). RCT data regarding occupation were
clarified and expanded upon in the qualitative interviews and
then used to categorize the participants into occupation groups.
Adherence data from the pilot RCT were used to group
participantsinto categories of adherence, and then, we compared
patient accounts between and within these categories.
Preliminary codes were devel oped inductively from a subset of
6 transcripts [20] independently by 2 researchers, both
experienced in thematic analysis (EH and DD). Preliminary
codes and analytic memos were reviewed by the research team,
which included researchers from a range of backgrounds,
including clinical epidemiology, health psychology, behavioral
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science, and health economics. The emerging themes were
identified as analogous to the constructs of the technology
acceptance model (TAM). The general TAM framework posits
that a person’s intent to use and actual use are predicated on
their perception of the technology’s ease of use (usability) and
usefulness (benefit) [21] and has been used previously to assess
the acceptability of appsto support health care delivery [22-29].
Thereafter, we used an inductive and deductive coding approach
based on TAM [30]. Agreement between coders (DD and EH)
was high, and discrepancies were resolved through consensus.
The framework analytic method was used to organize codes,
identify themes, and explain how they relate to each other [31].
Data saturation and interpretation were determined through
ongoing coding of the remaining transcripts and discussions
with the research team. Coding was performed in Microsoft
Word, and Microsoft Excel was used for the thematic analysis
using a data matrix.

Results

Overview

Of the 49 intervention arm participants invited, 43 (88%)
responded and 20 (41%) agreed to participate in a telephone

https://derma.jmir.org/2022/3/€35916
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interview. Interviewsranged in duration from 13 to 36 minutes.
Those who participated in an interview were morelikely to have
submitted at |east one image (16/20, 80%) compared with 53%
(26/49) of intervention arm participants. Participants
demographics and frequency of image submission are
summarized in Table 1. All interviewees thought that the
intervention was a useful concept and a great idea for people
treated for melanoma. They said that it could potentially provide
quick access to an expert’s opinion between scheduled visits
and save time on physician’s appointments, particularly for
those who live at a distance from specialist services and would
otherwise delay accessing care. We interpreted these
hypothetical benefits (motivation to use the intervention) and
reasons participants gave for not using theintervention at all as
intention to use. Patterns of use throughout the tria follow-up
(including no use) wereinterpreted asactual use. Figure 1 shows
the adapted and extended TAM. Multimedia Appendix 2
includes additional illustrative quotes.
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Table 1. Characteristics of qualitative study and total intervention arm participants.

Drabarek et al

Characteristics

Qualitative study participants (N=20)

Total intervention arm participants (N=49)2

Sexb, n (%)
Male
Female

Age (years), mean (SD; range)

Remoteness area (by postcode) [32], n (%)

Major cities (metro)

Inner regiona (regional)

12 (60)
8 (40)
57.4 (13.2; 28-78)

17 (89)
2(11)

AJccd melanoma substage of first primary melanoma, n (%)

0
1A
1B

Digital technology—related occupation (yes)e'f, n (%)
Time sincefirst diagnosis (years), median (range)

Frequency of image submission (time points)?, n (%)

0

1
2
3

Total number of images submitted, median (range)

Melanomas detected at nonscheduled visits, n (%)

7(35)
12 (60)
1(5)

5 (25)

47(0.1-20.7)

4 (20)
6 (30)

9 (45)
1(5)
6.5(0-32)
2(10)

26 (54)
22 (46)
57.5 (12.3; 28-78)

38 (88)
5(12)

18 (39)
27 (56)
3(6)

5 (10)

5.5 (0.1-41.2)

23 (47)
12 (25)
12 (25)
2(4)

2 (0-35)
5 (10)

3Percentages may not add to 100% because of rounding.
BMissi ng data for 1 intervention arm participant.

®Missing datafor 1 qualitative study participant and 6 intervention arm participants.

dA JCC: American Joint Committee on Cancer, 8th Edition.

€An occupation was considered digital technol ogy—related when primary work tasksinvolved working with apps, using advanced or programing software,

or in information technology. Retired was counted as no.

"Data miss ng for 1 qualitative study participant and 7 intervention arm participants.
9Frequency refersto image submissionswhere therewas at least a 1-month interval between submissions. A total of 3 submissionsindicated that images

were submitted at all 3 time points (2, 4, and 6 months).
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Figure 1. Adjusted and extended technology acceptance model for MEL-SELF pilot trial. f2f: face-to-face; SSE: skin self-examination.
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Actual Use

Of the 20 intervention arm participants interviewed, 16 (80%)
used the intervention toolsto image lesions and submit them to
ateledermatol ogist for review. Of these 16 participants, 1 (6%)
submitted images at all 3 time points and 9 (56%) submitted
images at 2 time points. These 10 participants (10/20, 50% of
interviewees) were categorized as more adherent. Of the 20
participants, 6 (30%) submitted imagesat 1 time point; they are
referred to as less adherent. The remaining (4/20, 20%)
participants did not submit any images and were referred to as
nonadherent. These 4 participants provided important data to
help understand the high rate of nonadherencein thetrial. One
participant did not have a compatible smartphone, and 2
participants did not use the tools because of competing time
commitments and the unavailability of their skin check partner.
The fourth participant reported a sense of tech overload or app
fatigue and did not want to use yet another app. All 4
participants believed that their existing routinely scheduled
clinic follow-up visits were sufficient for melanoma
surveillance.

Perceived Ease of Use

Skin Check Partner or Other Helper

Having a skin check partner was an eligibility criterion for
participation in the pilot trial. Among the qualitative study
sample, skin check partners included spouses, friends, or
siblings. They were especialy helpful for imaging
difficult-to-view areas such as the back or back of the legs or
when the lesion was on the participant’s dominant hand or arm.
All participants who reported helpful assistance from a skin
check partner were among the more adherent, and some
participants reflected that it would not be possible to use the
intervention successfully without help. Apprehension about

https://derma.jmir.org/2022/3/€35916
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using the technol ogies, mentioned by the 2 oldest patients aged
78 years and 73 years, was mitigated in both cases by having a
tech savvy family member or skin check partner to assist:

I mean the technology is quite a bit new to us because
we're in the older generation. But my grandson
helped me get it going...so that worked out okay.
[male, 78 years, regional, nondigital technology
occupation]
However, having anominated skin check partner did not always
mean that they were available or were able to provide effective
assistance. One participant reported that their skin check partner
was reluctant to be involved and did not provide any help.
Degpite this, she persevered and submitted images at 2 time
points, but she found the process difficult. Among those less
adherent, only 1 participant mentioned having ahelpful partner,
and there was generally little mention of working together with
someone to take images.

Digital Technology—Related Occupation

Participantswho had the least amount of troublelearning to use
theintervention tools and found the written instructions adequate
tended towork in digital technology—related occupations. These
participants were among the more adherent. When these
participants encountered developmental glitches and bugs in
the app (such as when indicating a newly identified mole on
the full-body view or uploading and submitting images), they
were able to recognize that these problems were most likely
because of the app, rather than lack of their skill or knowledge.
One participant said of the intervention that the pros outweigh
the cons and subsequently persevered through problems with
the app. Among participants who were less adherent, none
worked in digital technology—related occupations and tended
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to experience more frustration and uncertainty when they could
not use or navigate the app with ease.

Taking Clear | mages

Participantsand their skin check partnerswere conscious of the
importance of taking images of adequate quality. Participants
who were more adherent tended to report that the dermatoscope
was easy to use or did not mention any problems using the
dermatoscope, whereas those who adhered less tended to be
less confident. For them and their skin check partner, taking a
good quality image became stressful and time consuming,
involving fiddling around and taking several images before
uploading one that they thought was of adequate quality. Some
were unsure of the correct technique in terms of knowing the
right amount of fluid or how much pressure to apply when
holding the device against the skin.

Lack of Face-to-face Demonstration

The remaining 3 participants said that the instructions provided
were adequate. Each of these 3 participants had a digital
technol ogy—rel ated occupation. Of the 20 participants, 17 (85%)
said that face-to-face training and demonstration would have
been beneficial to make the process of learning to use a new
technology more efficient and to increase their confidence in
whether they were doing the right thing:

It would have made things easier. For instance, if
there was a session where everyone was handed their
little lens for the phone and to just have a practice
and be told which part of the app to go to in which
sequence for instance. [female, 60 years, metro,
nondigital technology occupation]

Participants also said that face-to-face instruction would have
provided an opportunity to ask for clarification of trial
instructions such as how many moles to image per time point
and an explanation of where theimages were sent. Importantly,
participants mentioned that because skin check partners were
taking theimages, they should beincluded in any demonstration
and training:

My wife wasn't sure exactly...and | couldn’t help her
by not seeing where she was photographing...|
couldn’'t know if she was doing it right or wrong, but
I think it would’ ve been easier for both of usto go up
there and just get a demonstration, to make sure we
did it right. [male, 63 years, Metro, nondigital
technology occupation]
There was aso a general sense of having to get used to the

intervention, in terms of using the tools with confidence and
integrating them into an SSE routine.

Per ceived Usefulness

I ncreased Awareness and SSE Practice

Among those who had least difficulty in using the intervention
and were more adherent, there was a strong sense of increased
awareness of what was happening on their skin. Thisincluded
looking more closely at molesthat they would not have looked
at otherwise and conducting more regular skin checks:

https://derma.jmir.org/2022/3/€35916
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So, it gave me an opportunity—like it gives you a
regime and it puts a tool in your hands, so it means
that you pay more attention. [male, 53 years, metro,
digital technology—related occupation]

Another participant felt empowered by being more involved in
their melanoma follow-up:

So going on the trial was good because | could get
that extra sense of control over what was happening
with my moles. | could be watching it more
carefully...it was an extra chance to be proactive.
[female, 43 years, metro, digital technology—related
occupation]

Another participant appreciated having easy access to a track
record of concerning moles on their phone. For 2 participants,
increased awareness of their skin caused additional anxiety
because of the possibility of finding another melanoma;
however, this did not detract from their perception of the
usefulness of the intervention or impact their adherence.

Reassurance and Early Detection

Participants who were more adherent explained that they felt
reassured with having access to additional care, meaning that
concerning lesions were being monitored between scheduled
appointments and, if necessary, action would be taken:

Well, you know that someone is checking on you

monthly. So, to me, that’s a good thing...And if they

say to come back and get your doctor to check, well,

really that’s only for your benefit, isn't it? [female,

60 years, regional, nondigital technology occupation]
A total of 2 participants, also among those who were more
adherent, highlighted their experience of the intervention’s
ability to facilitate the early detection of melanoma. They
reported having a melanoma detected and diagnosed 2 months
and 3 months ahead of their next routinely scheduled
appointment:

WA, it picked up a melanoma, | thought that wasjust
amazing, otherwise, it would have been another three
months before they picked it up. [male, 73 years,
metro, unknown occupation]

Having Many Moles

For the 4 participants who reported having dysplastic nevus
syndrome, high perceived health threat influenced the stress
and anxiety associated with theintervention. Three participants
suggested that it may be more useful for people with fewer
moles. Stress was caused by the possibility of not identifying
moles of concern, not knowing which moles to image, having
trouble finding the same mol e that they had previously imaged,
and having to arrangefor additional clinic visits. These concerns
were shared by the patients' skin check partners, who were
tasked with ensuring that the images were of adequate quality.
Of the 4 participants, 2 (50%) stopped using the intervention
after submitting images at one time point, preferring to leave
the responsibility of their skin examination solely to their
physician:

It's stressful when somebody’s asking, “ What about
this one? What about that one?” and at the end of
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the day, if you' re spending too much time it becomes,
“Didwemissone?” or “ Should we have put that one
on?” ...for me, I'd rather have him checking it every
three months because of what I’ ve been through for
the past four or five years, you know. [male, 69 years,
metro, nondigital technology occupation]

Of these 2 participants, 1 (50%) aso found the tools very
difficult to use, which compounded his frustration causing him
to“chuck it [the intervention] inthetoo hard basket.” The other
2 participants were among those who were more adherent. One
participant reported that they would definitely keep using digital
technologies beyond the trial if given the opportunity, and the
other participant said that they would be unlikely to do so.

A total of 2 other participants said that confidence in using the
intervention may increase if the moles to image were chosen
with the physician, thereby reducing reliance on the participant’s
or skin check partner’s ability to discern which moles were of
most concern:

..maybe selecting the spots on your body in
consultation with your doctor would make you feel
more confident. [female, 60 years, metro, nondigital
technology occupation]

Unnecessary Health Care Use

A total of 3 participants reported that the intervention resulted
in unnecessary care. For 1 patient with many moles, the
intervention prompted several additional clinic visitsfor lesions
that were already being monitored by the treating physician.
This caused the patient to question the usefulness of the
additional visits, that had resulted in quite alot of anxiety and
anincreasein health care costs. The need to image a prescribed
minimum number of concerning moles also caused anxiety for
this patient, as each additiona mole photographed was
potentially another skin cancer:

I’ve already had anxiety, but every time | submitted
my pictures, | was told | had to find three or
four—therewasa requirement for molesthat | needed
to note if | detected changes or wanted to be
monitored and obviously, you're like, “ | guess I've
got to find another one’ [female, 43 years, metro,
digital technology—related occupation]

Another participant, also with many moles, recounted that
having to look for aprescribed number of new concerning moles
was not helpful, as he did not know which onesto choose from.
In addition, in the fast-tracked appointment that he was
requested to make, it turned out that an image of a stretched
lesion in which too much pressure had been applied had
prompted the recommendation. A third participant, who had
very few moles, felt that the intervention was not useful for
them because they felt compelled to submit images of lesions
they were not concerned about. This participant was among
those who were less adherent. It isimportant to highlight these
instances of unnecessary care; however, they did not have a
clear effect on adherence.
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Receiving the Teledermatologist’s Report

Feedback from a teledermatol ogist was received successfully
by some participants, one saying that the response time as
excellent. However, for others, the lack of timely feedback from
the teledermatol ogist put the usefulness of theintervention into
question. Technical problemswith thetel edermatol ogy feedback
loop including absence of a sent confirmation or not receiving
the teledermatologist’s report at al resulted in uncertainty.
Participants explained that they were not sure if they had used
the intervention correctly, if the images had been received at
the other end, or if they were required to make an appointment
with their physician:

...this happened a couple of times, when | submitted
something that | felt was unusual...nothing came back,
| didn't get a response, | didn't get a report from the
specialist on thereceiving end...So, | think there was
a little bit of a disconnect initially... [male, 53 years,
metro, digital technology—related occupation]

Receiving the teledermatologist’s report also caused anxiety
for some participants, but not more anxiety than they
experienced when receiving other test results about their
melanoma risk. The use of the word urgent in the
teledermatologist report provoked some alarm, but this was
balanced by the reassurance of knowing that if another
melanomawas suspected, then action could betaken. Receiving
theteledermatologist’sreport isintegral to the usefulness of the
intervention; however, whether receiving feedback had a clear
impact on adherence is difficult to discern, as most accounts of
problems with feedback came from those who were more
adherent and for whom there were more opportunities for
problems to occur.

Discussion

Principal Findings

In this qualitative study of patients randomized to patient-led
melanoma surveillance using teledermoscopy, we found that,
in practice, among participants who were more adherent
(submitted images at 2 or 3 time points), the intervention
prompted increased awareness of their skin and SSE practice,
reassurance, and early detection of subsequent melanoma. These
more adherent participants were those who found the
intervention easier to use because of working in a digital
technology—related occupation and by having an effective skin
check partner. Those who submitted imagesat only 1 time point
found the tools too difficult to use. This outweighed the
perceived potential benefits and impacted their intention to use
the intervention tools. Although a few participants found the
intervention tools easy to use from the start, most participants
experienced varying degrees of difficulty intaking clear images
and encountered several developmental glitchesand navigational
issues in the app. These participants needed repeated practice
before they found the tools easier to use. Perceived usefulness
was lower in people with many moles, especially when it
prompted unnecessary clinic visits. Those who did not submit
any images explained that their nonadherence was because of
competing time commitments, not having an available skin
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check partner, not having a compatible mobile phone, or app
fatigue.

In our study, anxiety was not a clear delineating factor between
those who were more or less adherent; however, it was present
in the experiences of most participants and their skin check
partners. High perceived health threat associated with apersonal
history of melanoma, increased patient and skin check partner
anxiety, particularly among those with many moles. Accounts
of stress and anxiety among these patients in our study and in
other studies suggest that patients with many moles may require
more ongoing support to conduct patient-led melanoma
surveillance because of difficulty in selecting moles and
increased risk [14,33].

Aligning with the core hypotheses of the TAM framework [21],
we found that ease of use and usefulness influenced intent to
use and actual use. However, we also found that despite the
initial intention to use, perceptions of ease of use and usefulness
after the follow-up period were more influential in explaining
actual use. Our findings also indicate that actual use impacted
ease of use and usefulness, in that those who used the
intervention over a longer period found it easier to use (after
getting used to it) and experienced more of its benefits. TAM
is commonly used to assess factors that influence the intention
to use health technologies. Intention to use is interpreted as a
measure of acceptability [23,25,27], even when participantsare
only asked about hypothetical use [26] or it is not clear if all
participants have used the technology [29]. In studies that
include actual usein their final TAM model, intention to useis
not alwaysastrong or statistically significant predictor of actual
use [24,25]. Intention to use, measured hypothetically or after
a short period of use, may not always be a good predictor of
actual use behavior [28], particularly when digital technology
requires a period of learning and is being used in the
management of high-risk conditions. Qualitative assessment
after implementation, and over time, may produce a more
accurate and comprehensive understanding of context and
patient and intervention characteristics that influence actual use
behavior [34] to better inform implementation strategies.

Overwhelmingly, participants suggested that training and
demonstration were necessary for themselves and their skin
check partner. One-to-one training in SSE has been found to
result in greater SSE skill acquisition compared with a paper
workbook or electronic interactive training [35]. Previous
research has found that a partner’s attendance at SSE skills
training increased the frequency of SSE [36,37]. A patient and
partner working together as a dyad has aso been found to
improve SSE practice [38]. In their assessment of mobile
teledermoscopy, Horsham et a [14] found that most participants
had the help of a family member to take photos and submit
images. However, the necessity of having a skin check partner
excludes people who do not have someone to help them take
images regularly, and further consideration is needed on how
to best support these people to undertake regular
self-surveillance and act on their results.

Thelack of image submission by almost half of all intervention
participants in the pilot RCT could be explained by the
additional effort and time needed to learn to use theintervention
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and then use it routinely with a skin check partner, in addition
to usual care. When combined with a high perceived health
threat from their increased melanoma risk, this may mean that
some patients prefer to rely solely on their physician for
follow-up care [7,34]. However, early one-on-one training and
demonstration may make the learning process less daunting,
encourage participation of skin check partners, and create a
supportive connection between trial staff and participants. This
may encourage more participantsto try the intervention and to
continueto engage with it over alonger term. Among our study
sample, those who used the intervention over alonger period
reported more positively on ease of use and usefulness,
highlighting the importance of supporting skill acquisition to
increase self-efficacy.

Our findings have assisted in refining the design and
implementation of a larger ongoing RCT on patient-led
melanoma surveillance [39], and several changes have been
made. To help overcome barriers to perceived usefulness,
particularly for those with many moles, atarget lesion will be
selected by the treating clinician, an approach suggested in
previous studies [9,40]. To reduce the potential for medical
overuse [41], the need for a minimum number of lesions has
been removed. If the patient does not have other lesions of
concern, they will not need to submit any images other than
those of the target lesion. Clinical practice guidelines
consistently recommend that patients should be taught SSE, but
the optimum frequency of SSE and teledermatology remains
ill-defined [42]. The frequency of image submission requested
in the pilot trial was assessed to be too high, as only a small
proportion of participants in the pilot RCT, including only 1
qualitative study participant, were able to submit images at all
3 time points [15]. The frequency of image submission will be
reduced from every 2 monthsto every 3 months. All intervention
arm participantsand their skin check partnerswill be encouraged
to participate in one-to-one demonstration sessions with the
study staff, in addition to receiving instructional videos and
written instructions. The study staff will also be available for
the duration of the follow-up period to assist patients with
troubleshooting. In addition, the technology provider has made
several improvementsto the app and teledermatol ogy feedback
system, which addresses the technical difficulties experienced
by the participants, including nonreceipt of the
teledermatologist’s report.

The patient-led surveillance approach has the potentia to
partially (or completely) replace routinely scheduled visits.
However, during thisinitial stage in which we are evaluating
the safety and effectiveness of the intervention, we have
implemented it in addition to usual care, both in the pilot trial
that this study relates to and the larger trial that is ongoing. In
the process of co-designing these studies, it was clear that both
clinicians [43] and patients [12] preferred implementation in
addition to usual care as a first step before considering
circumstances in which it might replace (in part or in whole)
routinely scheduled visits. Although we implemented the
intervention in addition to usual care, we are surveying patients
regarding their acceptance of a hypothetical reduction to their
routinely scheduled clinic visits. We envision that this may
inform situations in which the intervention might replace some
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routinely scheduled visits. Datafrom interviewswith clinicians
involved in the pilot trial were also informative. The clinicians
indicated that after experiencing the actual use of the
intervention in the pilot trial, they anticipated that in some
clinical scenarios, it may replaceroutinely scheduled visits—in
particul ar, where a specific lesion is being monitored for change
(these findings have recently been corroborated; Drabarek, D,
unpublished data, May 2022). In other scenarios, it may be used
in addition to usual careto triage which patient concernswarrant
review in the clinic—in particular, where a new lesion needs
evaluation. Further exploration of these different uses of
patient-led surveillance, the patients most likely to benefit from
this approach, and integration with other approaches to
surveillance [44] could help to define how it may be used inthe
most clinically effective and cost-effective way.

Strengths and Limitations

As our findings draw on patient experiences over the 6-month
trial period, they provide novel insightsinto theimplementation
of patient-performed tel edermoscopy interventions. Asthe study
period alowed for repeated use of the intervention tools, we
were able to interrogate a variety of adherence patterns and
identify facilitators and barriersto these and their determinants.
These findings have assisted in anticipating and mitigating the
risk factorsfor low adherenceinthelarger MEL-SELF trial and
may also be useful for future studies. Our findings also draw
on the experiences of astudy samplewith variationsin relevant
demographic characteristics such asage, residing in metropolitan
or regional areas, and digital technology self-efficacy. However,
as an opt-in recruitment method was used, the qualitative
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substudy sample was much more adherent than those who did
not agree to participate in an interview; thus, additional
explanations for nonadherence may have been missed. Further
research is necessary to understand the low uptake of mobile
teledermoscopy interventions among patients. In addition, some
aspects of the results reflect the use of software that wasin its
development phase, and the findings may not be transferrable
to patients using teledermoscopy technologies created by
different developers. A time frame longer than 6 months may
have revealed further determinants of actual use. Finaly,
because interviews were conducted at the end of the pilot trial,
experiences of learning to use the intervention tools at the
beginning of the trial may not aways have been reported
accurately.

Conclusions

Patient-led surveillance is a complex behavioral change
intervention. It aimsto improve patients’ knowledge, skills, and
confidencein performing SSE using digital technologies so that
they are better able to detect and act on concerning changes to
moles and other skin lesions. Understanding how and why
patients do or do not use this intervention is fundamental to
increasing adherencewithinaclinical trial setting and increasing
uptake in clinical practice, if it is found to be a clinically
beneficial and cost-effective method of melanomasurveillance.
Ultimately, it may allow access to melanoma follow-up care
regardless of geographical location [45] and could become a
new normal method of surveillance after the COVID-19
pandemic [46].
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Abstract

Background: Store-and-forward (SAF) teledermatology uses electronically stored information, including patient photographs
and demographic information, for clinical decision-making asynchronous to the patient encounter. The integration of SAF
teledermatology into clinical practice has been increasing in recent years, especialy during the COVID-19 pandemic. Despite
this growth, data regarding the outcomes of SAF teledermatology are limited. A key distinction among current literature involves
comparing the quality and utility of images obtained by patients and trained clinicians, as these metrics may vary by the clinical
expertise of the photographer.

Objective: This narrative literature review aimed to characterize the outcomes of SAF teledermatology through the lens of
patient- versus clinician-initiated photography and highlight important future directions for and challenges of the field.

Methods: A literature search of peer-reviewed research was performed between February and April 2021. Key search terms
included patient-initiated, patient-submitted, clinician-initiated, clinician-submitted, store-and-forward, asynchronous, remote,
image, photograph, and teledermatology. Only studies published after 2001 in English were included. In total, 47 studies were
identified from the PubMed el ectronic database and Google Scholar after omitting duplicate articles.

Results: Image quality and diagnostic concordance are generally lower and more variable with patient-submitted images, which
may impact their decision-making utility. SAF teledermatol ogy can improve the efficiency of and accessto care when photographs
aretaken by either clinicians or patients. The clinical outcomes of clinician-submitted images are comparable to those of in-person
visitsin thefew studiesthat have investigated these outcomes. Coinciding with the onset of the COV1D-19 pandemic, asynchronous
teledermatol ogy helped minimize unnecessary in-person visitsin the outpatient setting, as many uncomplicated conditions could
be adequately managed remotely via images captured by patients and referring clinicians. For the inpatient setting, SAF
teledermatology minimized unnecessary contact during dermatology consultations, although current studies are limited by the
heterogeneity of their outcomes.

Conclusions: In general, photographs taken by trained clinicians are higher quality and have better and more rel evant diagnostic
and clinical outcomes. SAF teledermatology helped clinicians avoid unnecessary physical contact with patientsin the outpatient
and inpatient settings during the COV1D-19 pandemic. Asynchronous teledermatology will likely play agreater rolein the future
as SAF images become integrated into synchronous teledermatology workflows. However, the obstacles summarized in this
review should be addressed before its widespread implementation into clinical practice.

(JMIR Dermatol 2022;5(3):€37517) doi:10.2196/37517
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Introduction

The role of telecommunications in clinical dermatology
(teledermatology) is continually expanding as technology
becomes an inextricable component of medical practice. The
COVID-19 pandemic has driven it to the forefront of many
dermatology practices around the world, often with rapid
implementation spurred more by necessity than methodol ogy.
Teledermatol ogy can be classified by the temporal relationship
between the clinician’s decision-making and the patient
encounter. Synchronous teledermatology takes the form of
web-based, real-time patient visits and is outside the scope of
this review. Asynchronous, or store-and-forward (SAF),
teledermatol ogy uses electronically stored information, such as
patient photographs and demographic information, for medical
decision-making.

Data on SAF teledermatology vary considerably depending on
how studiesare structured. A key element of experimental setup
is whether the SAF images are acquired by atrained clinician
or the patient. Intuitively, variation in the quality and utility of
patient-submitted imagesisto be expected. These characteristics
may depend on whether a patient possesses a high-quality
camera, their understanding of clinical photography, and their
access to assistance with taking photographs—elements that
aremorereadily availableintheclinical setting. Characterizing
the differences in SAF images submitted by clinicians versus
patients is crucial as more health care systems integrate
teledermatology consultation programs into clinical practice.
Given the lack of comprehensive articles regarding this
distinction, this review will explore the outcomes, consider the
impacts of COVID-19, and highlight the future directions of
asynchronous teledermatology based on whether photographs
aretaken by clinicians or patients.

Methods

A narrative review of peer-reviewed literature was performed
between February and April 2021 to identify articles pertaining
to SAF teledermatology with clinician- and patient-initiated
images. Key search terms included patient-initiated,
patient-submitted, clinician-initiated, clinician-submitted,
store-and-forward, asynchronous, remote, image, photograph,
and teledermatology. The study designs of the identified
literature included a meta-analysis, systematic reviews,
randomized controlled trials, and observational studies.

Only studies published after 2001 were included in the search
criteria, although asubstantial number of articlesrelated to SAF
teledermatol ogy were published in the past decade. In total, 47
studies were selected from the PubM ed el ectronic database and
Google Scholar after omitting duplicate articles. Inclusion
criteriaconsisted of articlesthat primarily examined theclinical
aspects of SAF teledermatology, such as diagnosis, waiting
intervals, changein management, clinical outcomes, and image
quality. Survey studies and observational reports were also
included if they primarily focused on the use of SAF
teledermatology in patient care. Studies that investigated
synchronous but not asynchronous teledermatology, focused
on SAF teledermatology outside of patient care (eg, economic

https://derma.,jmir.org/2022/3/e37517
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analyses), and were not available in English were excluded. In
total, 2 independent researchers with knowledge of study
interpretation and literature review performed separate
screenings of the literature and validated their search results.
Several studiesin thisreview met the exclusion criteriabut were
included as discussion points rather than for result interpretation.

Results

Image Quality

The evaluation of aphotographed skin condition can be heavily
influenced by its image quality. Several studies that assessed
images taken by trained clinicians found that those deemed of
low or poor quality ranged from approximately 5% to 20%
[1-4]. Incontrast, the quality of patient-initiated imagesismore
variable. One study of patients who submitted smartphone
images of their skin lesionsto dermatol ogists found that around
half took their own photographs[5]. The authors excluded nearly
10% of the images from assessment due to poor image quality
[5]. Given that this study population consisted of university
students, the number of poor-quality images could be much
higher in populations with lower technologica proficiency or
those without assistance in capturing photographs [5]. Other
studies with similar experimental setups have observed that
low-quality images comprised approximately 10% to 40% of
all patient-submitted photographs [6-8]. Though data indicate
that clinician-initiated images are generally higher quality than
patient-initiated images, standardizing the photography of skin
conditions may be useful for teledermatologists receiving
primary carereferralsand direct patient messages. For instance,
toolsinthe electronic health record (EHR) could remind patients
and referring clinicians to provide images with the appropriate
lighting, field of view, and focus[9].

Diagnostic Agreement and Accuracy

Interrater agreement refersto the degree to which the responses
of 2 or moreraters are similar [10]. When responses pertain to
the diagnosis of a disease, it is called diagnostic agreement or
concordance, which can be reported as exact agreement between
evaluatorsor asthe sum of exact agreement and weighted partial
agreement of categorically similar diagnoses [11]. The
diagnostic concordance rates between teledermatologists
evaluating SAF images and dermatologists seeing patients
face-to-face (FTF) range from approximately 60% to 90% for
the studies included in this review [2-4,12,13] (Table 1). One
study found that the agreement between 2 dermatol ogists who
evaluated images remotely was 68% compared to 88%
concordance when these same dermatol ogi sts eval uated patients
at aFTF visit [3] (Table 1). A recent meta-analysis found that
FTF diagnostic concordance rates are significantly higher than
remote concordance rates, although the study did not stratify
by whether the SAF images were generated by clinicians or
patients [14]. Notably, 3 of the 6 studies included in the
meta-analysis were published prior to 2000, indicating a need
for more up-to-date research [14]. Another consideration that
may impact diagnostic concordanceisthetraining and practice
setting of the referring clinician. Pasadyn et a [15] identified
that diagnostic agreement was highest (50%) between
teledermatol ogists and physicians referring from office visits,
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compared to teledermatologists and nurse practitioners,
physician assistants, or physiciansreferring fromwalk-in clinics
(around 30%; Table 1).

Recent evidence suggests that the diagnostic utility of SAF
images depends on lesion type. Warshaw et al [1] found that
diagnostic concordance between SAF images evaluated by a

Jang et d

teledermatol ogist and those same conditions examined in-person
were higher for pigmented |lesions than nonpigmented lesions.
Interestingly, they observed that concordance between
management recommendations made by a teledermatol ogist
and an in-person dermatologist was lower when evaluating
pigmented lesions, which may be in part due to the option to
write in answers for decision-making [1] (Table 1).

Table 1. Diagnostic outcomes for store-and-forward teledermatology. The results are reported as percentage exact agreement or percentage exact and

partial agreement with a 95% ClI.

Type Setting Sample Outcome Reference
Clinician-initiated
Observationa Single-center study in the 2152 patients  52.8% to 93.9% diagnostic agreement for pigmented Warshaw et a
United States (Minnesota) lesions, 47.7% to 87.3% diagnostic agreement for [1]
nonpigmented lesions, 66.7% to 79.8% management
agreement for pigmented lesions, and 72% to 86.1%
management agreement for nonpigmented lesions
Observational Single-center study in the 135 children 829 agreement between TD?and FTF? diagnosis (95%  Heffner etal [2]
United States (Wisconsin) Cl 73%-88%)
Observational Web-based app in Sweden 40 adults 68% interobserver agreement for TD diagnosis (95% Borveet a [3]
Cl 51%-81%), and 88% interobserver agreement for
FTF diagnosis (95% Cl 73%-96%)
Systematic review  n/AC 25 studies 62% to 89% agreement between TD and FTF diagnosis  Rat et &l [4]
Observationa Single-center study in Austria 18 adults 89% exact agreement between TD and FTF diagnosis Massone et a
[12]
Observational Single-center study in the 86 adults 82% agreement between TD and FTF diagnosis (95% Lamel eta [13]
United States (California) Cl 73%-89%)
Observational Single-center study in the 318clinicvisits  \MpYDO®: 509 exact diagnostic agreement between  Pesadyn et a
United States (Ohio) TD and office visit, and 29.8% exact diagnostic (19]

Patient-initiated

Observational Single-center study in Australia 55 adults
Observationa Single-center study in Austria 263 adults
Randomized con-  Single-center study in the 40 children
trolled trial United States (Pennsylvania)

Observationa Single-center study in the 96 adults

Netherlands

agreement between TD and walk-in clinic; NP/PAS:
33.8% exact diagnostic agreement between TD and
office visit, and 34% exact diagnostic agreement be-
tween TD and walk-in clinic; diagnostic agreement
was higher for MD/DO office visits than MD/DO
walk-in clinics (P=.021), NP/PA officevisits (P=.035),
and NP/PA walk-in clinics (P=.022)

69% exact agreement between TD and FTF diagnosis Boyce et a [5]
49% exact agreement between TD and FTF diagnosis™, Weingast et a
significant correlation between correct diagnosis and (8]

image quality (P<.001)

O’ Conner et al
[16]

83% agreement between TD and FTF diagnosis (95%
Cl 71%-94%)

Eminovi¢ et a

(17]

41% exact agreement between TD and FTF diagnosis

8TD: teledermatol ogy.

BETF: face-to-face.

°N/A: not applicable.

dMD: Doctor of Medicine.

€DO: Doctor of Osteopathic Medicine.

'NP: nurse practitioner.

9PA: physician assistant.

PIncludes cases that dermatol ogists indicated as not possible to diagnose.

Compared to clinician-initiated images, patient-initiated images  variable. Severa studies indicate that diagnostic concordance

have diagnostic concordance rates that are lower and more
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images and dermatologists evaluating patients at a FTF visit
range from approximately 40% to 80% [5,8,16,17] (Table 1).
One of these studies used patient-acquired dermoscopic images
to monitor atypical nevi, indicating that patients may be able
to acquire highly useful images when provided adequate
instructions [18]. Importantly, Weingast et al [8] observed that
diagnostic agreement significantly correl ated with image quality.
The current literature on patient-initiated images is limited by
the generalizability of the patient cohorts due to the dearth of
studies. For instance, 2 studies had mean ages of 36 and 39
years, whereas 2 other studies were conducted in the pediatric
setting in which parents took photographs of their children
[6,8,16,17] (Table 1). Such groups may have more technol ogical
proficiency than the average adult dermatology patient, which
could skew these studies toward higher estimates of image
quality than in actual practice.

Diagnoses based on SAF teledermatology images can also be
compared to histopathological reports, referred to here as
diagnostic accuracy. A recent study found that the diagnostic
accuracy of clinician-initiated imageswas higher for malignant
diagnoses such as melanomas and nonmelanoma skin cancers
than benign diagnoses [19]. However, there was higher
interobserver concordance between teledermatologists and
in-person dermatol ogi sts when they examined benign diagnoses
[19]. To date, there are no studies that evaluate the diagnostic
accuracy of patient-initiated images.

In summary, the rates of diagnostic concordance between SAF
teledermatology and FTF clinic visits are higher and less
variable when skin conditions are photographed by clinicians.
Agreement can be impacted by several factors, including the
practice type of the referring clinician, type of lesion being
photographed, and image quality. Studies that evaluate the
diagnostic outcomes of patient-initiated SAF images in a
real-life setting are needed.

Changein Condition, Waiting Interval, and Other
Clinical Outcomes

Aside from diagnostic concordance, other outcomes that are
relevant to SAF teledermatology may include changein askin
condition and waiting interval between consultation and
appointment, among several others. For images taken by
clinicians, outcomes appear to be generally similar between
SAF teledermatology and FTF visits (Table 2). A prospective
study by Pak et a [20] found that the clinical outcomes of
asynchronous consults and conventional in-person visits were
not significantly different based on a 3-point scale rated by a
dermatologist, with 65% and 64% of clinical outcomes being
rated as improved in the usua care group and the
teledermatol ogy group, respectively (Table 2). Whited et al [21]
conducted a randomized controlled trial comparing outcomes

https://derma.,jmir.org/2022/3/e37517

Jang et d

at 3-month and 9-month timepoints after primary care physician
(PCP) referral [21]. They found no significant differencein the
quality-of-life metric Skindex-16 at these timepoints between
patients randomized to SAF or conventional consultations [21]
(Table 2).

Severa studiesinvestigated the waiting interval s between initial
consultation and subsequent clinic visit for clinician-initiated
SAF teledermatology and traditional referral systems. They all
found that SAF teledermatol ogy significantly reduced the time
between referral and clinic visit [22-24]. One study observed
that SAF teledermatology referral not only reduced the time
until consultation completion but also the time to biopsy and
surgery for applicable patients [23]. The benefit of thisreduced
waiting interval may have contributed to the adoption of
electronic dermatology referrals over traditional letter referrals
in many health care systems.

The clinical outcomes of patient-submitted images are mostly
descriptive in nature. Hubiche et al [6] found that SAF images
taken prior to in-person eval uation changed treatment decisions
in 36% of patients (Table 2). Notably, skin lesions had changed
in 87% of patients at in-person evaluation compared to prior
photographs [6]. This may indicate that patient images provide
useful information for tracking the evolution of askin condition.
However, it is possible that the additional information may in
fact obfuscate the correct diagnosis and management, given that
the study did not examine any further outcomes [6] (Table 2).
Regarding waiting interval, one study that implemented a
direct-care teledermatology program reported an average time
of <1 day from patient concern to tel edermatol ogist assessment
[25]. Eminovi¢ et al [17] used SAF teledermatology as atriage
tool based on patient-submitted images collected by their PCPs.
The authorsfound that 23% of patients could have avoided FTF
appointments, as determined by apanel of 3 dermatologists[17]
(Table 2). Notably, there is a lack of data comparing the
outcomes of SAF teledermatology based on patient-submitted
images to other forms of care, such as FTF care and
clinician-initiated teledermatol ogy. As more health care systems
allow patients to directly send photographs to their
dermatol ogists, €l ucidating these outcomes becomesincreasingly
important.

In summary, outcomes such as change in condition and the
quality of life between clinician-initiated SAF teledermatol ogy
and FTF care are not significantly different. However, thereare
a limited number of studies that examine clinically relevant
outcomes, and more research is needed. Waiting intervals
between SAF referral and FTF appointment are significantly
decreased compared to conventional referral systems.
Patient-initiated images could supplement decision-making but
lack comparable outcomesto other forms of dermatologic care.
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Table 2. Clinical outcomes of store-and-forward tel edermatology.
Type Setting Sample Outcome Reference
Clinician-initiated
Observational 2-center study inthe 508 adults No significant difference between TD? (65% Pak et al [20]
United States (Texas) improved, 32% unchanged, and 3% worsened)
and FTF? care (64% improved, 33% unchanged,
and 4% worsened) as rated by a 3-point clinical
course scale (P=.57)
Randomized controlled trial 2-center study in the 326 adults No significant difference between TD and FTF  Whited et a [21]
United States (Missouri care as evaluated by Skindex-16 at 3 (P=.66)
and Minnesota) and 9 (P=.39) months
Observationa Multicenter study in 2009 adults 51.2% of patientswith TD consults not referred  Moreno-Ramirez
Spain to FTF clinic; waiting interval to clinic appoint- et al [22]
ment was 12.31 (95% CI 8.22-16.40) days for
TD referral and 88.62 (95% Cl 38.42-138.82)
daysfor traditiona |etter referral system
Observational Single-center study inthe 149 adults Mean time interval for TD versus conventional Hsiao et al [23]
United States (California) referral was 4 versus 48 days (P<.0001) for ini-
tial consult completion; 38 versus 57 days
(P=.034) for timeto biopsy; and 104 versus 125
days (P=.006) for time to surgery
Randomized controlled trial Single-center study in 103 patients ~ Waiting interval to clinicwas4 daysfor TD re- Piette et a [24]
France ferral and 40 daysfor conventional letter referral
system (P<.01)
Patient-initiated
Observationa Single-center study in 162 adultsand  Photographs of a skin lesion taken before a Hubicheet a [6]
France children clinic visit changed treatment decisionsin 36%
of patients
Observational Single-center study inthe  105adultsand  23% of patients could have avoided FTF care,  Eminovi¢ et d
Netherlands children as determined by 3 dermatologists [17]
Observational Single-center study inthe 38 adults Average time from patient concern to consulta-  Pathipati et al
United States (Cdlifornia) tion was 0.8 (SD 1) days, and 75% of concerns [25]

could be managed remotely

8TD: teledermatol ogy.
BFTF: face-to-face.

Accessto Care

One practical advantage of asynchronous teledermatology is
the potential to expand health care access to underserved
populations (Figure 1). Several urban programs have used
images obtained during PCP visits for SAF teledermatology
consultation in safety-net health care systems [26-29]. All of
the studies found that asynchronous consultation resulted in
substantially reduced waiting periods for dermatologic care
compared to traditional referral systems[26-29]. One study in
particular found that the no-show rate for referral via SAF
consultation was around 60% of the no-show rate through
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traditional referral [29]. SAF teledermatol ogy consultation has
also been studied in rural populations, though outcomes have
largely been limited to clinician questionnaires and economic
analyses [30,31]. As hedlth care systems expand access to
dermatologic care and reduce waiting interval s viaasynchronous
consultation, other clinicaly relevant outcomes such as
improved quality of life and prevention of disease should be
reported in future studies. Excitingly, the American Academy
of Dermatology hasrecently introduced atel emedicine program
that uses SAF media from referring clinicians to provide care
to underserved US populations [32].
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Figure 1. Barriers and advances to the integration of store-and-forward teledermatology into clinical practice.
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Impact of COVID-19

Outpatient Management

The COVID-19 pandemic necessitated many clinics to
temporarily adopt teledermatology for all patient encounters.
Although most teledermatology visits were synchronous,
asynchronous visits drastically increased from prior years
[33-35]. For example, one program reported 3 asynchronous
visitsin April 2019 and 197 asynchronous visitsin April 2020,
increasing from <1% of all patient encountersto approximately
10% [33,34]. Another group reported that the average number
of daily teledermatology consultationsreceived increased from
9.281t0 36.4 following an alert regarding the potential cutaneous
manifestations of COVID-19 [36].

Severa important considerations arose foll owing the widespread
adoption of teledermatology. For patients who communicated
directly with their dermatologists, it was important to explore
whether the circumstances that used their self-acquired SAF
images were appropriate. Das et a [37] used patient-submitted
imagesto adjust isotretinoin dosing in established acne patients
and discovered no significant differencein the dosing regimens
between synchronous and asynchronousvisits. A group in Spain
used a direct-to-patient tel edermatol ogy mobile app to evaluate
new patients who submitted their own photographs[38]. Since
the most common conditionsthey encountered were nevi, acne,
and eczema, they were ableto delay in-person visitsfor at least
3 months in 85% of their cohort, athough the long-term
outcomes of postponing these appointments are unknown [38].
Kazi et a [39] found that immunomodulatory and biologic
therapies were more frequently prescribed with synchronous
encounters, whereas antibiotics and nonretinoid acne
medicationswere more frequently prescribed with asynchronous
encounters using patient-generated photographs. This may
indicate that SAF teledermatology is less appropriate for the
management of complex medical dermatol ogy than synchronous
teledermatology [39]. Current data suggest that patient-submitted
images are useful for managing well-established, straightforward
conditions such as acne. However, more research is needed to
investigate other highly relevant clinical outcomes, such asthe
quality of life and prevention of disease.

For clinicians referring patients to dermatology, additional
considerationsincluded thetriage of patients based on their skin
condition and the outcomes of triage. A group in England
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conducted a pilot study for skin cancer referrals in which
patients weretriaged based on clinician-taken photographs [40].
They found that 43.8% of patients were allocated a clinic
appointment, 20.2% of patients were booked for dermatologic
surgery, and 35.1% of patients avoided a FTF visit [40]. It is
conceivable that an even larger proportion of patients could
avoid FTF appointments for general dermatologic concerns.
For instance, Bergamo et a [41] observed that 84% of
teledermatology consultations from PCPs involved diagnostic
and therapeutic recommendations that avoided FTF visits [41].
Similar to research involving patient-generated images, dataon
the clinical outcomes of postponing or avoiding dermatology
clinic visits are needed.

I npatient Management

Unlike the outpatient setting, research on SAF tel edermatol ogy
in the inpatient setting is limited to clinician-initiated images.
Prior to the COVID-19 pandemic, dataregarding asynchronous
teledermatol ogy for inpatient consultations were scarce. Barbieri
et a [42] found that SAF teledermatol ogy was potentially useful
for triaging inpatient consultation, astel edermatol ogists agreed
with in-person dermatologists on the need for same-day
evaluation and biopsy in >90% of consultations [42].

During the COVID-19 pandemic, the integration of
asynchronous teledermatology into inpatient consultations
substantially increased as dermatology departments sought to
maximize patient safety by minimizing unnecessary clinical
exposures[35]. Consequently, some medical centersdevel oped
triage algorithms using SAF images to minimize physical
contact [ 35,43,44]. Thevaue of asynchronousteledermatol ogy
versus in-person evaluation for inpatient consultation depends
on the medical decision in question. For instance, studies
reported agreement ranging from 66% to 74% in the need to
obtain a biopsy and diagnostic agreement ranging from 56% to
66.7% between tel edermatol ogi sts and in-person dermatol ogists
[42,45,46]. Gabel et al [46] observed near-perfect agreement in
treatment decision but amost no agreement in next-day
planning, which consisted of variations of outpatient follow-up
and signing off versus continued inpatient monitoring. Keller
et a [45] found that web-based and in-person dermatology
consultations resulted in similar rates of change in diagnoses
and treatment compared toinitial decisions made by the primary
team. However, agreement in the diagnosis itself (45.3%),
systemic therapy (52.8%), and need for obtaining abiopsy (66%)
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were somewhat discordant, indicating that these changes in
decision-making may yield different clinical outcomes[45]. In
addition to the dearth of research, a major limitation of the
literature on SAF teledermatology for inpatient consultations
is the heterogenous measures of medical decision-making
reported across different studies. Therefore, meta-analyses that
examineinterobserver agreement for discrete medical decisions,
such as decision to biopsy or theinitiation of systemic therapy,
are needed.

Discussion

Principal Findings

SAF teledermatology uses electronically stored information,
including patient photographs and demographic information,
for clinical decision-making asynchronous to the patient
encounter. Theintegration of SAF teledermatol ogy into clinical
practice has been increasing in recent years, especially during
the COVID-19 pandemic. This narrative literature review
explored 47 articlesby akey element of study design—whether
the images were acquired by atrained clinician or the patient,
asthe quality and utility of the images may vary by theclinical
expertise of the photographer. In general, photographs taken by
trained clinicians rather than patients are higher quality and
have better and more rel evant diagnostic and clinical outcomes.
SAF teledermatology helped clinicians avoid unnecessary
physical contact with patients in the outpatient and inpatient
settings during the COVID-19 pandemic.

Future Directions

Thegrowth and increased use of SAF teledermatol ogy following
the COVID-19 pandemic isevident. However, it remains unclear
how SAF teledermatology will continue to be integrated into
dermatologic practice. A cross-sectional study surveying the
Association of Professors of Dermatology observed that most
respondents (89%, 31/35) found the implementation of SAF
images alongside video or phone calls the most feasible for
teledermatology visits [47]. Of those who were most ready for
teledermatol ogy implementation, al respondentsindicated they
would continueto use teledermatol ogy after the pandemic[47].
Havele et al [48] reviewed 1110 pediatric dermatology video
visits and 89 SAF consultations with surveys embedded into
every web-based encounter. Most respondents (76%) used
parent-submitted photographs to supplement video visits, and
amajority (73.4%) of clinicianswho lacked photographsbelieve
that photographs would have helped with the diagnosis [48].
Therefore, hybrid teledermatol ogy visitsusing both synchronous
and asynchronous communi cation may become more prevalent
in practice [49].

Barriersto Implementation

Substantial  barriers must be overcome before SAF
teledermatol ogy can beimplemented into standard dermatol ogic
care across multiple systems of practice (Figure 1). Adherence
to established privacy and ethics regulations may pose
substantial medicolegal risks to clinicians capturing patient
photographs [50]. For this reason, clinicians should obtain
proper patient consent, explain how images will be used, and
delete the images from their smartphones after being uploaded
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to patient chartswhile ensuring sufficient security in their digital
communications [50]. In general, patients prefer giving verbal
consent and their photographs being taken by clinic- or
hospital-owned cameras [51]. EHR programs such as Epic and
Cerner aswell as new mobile apps allow for the secure upload
of patient images to their medical charts without permanent
storage on the user’s device [52].

Secure apps that combine SAF images with patient
communication could streamline the delivery of teledermatology
care. Such apps currently exist but may be difficult to use, lack
EHR integration, or incur substantial out-of-pocket costs to
patients [53]. Kim et al [26] developed a SAF teledermatol ogy
consultation workflow built within an Epic-based EHR, which
could simplify asynchronous dermatology consultation,
especialy for large health care networks with a unified EHR.

Furthermore, increased clinician workload and the lack of a
definitive reimbursement model cause asynchronous
teledermatol ogy to be a substantial burden or gamble for many
practices [54-56]. Currently, Medicaid reimburses
clinician-initiated SAF teledermatology consultation in fewer
than half of all US states, whereas Medicare only reimburses
as part of telemedicine demonstration programsin Alaska and
Hawaii [57]. Reimbursement for the evaluation of
patient-submitted images has been proposed but not
implemented by the Centersfor Medicare and Medicaid Services
[56]. Given that telephone-based consultation has a definitive
reimbursement model that has become more flexible following
the pandemic, a similar policy should be considered for SAF
teledermatol ogy services, especially those that supplement other
web-based appointments [49]. Patient privacy, complex SAF
teledermatology workflows, and the lack of a definitive
reimbursement model are key challenges that need to be
addressed with more widespread adoption of SAF
teledermatol ogy.

Limitations

Thisnarrative literature review waslimited by the soleinclusion
of studies published in English that were available in PubMed
and Googl e Scholar, which may have excluded other important
studies not available in English or not indexed in these
databases. Our review included both qualitative and quantitative
studies; although both study types are valuable for learning
about SAF teledermatol ogy, quantitative outcomes may be more
relevant and prognostic for health care systems considering the
implementation of new SAF programs. Furthermore, many
prospective studies included in this review involved motivated
patient cohorts or referring clinicians who were equipped with
thorough instructions. These conditions are often not
representative of actual clinical practice and could have limited
applicability to areal-life setting. Finally, many studiesincluded
in this review used patient cohorts with relatively small sample
sizes (<100 subjects) and consequently reported descriptive
outcomes or had wide variability intheir data. More quantitative
studies on the outcomes of SAF teledermatology with larger
cohorts are needed.
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Conclusion use and role of SAF teledermatology rapidly expanded in the
inpatient and outpatient settings. For the outpatient setting,
asynchronous teledermatology helped avoid FTF visits unless
necessary, as many uncomplicated conditions could be managed
remotely via images captured by patients and referring
clinicians. For the inpatient setting, SAF teledermatology
minimized unnecessary contact during dermatology
consultations, although current studies are limited by the
heterogeneity of their outcomes. Asynchronoustel edermatol ogy
will likely play a greater role in the future, becoming

SAF teledermatology has a growing role in dermatology with
increasingly promising diagnostic utility and clinical outcomes
over the past 2 decades. Assessing SAF teledermatology by
whether images are submitted by patients or clinicians can
illuminate key differences in outcomes. For instance, image
quality and diagnostic concordance are generally lower and
more variable with patient-submitted images, which may impact
their decision-making utility. SAF tel edermatol ogy can improve
the efficiency of and accessto care when photographsaretaken ! | _ _
by either clinicians or patients. Only the long-term clinical  Incorporatedinto hybrid SAF and video teledermatol ogy models.

outcomes of clinician-submitted images have been studied, HOwever, the obstacles summarized in this review should be
albeit to a limited extent. Amid the COVID-19 pandemic, the addft@ed before its widespread implementation into clinical
practice.
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Abstract

Background: In emerging market countriesin sub-Saharan Africa, access to specialty services such as dermatology is limited.
Teledermatology is an innovative solution to address this issue; however, many initiatives have been tried without sustained
success. Recently, WhatsApp has been used as a store-and-forward telemedicine communication platform for consultation and
education in Botswana.

Objective: Thisstudy aimsto describethe utilization of WhatsApp for teledermatol ogy and the satisfaction levels of participating
providers.

Methods: A 2-part pilot study was conducted. First, a retrospective review was performed of WhatsApp communications
received by participating dermatol ogists in Gaborone, Botswana, from January 2016 to December 2019. Sender information,
patient demographics and history, response time, diagnoses made, and follow-up recommendations were collected. Second, a
12-question cross-sectional survey was distributed to health care providers who utilized WhatsApp for teledermatology during
this period. Descriptive statistics were then performed.

Results: There were 811 communication threads over the study period. The majority (503/811, 62%) of communications were
consultations from providersinquiring about a specific patient, followed by multidisciplinary care coordination communications
(90/811, 11%). Our in-depth analysis focused on the former. In 323 (64%) provider consultations, dermatologists responded
within 1 hour. A diagnosis was made in 274 (55%) consultations. Dermatol ogists gave trestment recommendations remotely in
281 (56%) consultations and recommended an in-person dermatology visit in 163 (32%). Of the 150 health care providers surveyed,
23 (15%) responded. All respondents (100%) felt that there was a need for teledermatology and improved tel edermatol ogy
education in Botswana. Moreover, 17 (74%) respondents strongly felt that the guidance received via WhatsA pp was high quality,
and 22 (96%) were satisfied with WhatsApp as a platform for teledermatol ogy.

Conclusions:  This retrospective review and survey demonstrated that WhatsApp is a quick, well-received, and sustainable
method of communication between dermatol ogists and providers across Botswana. The app may offer asolution to the challenges
providersfacein accessing specialty referral systems, point-of-care education, and medical decision-making support for complex
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dermatologic cases in Botswana. The information gained from this pilot study can serve as the basis for future telemedicine
studies to improve the implementation of teledermatology in Botswana and other resource-limited countries.

(JMIR Dermatol 2022;5(3):€35254) doi:10.2196/35254

KEYWORDS

dermatology; teledermatology; telehedlth; eHealth; mHealth; WhatsApp; devel oping countries; Botswana; Africa; low income;

retrospective review; instant messaging

Introduction

Despite a high burden of dermatologic diseases, access to
dermatologic specialty care is scarce in sub-Saharan Africa
[1,2]. In Botswana, there are asfew as 10 physicians per 100,000
people and even fewer dermatol ogists, all of whom arein large
urban areas [3,4]. Currently, there are approximately 4
dermatologists practicing in the public health sector in Botswana
to support a population of 2 million people. Primary care
providersin Botswanahave limited training in dermatology and
face challenges in treating complex dermatologic conditions
and successfully referring patients to speciaists [5].
Additionally, coordinating care between specialties can be
difficult in Botswana [6]. Thus, there is a significant need to
improvethedelivery of high-quality dermatologic careto remote
settings by providing local health care workerswith better access
to dermatology expertise and education.

Teledermatology is a potential solution to address these
challenges. Formal telemedicine platforms have been
specifically designed to securely communicate predetermined
sets of information between providers. Several have been
developed and trialed in Botswana. In 2007, the Africa
Teledermatol ogy Project began providing health care providers
in many sub-Saharan African countries, including Botswana,
free access to a web-based platform for consultations, forum
discussions, and educational materias[7]. In 2011, apartnership
between the Ministry of Headth of Botswana, the
Botswana-UPenn Partnership (BUP), and the Orange Foundation
of Botswana resulted in a multispecialty mobile telemedicine
solution, including tel edermatol ogy, called “Kgonafalo” [8]. In
2015, through the Television White Space Project, several local
and international partners collaborated to provide low-cost
wireless broadband internet to improve telemedicine
connectivity for remote clinics in Botswana [9]. However,
sustained success has been difficult with these programs. The
African Teledermatology Project, although still successfully
running, operates primarily on a web-based platform, which
can be difficult to access in remote locations. Technical
challenges, such as limited desktop equipment, slow
connectivity, and device malfunctions, are common. Kgonafalo
utilized a specialy developed mobile app, and the burden of
training a constantly changing population of primary care
providers was high. In addition, Kgonofalo used designated
clinic mobile phones, which needed to be maintained and
charged, and users needed to be comfortable using them. Most
of all, these programs were difficult to implement due to loss
of provider confidence and motivation to use formal
telemedicine platforms in the face of multiple challenges
[5,7,9].

https://derma.jmir.org/2022/3/€35254

Although formal teledermatology platforms can offer security
and standardization, in low resource settings, the associated
logistical and cost burdens frequently render them unfeasible
or unsustainable, as previously seen in Botswana. Informal
platforms are an aternative that allow the transmission of
information via flexible, secure methods that can function on
personal mobile phones and with lower bandwidth.
Teledermatology through mobile health (mHeath) has
demonstrated technical feasibility and reliability in providing
care to underserved and remote populations around the world
where smartphones are common, but the key to utilization is
the ability to send consults within an app that is familiar to the
user on their own mobile device [10-13]. mHealth was first
introduced in 2009 in Botswanaas aclinical education tool that
was found to be effective and satisfactory among resident
physicians [14]. In the past 10 years, studies have shown that
mobile telemedicine systems are deemed acceptable by patients
in Botswana[1] and have the potential to increase accessto care
across multiple specialties [5,8,15-18].

Mobile phone subscriptions have been increasing in
resource-limited countries [19], and WhatsApp, a service with
over 1 hillion users worldwide, is the predominant form of
electronic communication in Botswana [20]. In 2016, one of
the authors (VW), who wasworking as adermatology specialist
in Botswana, noted the critical need for a sustainable method
of teledermatology to connect providers across the country. In
the absence of resources to develop and launch a new formal
teledermatology program, she established a store-and-forward
teledermatology consultation network using WhatsApp.
Implementation was fast and easy because the application did
not require dedicated training, specific equipment, or Wi-Fi
connectivity, and most providerswere already using WhatsApp
for other types of communication [6].

Because WhatsApp is a relatively new platform for
teledermatology, it is important to understand how physicians
in Botswana are currently using it and gain user feedback to
determine its feasibility, effectiveness, and potential to scale
for use in other specialties. This pilot study aims to describe
how the WhatsApp application is being utilized in Botswana
to connect providers to dermatology expertise for patient care
and education, as well as to elucidate current provider
satisfaction with the platform.

Methods

Ethics Approval

This study was approved by the University of Botswana and
the Botswana Health Research and Development Committee
institutional review boards (HPDME 13/18/1) and was granted
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a review exemption by the University of Pennsylvania IRB
(835003).

Retrospective Review of WhatsApp Communications

Study Population, Setting, and Design

Inthefirst part of the study, we conducted aretrospective review
of teledermatol ogy communications sent through WhatsAppin
Botswana from January 2017 to December 2019. Messages
from health care providers and patients seen within the public
health care system of Botswana were sent to 2 dermatology
consult mobile phones. Messages were reviewed by afull-time
local dermatologist and rotating North American dermatology
residents and faculty at Princess Marina Hospital (PMH) in
Gaborone, Botswana. WhatsApp messages were downloaded
from the mobile phones, and conversation threads found on
both were identified as duplicates and removed. There was no
specific record kept of which dermatologist reviewed and
responded to individual messages.

Data Collection

An overview of the data extraction and categorization methods
used to analyze conversation threads is summarized in
Multimedia Appendix 1. Each conversation thread was broadly
categorized by the purpose of the communication: consultation
from a provider (nondermatologist to dermatologist),
consultation from a patient (patient to dermatol ogist), remote
patient management (inquiries regarding long-term management
for known diagnosis), patient follow-up (provider message
regarding patient already known to dermatologist), teletriage
(requiring urgent dermatol ogy appointment), multidisciplinary
care coordination (organizing patient care activities between 2
or more providers), provider question (unrelated to a specific
patient), and incomplete communication (lack of responsefrom
dermatologist, an abrupt stop in the conversation, or
conversation continued outside of WhatsApp). Other purposes
of communication were excluded. Sender information (phone
number, profession, and location) was collected from all
communicationsif available.

Further data collection was only performed on the consultations
received from aprovider. We extracted datainto categories that
were considered to be most important to patient care in
Botswana, including patient demographics, history provided,
photograph parameters, response time, diagnosis, and outcome
of consultation. Patient age, sex, and HIV status were recorded
if provided. The extent of a history of present illness (HPI)
shared by the nondermatologist provider was based on a point
system, with 1 point given for each of the following: description
of the lesion, location on the body, symptoms reported, timing
of onset, change in appearance over time, aggravating or
alleviating factors, prior treatments performed, and pertinent
lab or imaging results.

Photographs received with consultations were also reviewed.
Two authors (TW and AF) with experience reviewing
teledermatology consultation photos in Botswana developed a
subjective grading system that rated photos as low, medium, or
high quality based on criteria of image resolution, lighting, and
content (whether photos captured relevant areas of the body).
To standardize grading, photos were reviewed by 2 authors
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(VW and AF) until a consistent agreement on grading was
achieved. After standardization was achieved, each photo was
graded by 1 author. The file size (kB) of photographs was also
recorded. Multimedia Appendix 1 provides more details of the
process used to grade photographs.

Response times from dermatology consultants was stratified
(0-60 minutes, 1-6 hours, 6-12 hours, 12-24 hours, 24-48 hours,
and >48 hours) based on both thetime from initial message sent
toinitial response and initial message sent to final diagnosis or
recommendation. Dermatol ogists provided no diagnosis, asingle
diagnosis, multiple diagnoses, and/or differential diagnosesin
response to consultations from providers. All diagnoses,
including those that were differentials, were included in the
overal analysis. Diagnoses were classified into the major
categories of inflammatory disorders, infection, neoplasm,
diseases of vasculature, and other diagnoses. Consultation
outcomes were based on the dermatologist’s recommendation
and divided into the following categories: advice for local
management (when treatment recommendationswere provided
remotely), referral to see a dermatologist, referral to see a
different specialist, or other recommendation. We recorded
whether dermatol ogists provided education to providers(clinical
information in addition to a diagnosis and treatment plan).

Statistical Analysis

Descriptive statistics were used to broadly categorize the
conversation threads and demographic and clinical dataprovided
in the consultations.

Satisfaction Survey of Providers Using WhatsApp for
Teleder matology

Study Population, Setting, and Design

In the second part of the study, we conducted a cross-sectional
survey of health care providers in Botswana who used
WhatsApp for teledermatol ogy from January 2016 to December
2019.

Data Collection

A research éectronic data capture (REDCap) survey was
distributed viaWhatsA pp, and responses were kept anonymous.
The target population was a convenience sample of providers
that used the platform for consultations. Informed consent was
obtained from all participants. Thiswasavoluntary, open survey
that consisted of 12 questions aimed at evaluating users
satisfaction and experience with the platform in terms of
technical quality, perceived effectiveness and usefulness, privacy
and security practices, and suggestions for improvements
(Multimedia Appendix 2). We developed a novel survey that
was not based on an existing validated survey instrument to
evaluatefor factors most pertinent within thelocal context. The
first 6 questions used a L ikert scaleto evaluate the overall value
of WhatsApp as a teledermatology tool. The subsequent 6
guestions were multiple-choice questions regarding specific
aspects of the platform as well as user practices. Survey
guestions were developed in REDCap by dermatology and
informatics faculty at the University of Pennsylvania, Ministry
of Health and Wellness of Botswana, and the University of
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Botswana, who had experience with the local health care
system’s needs and limitations.

Statistical Analysis

The frequency of responses to survey questions were recorded
and reported, and common themes in areas for improvement
were identified.

Results

Retrospective Review of WhatsApp Communications

From January 2017 to December 2019, therewere atotal of 811
conversation threads, with 102 threads in 2017, 350 in 2018,
and 324 in 2019. There were 35 threads with a missing date

Koh et al

stamp that were also included in the analysis. Approximately
150 senders were identified based on unique phone numbers
and namesin the phone contact list. An exact number of senders
could not be confirmed dueto inconsistenciesin the way contact
information was saved in each mobile phone.

The most common (503/811, 62%) purpose of communication
was a consultation from a provider, as seen in the conversation
threads, followed by multidisciplinary care coordination (23/811,
11%) (Table 1). The profession of the provider was stated in
449% (355/811) of the conversation threads, and 90% (320/355)
were physicians. The provider's location was stated in 58%
(473/811) of the threads. There was wide variation in locations
across Botswanaaswell as other sub-Saharan African countries
(Figure 1).

Table 1. Categoriesof communication between dermatol ogists and nondermatol ogist providers according to WhatsA pp communication threads (N=811).

Purpose of communication

Communication threads, n (%)

Consult from provider

Consult from patient

Remote patient management
Patient follow-up

Teletriage

Multidisciplinary care coordination
Provider question

Incomplete consult

503 (62)
23(3)
7(1)

55 (7)
44.(5)
90 (12)
23(3)
66 (8)

Figure 1. Locations of providers that utilized WhatsApp for teledermatology in Botswana, with number of providersin each location.

Botswan

Our in-depth analysis focused on the 503 WhatsApp
consultations from nondermatologist providers (Table 2). An
example of a consultation is provided in Figure 2. Providers
gave an average of 3.1 out of 8 possible points of HPI based on
our point system. Patient age was provided in 76% (380/503)
of the consults, sex in 76% (383/503), and HIV statusin 47%

https://derma.jmir.org/2022/3/€35254

Zimbabwe

Number of Providers

1
50
100
150
200
250

(234/503). The majority (477/503, 95%) provided a photo.
Responding dermatol ogists asked clarifying questions in 40%
(200/503) of consults. The average patient consulted on was
30.5 years old (ranging 8 days to 84 years), in which 59%
(226/503) were female, 41% (157/503) were male, and 38%
(89/503) were HIV positive.
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Table 2. Format of consultations sent by nondermatologist providers (N=503).

Measures Consultations
Age provided, n (%) 380 (76)
Sex provided, n (%) 383 (76)
HPI? provided, mean (SD)P 31(18)
HIV status provided, n (%) 234 (47)
Photo provided, n (%) 477 (95)
Photo subjective grade®, n (%)
Low 101 (20)
Medium 198 (39)
High 178 (35)
Photo file size, n (%)
<50 Kb 173 (34)
50-100 kB 214 (42)
100-150 kB 52 (10)
>150 kB 37(7)

3HPI: History of present illness.

PP provided in the consultation was graded on a point system, with 1 point given for each of the following: description of the lesion, location on the
body, timing of onset, changein appearance over time, aggravating and alleviating factors, prior treatments performed, symptoms reported, and pertinent

lab or imaging resullts.

CSubjective photograph quality was determined based on a grading system in which the criteria were image resolution, lighting, and whether relevant
areas of the body were captured. Photos were graded on a scale of low, medium, or high quality based on the number of quality criteriamet (Multimedia

Appendix 1).

Figure 2. Example of a consultation sent from a nondermatol ogist provider to a dermatol ogist.

11/2119

I8 39.73 KB

Good morning

3:50 AM

21/F HIV negative (not documented) treated for fungal infection last year
December with clofrimazole and griseofulvin and healed in march.

Skin lesions reappeared again three months back and given same
treatment( griseofulvin and clotrimazole cream ) but no improvement.

3:54 AM

This looks like tinea versicolor. | recommend selenium sulfide shampoo
use as body wash once a day- let sit on skin 5 minutes then rinse. Can
also try topical clotrimazole. If not improving,,can schedule into

Dermatology.

Thank you
3:59 AM

3:50 AM W

| should prescribe both or one of them and for how long

Dermatol ogists responded to the provider within 1 hour in 64%
(323/503) of consultations and provided the final diagnosis or
recommendation in 54% (272/503) (Table 3). In over half
(274/503, 54%) of consultations, asingle diagnosis or multiple

https://derma.jmir.org/2022/3/€35254
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diagnoses were made. A differential diagnosiswas providedin
32% (159/503) of consultations. Dermatol ogists recommended
management to be given by thelocal provider in 56% (281/503)
of consultations, and in 32% (163/503), patients were
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recommended to schedule an in-person dermatology visit.
Additional education was provided by dermatologists in 28%
(140/503) of consultations.

Dermatol ogists provided 224 unique diagnoses out of atotal of
704 diagnoses made. The most common were eczema, contact

Koh et al

dermatitis, and warts (Multimedia Appendix 3). In broad
categories, 48% (333/704) were categorized as inflammatory
diagnoses, 29% (203/704) infectious, 10% (69/704) neoplastic,
3% (21/704) diseases of vasculature, and 19% (73/704) other.

Table 3. Outcomes of consultations sent by nondermatol ogist providers (N=503).

Measures

Consultations, n (%)

Timetoinitial response
0-59 minutes
1-6 hours
6-12 hours
12-24 hours
24-48 hours
>48 hours
Timeto final diagnosisor recommendation
0-59 minutes
1-6 hours
6-12 hours
12-24 hours
24-48 hours
>48 hours
No final diagnosis or recommendation
Diagnosis provided?
Single diagnosis
Multiple diagnoses
No diagnosis made

Differential diagnosis provided®

Dermatologist recommendations
L ocal management
Dermatology referral
Referral to other specialist
Other

Education provided

323 (64)
120 (24)
35(7)
8(2
6(1)
11(2)

272 (54)
144 (29)
35(7)
13(3)
10(2)
14(3)
15(3)

259 (52)
15(3)

229 (46)
159 (32)

281 (56)
163 (32)
15(3)
44.(9)
140 (28)

8Each patient could have single or multiple conditions presented by the consulting provider. Each of these conditions was considered separately by the
eval uating dermatologist. The evaluating dermatol ogist could provide asingle diagnosis, multiple diagnoses (at least 2), no diagnosis, and/or adifferentia

diagnosis for any condition they determined was present.

Satisfaction Survey of ProvidersUsing WhatsApp for
Teleder matology

A survey was sent out to approximately 150 health care
providers, of which 15% (23/150) completed the survey
(Multimedia Appendix 2). Demographics of survey respondents
are shown in Multimedia Appendix 4. All respondents felt that
therewas aneed for tel edermatol ogy, improved tel edermatol ogy
education, and improved communi cation between dermatol ogists
and other health care providers in Botswana (Figure 3). Most
respondents (20/23, 87%) strongly agreed that they needed help

https://derma.jmir.org/2022/3/€35254

RenderX

with diagnosing and managing skin conditions, 83% (19/23)
agreed that using WhatsA pp for teledermatol ogy enhanced their
dermatology skills, and 87% (20/23) felt it improved their ability
to manage patients in their own clinic to avoid referral. Most
respondents (17/23, 74%) strongly felt that guidance received
via WhatsApp was of high quality, and 96% (22/23) were
satisfied with WhatsApp as a platform for teledermatology
(Figure 3). The highest-rated features of using WhatsApp as a
teledermatol ogy platform included the ease of sending consults
(21/23, 91%), having previous knowledge on how to use the
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application (20/23, 87%), and ease of asking follow-up questions
(19/23, 83%) (Table 4).

In terms of privacy and security, only two-thirds (15/23, 65%)
of respondentsreported always obtaining consent from patients
for photosto be sent viateledermatol ogy. Of those who obtained
consent, all obtained verbal instead of written consent. Nearly
all respondents used a personal phone (21/23, 91%) or camera
(1/23, 4%). A majority (14/23, 61%) kept these photos on a
password protected device, but nearly one-third (9/23, 39%)
did not or only occasionally did. Most respondents (19/23, 83%)
were not concerned about privacy or security issueswhileusing

Koh et al

WhatsA pp for teledermatol ogy. Concernsreported included the
possibility of hacking, forwarding photos, and inappropriate
access by third parties (Table 4).

When asked about areas of improvement, respondents shared
issues regarding the timing of responses, availability of
consultants, and difficulty keeping case discussions organized
when multiple separate patient consults were sent within 1 text
thread. Another provider expressed concern about patients being
able to obtain an in-person follow-up by a dermatol ogist when
needed.

Figure 3. Responsesto the Provider Satisfaction Survey questions assessing the overall utility of WhatsApp as a teledermatology platform.

| think there is a need to improve communication between
dermatologists and other healthcare providers in Botswana.

| need help with diagnosis and management of my patients with
skin conditions.

Using WhatsApp for teledermatology has enhanced my
dermatology skills.

The guidance from dermatologists that | receive via WhatsApp is
high quality.

Using teledermatology via WhatsApp has improved my ability to
manage patients in my clinic rather than refer them to be seen in
dermatology clinic.

Overall, | am satisfied with WhatsApp as a platform for
teledermatology.

0%

m Strongly Agree Agree
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10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Disagree  mStrongly Disagree

JMIR Dermatol 2022 | vol. 5 | iss. 3 |€35254 | p.45
(page number not for citation purposes)


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

JMIR DERMATOLOGY

Koh et al

Table 4. Responses to the Provider Satisfaction Survey questions assessing specific features of WhatsApp as a teledermatology platform and patient

data safety practices (N=23).

Questions

Responses, n (%)

Which of the following features do you like about using WhatsApp for teleder matology? (Select all that apply)

Easy to send consults 21 (91)
| already have and know how to use the application 20(87)
Easy to ask follow-up questions 19 (83)
Fast response times 14 (61)
Doesn’t require a computer with Internet 10 (44)
Easy to get patients urgently scheduled with dermatology clinic 11 (48)
Do you obtain consent from patientsfor photosto be transmitted by teleder matology?
Always 15 (65)
Almost always 6 (26)
Often 1(4)
Never 1(4)
How do you obtain consent from patients?
Verbal 23 (100)
Written 0(0)
What device do you use to send consults?
Personal phone 21(91)
Work phone 3(13)
Persona camera 1(4)
Work camera 0(0)
Other 0(0)
Do you keep patient photos on a passwor d-protected device?
Yes 14 (61)
No 7(30)
Sometimes 2(9
Do you have concerns about the privacy and/or security of using WhatsApp for teleder matology?
No 19(83)
Yes 4(17)
Discussion multidisciplinary care coordination, which has been aparticular

Principal Findings

This pilot study describes the use of WhatsApp, a popular text
messaging app, as an informal teledermatology platform for
consultation and education in Botswana and demonstrates that
WhatsApp provides a rapid and well-received method of
communication between dermatologists and other health care
providers.

I'n our study, the most common use of WhatsA pp by health care
providerswasto consult adermatol ogist about a specific patient.
Our resultsindicate that WhatsApp facilitates rapid discussion
of dermatology cases, as dermatologists responded within 1
hour for the majority of consults. In addition, group messaging
was utilized to provide a platform for simultaneous
communication among a team of care providers to facilitate

https://derma.jmir.org/2022/3/€35254

challengein Botswana[6]. Overall, our study demonstrated that
WhatsApp is being used as a direct line of communication
between providersto promote care coordination, provide triage
advicefor life-threatening conditions, disseminate dermatol ogy
education, and alow for direct patient care when appropriate.
This reinforces the previous conclusions of Littman-Quinn et
al [5] that mHealth tools may offer a solution for improving
accessto speciaty carein resource-limited settings by increasing
access to specialty referrals, point-of-care information, and
medical decision-making support for complex dermatologic
Cases.

The sustainability of teledermatology platforms has been a
historical challengein resource-limited countries[21]. Compared
to previous formal telemedicine platforms that have not been
successful in thelong term in Botswana, WhatsA pp has severa
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attributes that increase its potential for sustainability: ease of
use, free access on personal mobile devices, and no dedicated
funding required to maintain it asatelemedicine platform [5,22].
To date, WhatsApp has been used for over 4 years as a
teledermatology tool at Princess Marina Hospital in Botswana
and has been increasing in popul arity sinceitsinception [5,22].
Around 90% of survey respondents indicated they valued the
simplicity and familiarity of the application. In another
low-resource areas in the Middle East, a survey illustrated a
similarly high satisfaction rate with mHealth—-based
teledermatol ogy, which was al so attributed in part to feasibility
[23].

One potential drawback of informal platforms such asWhatsApp
is the lack of standardized consultation format, which allows
for free-text submission of consults that may be incomplete or
contain an inadequate amount of information. The ability to
have real -time conversational exchanges can help overcomethe
lack of structured consults, though this can cause inefficiency.
In thisstudy, dermatol ogists asked clarifying questionsin nearly
40% of the consultations. Regarding photo quality, only 20%
of consults included photos that were considered low quality
in our subjective assessment, primarily due to user errors such
aspoor lighting or blurrinessrather than low resolution. Notably,
the subjective rating of photographs did not always correlate
with file size, suggesting that high quality photos could be
obtained with low-tech mobile cameras. Future studies using
validated methods to assess photo quality are needed to further
explorethisissue.

In this study, dermatol ogists were able to make a wide variety
of skin diagnoses in over half of the consultations, indicating
that the history and quality of photosin WhatsApp consultations
could adequately support remote evaluation and diagnosis.
Knowing whether telemedicine diagnoses are accurate is
essential when considering the utility of providing or upscaling
such services, however, we were unable to assess diagnostic
accuracy in this small pilot study. Some studies have indicated
that diagnoses made by teledermatology can be reliable and
accurate [24], but data are lacking for teledermatol ogy on mobile
devices and in settings like Botswana [18]. In our opinion,
common conditionslike eczema, acne, and herpes simplex virus
are often simple to diagnose via teledermatology and can be
managed remotely by local providers. This can save time and
costs for patients, providers, and the health care system.
Moreover, using teledermatol ogy for seriousand life-threatening
conditions, such as the 14 cases of Stevens Johnson Syndrome
identified in this study, allows for same-day triaging to
appropriate care that could save lives.

WhatsApp facilitated remote management in over half of the
consultations in our study, reducing the need for an in-person
consultation and potentially reducing thetravel and cost burdens
to patients and the health care system. Patients and providers
were distributed widely across Botswana, and WhatsApp was
ableto successfully connect patients and providers acrosslarge
distances, reaching urban and rural areas. Prior research has
also shown that teledermatol ogy can hel p decrease unnecessary
health care spending and improve allocation of resources by
reducing unnecessary referrals and outpatient visits [25].
Additionally, by reducing the number of patients that need to
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be seen in person, WhatsApp teledermatology consults have
the potential to increase access to care for other patients with
more severe skin conditions to be seen in dermatology clinics
[26].

WhatsApp aso has the potential to be used for provider
education. In about one-third of consultations, the dermatol ogi st
provided education to complement management
recommendations. Education is particularly valuable in
resource-limited settings, where providers often lack accessto
clinical educational resourcesto assist in point-of-care decisions
[27]. One-on-one, case-based education may help to empower
providers to manage dermatologic conditions independently;
however, WhatsApp has limitations when it comes to
disseminating information broadly, which is important for
education on a health systems level.

Our survey results showed that WhatsApp is a well-received
and valuable resource for nondermatology providers. All but 1
respondent were satisfied with WhatsA pp as atel edermatol ogy
platform, and many reported that it improved the quality of care
they delivered. Respondentsliked the familiarity of WhatsApp,
whichisconsistent with WhatsApp being the predominant form
of mobile communication in Botswana [20]. Other studies
examining teledermatology and the use of mobile-health
platforms in low-resource settings have shown similarly high
levels of provider satisfaction [5,23,28,29].

When considering telemedicine, the privacy and security of
shared patient information is extremely important. In
teledermatology, many consultations include protected health
information and photos of patients’ faces or sensitive body areas
[5,6]. Most respondentsin this study reported little to no concern
about the security of images obtained and sent, and WhatsApp
has multiple features to increase security to message
transmission such as end-to-end encryption [30]. However, most
providerstook images on their persona phones. Nearly one-third
stored images on devicesthat were not password protected, and
almost one-third occasionally or rarely obtained patient consent
to take photos to send to other providers. It has been reported
that the sharing of medical photography between physicianson
personal smartphones is generally accepted by patients, who
may feel that the benefit of receiving timely, quality medical
care outweighstherisks of data security from texting or emailing
between physicians [31]. However, patient expectations may
vary, and physicians should follow local laws and regulations
regarding patient privacy. All telemedicine systems, and indeed
all medical systems, carry somerisk for patient privacy breaches,
and some countries have additional guidelines to prevent
accidental exposure of confidential information [22].

Limitations

Our study has several limitations. Data collection was amanual
process with only 1 author reading each conversation thread,
increasing the risk for errors and subjectivity, particularly in
terms of grading photos. Due to the retrospective nature of the
study, the heterogeneity of information provided, and the nature
of downloading WhatsApp messages, we were unable to
accurately calculate the number of users and all patient
demographics. In addition, the number of patientselectronically
visited was not able to be assessed given the lack of amedical

JMIR Dermatol 2022 | vol. 5 | iss. 3 |€35254 | p.47
(page number not for citation purposes)


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

JMIR DERMATOLOGY

record number or chart linked to each informal teledermatology
consult. As previously discussed, this study did not measure
accuracy of diagnoses made via WhatsApp, which would be
required to measure the overall effectiveness of the platform
for teledermatol ogy. The survey was a subjective measurement
of the perceived value of teledermatology, not based on a
previously validated or reliable survey instrument. A limited
number of questions were used to avoid participant burden and
survey fatigue. Due to low response rate, survey results may
not represent the opinions of all providers using WhatsApp for
teledermatology. Reasons for the low response rate are
unknown, but they may include the distribution of surveys by
cellular messaging, the lack of incentive for participating, and
that some providers messaged were no longer participating in
WhatsApp teledermatology. Additionally, study findings may
not be generalizable to other resource-limited settings due to
variousregional differences. Despite these limitations, this pilot
study serves as an important baseline to inform future
investigations of WhatsApp to include diagnostic accuracy,
patient acceptability, health outcomes, and the devel opment of
standardized guidelines for provider exchange.
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Abstract

Background: Challenges remain for general practitioners (GPs) in diagnosing (pre)malignant and benign skin lesions.
Teledermoscopy (TDsc) supports GPs in diagnosing these skin lesions guided by teledermatologists (TDs) diagnosis and advice
and prevents unnecessary referrals to dermatology care. However, the impact of the availability of TDsc on GPs' self-reported
referral decisions to dermatology care before and after the TDsc consultation is unknown.

Objective: The objective of this study is to assess and compare the initial self-reported referral decisions of GPs before TDsc
versus their final self-reported referral decisions after TDsc for skin lesions diagnosed by the TD as (pre)malignant or benign.

Methods: TDsc consultations requested by GPsin daily practice between July 2015 and June 2020 with a TD assessment and
diagnosis were extracted from a nationwide Dutch telemedicine database. Based on GP self-administered questions, the GPs
referral decisions before and their final referral decision after TDsc consultation were assessed for (pre)malignant and benign TD
diagnoses.

Results: GP self-administered questions and TD diagnoses were evaluated for 6364 TDsc consultations (9.3% malignant, 8.8%
premalignant, and 81.9% benign skin lesions). In half of the TDsc consultations, GPs adjusted their initial referral decision after
TD advice and TD diagnosis. Initially, GPs did not have the intention to refer 67 (56.8%) of 118 patients with a malignant TD
diagnosisand 26 (16.0%) of 162 patientswith apremalignant TD diagnosis but then decided to refer these patients after the TDsc
consultation. Furthermore, GPs adjusted their decision from referral to nonreferral for 2534 (74.9%) benign skin lesions (including
676 seborrheic keratosis and 131 vascular lesions).

Conclusions: GPs adjusted their referral decision in 52% (n=3306) of the TDsc consultations after the TD assessment. The
availability of TDsc is thus of added value and assists GPs in their (non)referral for patients with skin lesions to dermatology
care. TDsc resulted in referrals of patients with (pre)malignant skin lesions that GPs would not have referred directly to the
dermatologist. TDsc aso led to areduction of unnecessary referrals of patientswith low complex benign skin lesions (eg, seborrheic
keratosis and vascular lesions).

(JMIR Dermatol 2022;5(3):e40888) doi:10.2196/40888

KEYWORDS

teledermoscopy; dermoscopy; telemedicine; telehealth; triage; general practitioner; GP; general practice; family doctor; family
physician; unnecessary referrals; refer; referral; skin; lesion; specialist; physician communication; diagnostic; interprofessional;
diagnose; diagnosis, dermatology; dermatologist
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Introduction

In the Netherlands, patients that are concerned about their skin
lesionvisit their general practitioner (GP) for advice. GPs assess
the skin lesions and decide if await-and-see policy isjustified,
if they can manage the skin condition themselves in their
practice, or if the patient should be referred to a dermatol ogist.
In this way, GPs serve as gatekeepers and play a key role in
deciding whether a patient is referred to Dutch dermatology
care. However, GPs seem to find distinguishing between benign
and malignant skin lesions a difficult task [1,2]. As a result,
GPs frequently refer patients with suspicious skin lesions to a
dermatologist that turn out to be benign (eg, seborrheic keratosis,
vascular lesions, and benign nevus) [1-4]. These mild benign
skin conditions can be managed by the GP in the primary care
setting, and no clinical or surgical dermatological intervention
isrequired[1,2]. Teledermoscopy (TDsc) can providediagnostic
support to GPs to accurately triage people with suspicious skin
lesions [5-8]. With TDsc, more urgent cases can be correctly
referred to adermatol ogist, while unnecessary referrals of people
with nonsuspicious skin lesionswho can be managed in primary
care are avoided [5-11].

In general, previous TDsc evaluation studies in primary care
settings included all eligible patients with suspicious
(pigmented) skin lesions, patients who GPs regularly intend to
refer, or patients who were aready referred to a hospital or
lesion clinic[5-7,9-11]. In addition, these previous TDsc studies
were often carried out in a study setting where the feasibility
of TDsc was examined with asimulated TDsc service that was
not yet integrated into GP daily practice. Furthermore, in some
of these TDsc studies, the GP did not act as a gatekeeper, the
referral decision was made by a (tele)dermatol ogist and not by
a GP, or the photos of the skin lesions were not acquired by the
GP themself but, for example, by atrained nurse (also called a
melanographer) [6-11].

In the Netherlands, TDsc has been integrated into GP practices
nationwide since 2009 by a Dutch telemedicine provider (Ksyos)
and is fully reimbursed by Dutch health insurance companies
[12]. The Ksyos TDsc service is unique compared to other
worldwide TDsc services in primary care because this service
(1) isimplemented in GP general practice, (2) asks GPsto enter
their initial referral decision in the Ksyos system at the start of
a TDsc consultation request, and (3) asks GPs to enter their
final referral decision in the system after receiving the digital
assessment of theteledermatol ogist (TD) based on the overview,
detailed, and dermoscopic images. Our previously performed
TDsc evaluation in Dutch GP practicesin the same context and
the same Dutch TDsc system showed that the GPs adjusted their
referral decision after the TD assessment in 3722 (53.3%) of
the 6977 TDsc consultations [13].

Previous TDsc studies in other settings investigated common
TD-provided telediagnoses and the percentage of patients for
whom, dueto TDsc, aphysical referral to adermatol ogist could
be avoided [5-11]. However, these studies did not focus on
patients who would initially not have been referred by the GP
without the availability of TDsc. Nor did they aim to assess
whether the GP s initial decision to refer or not refer a patient
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before the TDsc consultation changed after the TD assessment
for skinlesions diagnosed by the TD as malignant, premalignant,
or benign.

Therefore, for these diagnosis groups, the impact of the
avalability of TDsc on the GPs referral decisions to
dermatology careisstill unknown. Therefore, this study assessed
and compared GPs' self-reported initial referral decisionsbefore
TDsc with their final referral decisions after TDsc for
(preymalignant and benign TD-diagnosed skin lesions.

Methods

Setting and TDsc Process Description

In the Ksyos-secured TDsc digital health record system, a GP
startsthe TDsc process with a standardized consultation request
and uploads the obtained (detailed, overview, dermoscopic)
images of apatient’sskin lesion. After aGP hasfilled in patient
information, such asyear of birth, sex, prehistory of skin cancer,
structured anamnesis, optional provisional diagnosis, and
additional notes, the GP sends the TDsc request to a TD for
review. The TD then provides aprimary diagnosis (amandatory
and an optional differential diagnosis) in atext entry field and
referral recommendations, which may include advice for the
GP on the patient management plan.

Further, a GP is asked to answer 2 similar nonmandatory
self-administered questions: (1) “Would you have referred this
patient if TDsc was not available?” and (2) “Are you still
referring this patient to the dermatologist?’. These questions,
which are embedded in the Ksyos system by default, retrieve
information about (1) the GP'sinitial decision to refer apatient
to a dermatologist (Yes, No) when sending the TDsc
consultation request to a TD and (2) the GP's final referral
decision (Yes, No) at thetime of closing the TDsc consultation
after the TD assessment.

As of July 2015, the Ksyos system generates an 1CD-10
(International Classification of Diseases, 10th revision) [14]
code by which diagnoses provided by TDsin TDsc consultations
are automatically classified. Instead of describing the primary
diagnosisin afree text entry field, TDs can also choose 1 of 3
icon buttons; no diagnosis (ICD-10 code: R69), no abnormalities
(ICD-10 code: R68.8), or nonassessable (-).

Ethical Considerations

No ethical approval was required to evaluate the number of
TDsc consultations, since all GPs gave permission through a
contract with Ksyos to monitor TDsc quality with these
self-administered questions.

Study Design

For this retrospective database study, TDsc consultations
requested by GPs between July 2015 and June 2020 were
included in the data analysis. Next, consultations with missing
values were excluded. Missing values in the database were
defined as a TD report of “no diagnosis’ (R69), “no
abnormalities” (R68.8), or “nonassessable” (-), or if a GP had
not answered both self-administered questions. Data acquired
included (1) answers to the GP self-administered questions on
referral of apatient to adermatologist and (2) diagnosis provided
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by TD during the TDsc consultation. Optional differential
diagnoses provided by the TD were omitted from this study.
Types of cameras or digital dermoscope used to obtain the
images were unknown.

The GP sdlf-administered questions were used to define whether
the GPs had or had not adjusted their initial decision to refer a
patient to a dermatologist after reviewing the advice and
diagnosis of the TD.

In this study, 3 diagnosis groups were defined based on the TD
diagnoses and the corresponding ICD-10 codes: malignant,
premalignant, and benign. The histopathol ogy and face-to-face
diagnoseswere not availablein our study. Malignant skin lesions
included all malignant neoplasms (ICD-10 codes C00-C97)
such as melanoma, basal cell carcinoma, and squamous cell
carcinoma. Premalignant skin lesionswere defined as a separate
group and included in situ neoplasms (ICD-10 codes DO0-D09),
other specified epidermal thickening (ICD-10 code L85.8; eg,
keratoacanthomas), and actinic keratosis (ICD-10 code L57.0).
Benign skin lesions included the remaining |CD-10 diagnoses.
In this group, we specifically focused on seborrheic keratosis
(ICD-10 code L82) and vascular lesions (ICD-10 codes D18,
178.1). For each diagnosis group, the GP self-reported initial
and final referral decisions were analyzed.

Tensen et d

Results

Overall Cohort

In total, 13,509 TDsc consultations requested by 1185 GPs
between July 2015 and June 2020 were provided with a
diagnosis by 140 TDs. Of these, 1770 (13.1%) were assessed
by the TD as “no diagnosis,” 14 (0.1%) as “no abnormalities,”
and 350 (2.6%) as “nonassessable” Moreover, 5011 (44.1%)
TDsc consultations had an absent response on the GP
self-administered question(s) and were therefore excluded as a
missing value from the data set (Figure 1). For 6364 (55.9%)
of the 11,375 TDsc consultationswith an ICD-10 TD diagnosis
code, both nonmandatory self-administered questions were
answered by the GP. According to the TD diagnosis, this
consisted of 592 (9.3%) skin lesionsin the malignant diagnosis
group, 561 (8.8%) in the premalignant diagnosis group, and
5211 (81.9%) in the benign diagnosis group. Overall, benign
skin lesions were the most frequently reported diagnosis by the
TDs.

Among the group of malignant diagnoses, the most common
were basal and sguamous cell carcinoma (n=415, 70.1%)
followed by malignant melanoma (n=172, 29.1%). The most
commonly provided diagnosis in the premalignant diagnosis
group wasactinic keratosis (ICD-10 code L57.0; n=434, 77.4%).
Among the group of benign diagnoses, the most common was
melanocytic nevus (ICD-10 code D22; n=2571, 49.3%),
followed by seborrheic keratosis (n=1221, 23.4%).

Figure 1. Flowchart of teledermoscopy (TDsc) consultations requested by genera practitioners (GPs) between July 2015 and June 2020 as included
in our study. ICD-10: International Classification of Diseases, 10th revision; TD: teledermatologist.
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GPs' Referral Decision Based on Self-Administered
Questions

In 3306 (51.9%) TDsc consultations, the GPs adjusted their
referral decision (Yes-No, No-Yes) after the TD assessment
(Table 1). For the malignant diagnosis group, GPs indicated
that they would initially not have referred 118 (19.9%) patients
without TDsc. For 67 (56.8%) of these 118 patients with a
malignant TD diagnosis, the GPs adjusted their initial referral
decision and referred the patient after TDsc consultation.

In the premalignant diagnosis group, the GPsindicated that they
would not havereferred for 162 (28.9%) patientswithout TDsc.
For 26 (16.0%) of these 162 patients with a premalignant TD

Tensen et d

diagnosis, the GPs changed their decision from nonreferral to
referral.

In the benign diagnosis group, 3384 (64.9%) patients with
benign skin lesions, of which 784 (64.2%) had seborrheic
keratosis and 163 (70.6%) had vascular lesions, would have
been referred by the GP without the availability of TDsc. The
TD-provided benign diagnoses resulted in achange of the GPS
decision from referral to nonreferral for 2534 (74.9%) patients.
More specificaly, GPs adjusted their referral decision to
nonreferral after the TD assessment for 676 (86.2%) patients
with a seborrheic keratosis TD diagnosis and 131 (80.4%)
patients with a vascular lesion TD diagnosis. In addition, the
group of “other benign skin lesions’ included benign nevi as
well as ICD-10 codes for eczema and insect bites.

Table 1. Number of teledermatologists (TD) diagnoses for the general practitioner (GP) self-administered questions.

Sdlf-administered Malignant skin  Premalignant skin

Benign skin lesions, n (%)

Total TDsc? consulta-

questions lesions lesions (N=561), tions (N=6364), n (%)
(N=592), n (%)
n (%)
Seborrheic ~ Vascular Other benignskin  Total benign skin
keratosis lesions lesions(N=3759) lesions(N=5211)
(N=1221) (N=231)

Q 1P=vyes 474 (80.1) 399 (71.1) 784 (64.2) 163 (70.6) 2437 (64.8) 3384 (64.9) 4257 (66.9)
Q2°=Yes 353 (74.5) 122 (30.6) 108 (13.8)  32(19.6)  710(29.1) 850 (25.1) 1325 (31.1)
Q2=No 121 (25.5) 277 (69.4) 676 (86.2) 131(80.4) 1727 (70.9) 2534 (74.9) 2932 (68.9)

Q1=No 118 (19.9) 162 (28.9) 437 (35.8) 68(29.4) 1322(35.2) 1827 (35.1) 2107 (33.1)
Q2=Yes 67 (56.8) 26 (16.0) 36 (8.2 9(13.2) 236 (17.9) 281 (15.4) 374 (17.8)
Q2=No 51 (43.2) 136 (84.0) 401 (91.8) 59(86.8) 1086 (82.1) 1546 (84.6) 1733 (82.2)

8TDsc: teledermoscopy.

BFirst GP self-administered guestion: Would you have referred this patient if TDsc was not available?
Second GP self-administered question: Are you still referring this patient to the dermatol ogist?

Discussion

Principal Results

This retrospective study assessed the impact of the availability
of TDsc on GPs' self-reported decisions to refer patientsto the
dermatologist. GPs' self-reported initia referral decisionsbefore
the TDsc consultation were compared with their referral
decisions after the TDsc consultation for skin lesions diagnosed
by the TD as (pre)malignant or benign. This study showed that
for theselesions, GPs adjusted their initial referral decision after
the TD assessment in half of the TDsc consultations.

For 26 (16%) of 162 patientswith apremalignant TD diagnosis
and for 67 (56.8%) of 118 patients with a malignant TD
diagnosis, GPs adjusted their referral decision after the TDsc
consultation from nonreferral to referral. Therefore, without the
availability of TDsc, GPswould not have referred these patients
with (pre)malignant TD diagnoses directly to the dermatol ogist.

Furthermore, if the TD provided the diagnosis seborrheic
keratosis, GPs adjusted their referral decision in 676 (86.2%)
of the 784 TDsc consultations from referral to nonreferral. For
the TD diagnosis of vascular skin lesions, GPs adjusted their

https://derma.jmir.org/2022/3/e40888

referral decisionin 131 (80.4%) of the 163 TDsc consultations
from referral to nonreferral. Therefore, without the availability
of TDsc, GPs would have referred these patients with benign
skin lesions to a dermatologist.

Comparison With Prior Work

In a Belgian TDsc study, which included all patients with
suspicious skin lesionsfor TDsc, regardless of whether the GPs
intended to refer the patients, GPs photographed all skinlesions
aspart of the TDsc consultation [10]. The vast majority of these
skin lesions were assessed by the TD as benign (n=91, 86.7%),
malignant (n=8, 7.6%), and uncertain classified diagnoses (n=6,
5.7%). These percentages are comparabl e with the TD-assessed
skin lesionsin our TDsc study, in which 81.9% (n=5211) were
benign, 8.8% (n=561) were premalignant, and 9.3% (n=592)
were malignant.

In contrast to our study, a Danish and a Swedish TDsc study
included only patientswith suspicious skin lesionsthat the GPs,
without the availability of TDsc, would have referred to the
dermatologist [5,6]. All these patients were seen in-person by
a dermatologist after the TDsc consultation. These studies
reported that 27.7% (n=166) and 28.1% (n=229) of the skin
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lesionswere diagnosed by the TD as (pre)malignant and 72.3%
(n=434) and 71.9% (n=587) were diagnosed as benign,
respectively. For the same group of patientsin our study, where
the GPs indicated that they initially would have referred the
patient to the dermatologist, we found a dlightly lower
percentage of patients with (pre)malignant diagnosed skin
lesions (n=873, 20.5%) and a dlightly higher percentage of
patients with benign diagnosed skin lesions (n=3384, 79.5%).

Inthese 3 TDsc studies, all patients with suspicious skinlesions,
along with patients that the GPs initially would have referred
for a physical dermatological consultation, were included. By
contrast, in our study, which was performed in daily general
practice, GPs acted as gatekeepers to dermatology care. GPs
decided themselves whether to apply TDsc, justify a
wait-and-see policy, manage the skin condition themselves, or
refer the patient to a dermatologist.

Previous findings show that TDsc is especially valuablefor the
triage of patients with benign skin lesions. The relatively fast
TD assessment of skin lesions diagnosed as evidently benign
reassures and avoids nervous waiting for both patients and
practitioners [15,16]. TDsc aso releases the burden on
dermatology care since most patients with benign skin lesions
can be managed appropriately in GP practice without the need
for aphysical referral to adermatologist [5-11]. Moreover, this
means that dermatologists can allocate more time to the
treatment of patients with complex skin lesions. In addition,
patients with severe (pre)malignant skin lesions who need an
urgent in-person dermatol ogical evaluation will haveimproved
access to the dermatologist due to the availability of TDsc
[5,10,11].

Remarkably, the GPsin our study also applied TDsc to request
TD advice concerning nonpigmented benign diagnoses, such
as eczema, psoriasis, and insect bites, which is in accordance
with 2 other TDsc studiesin avirtual lesion clinic and primary
health care center setting [9,10]. Thisimpliesthat GPs also use
TDsc as a diagnostic tool to request advice from the TD
regarding the management of nonpigmented skin lesions.
Dermatol ogists do not need adermoscopic photo to assessthese
types of skin lesions. However, we could not check whether the
GPs uploaded a dermoscopic photo for these nonpigmented
skin lesionsin the TDsc consultation.

The TDsc service evaluated in our study is unique compared to
other systems because it asks GPs to enter their initial referral
decision at the start of the TDsc consultation reguest and their
final referral decision after the TDsc consultation. In a
retrospective TDsc study by our research group 5 yearsago in
the same nationwide context and with the same Dutch TDsc
system, we found that the GPs adjusted their initial referral
decision after TDsc in half of the consultations [13]. GPs thus
still frequently change their referral decision after a TDsc
consultation, which could be because they face difficultieswhen
diagnosing skin lesions or discriminating between benign and
malignant skinlesions[1,2,6,17]. GPsmight lack thisknowledge
because dermatology education and skills such as biopsies are
underrepresented in the Dutch medical and GP training
curriculum [18]. GP residents must obtain this dermatol ogical
knowledge from their GP educators during the medicine
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internships, and this knowledge transfer might be limited.
Furthermore, in the Netherlands, most patientsfrom GP primary
care arereferred to dermatol ogy secondary care[19]. Thisagain
addresses the importance of TDsc as atool to support GPs in
primary practicein recognizing and gaining knowledge on skin
lesions and by receiving instructions on patient management.
Due to data migration and limitations in the Ksyos database,
we could not check if both of our TDsc studies concerned the
same GP population. Over the years, some GPs might have
learned from the TD advice and applied TDsc less often. It is
also possible that GPs who recently started applying the TDsc
service frequently change their referral decisions. In any case,
the frequently changing referral decisions of GPs emphasize
the surplus value and need of TDsc to support GPs in their
referral decisions of patients with skin lesions.

Inan Italian study, GPswere also asked to assess photographed
skin lesions and decide whether they would refer the patient to
a dermatologist [3]. The authors of that study did not specify
who took the photographs. After a 4-hour training on the
classification and management of skin lesions, GPswere again
asked about their referral decision for the same set of clinical
images of skin lesions. GPs had to base their referral decision
solely on the set of submitted clinical imageswithout physically
seeing the patients and skin lesions in their GP practice.
Furthermore, the GPs did not receive adiagnosis or advice from
the TD on which they could base their referral decision. In this
Italian study, the number of honmelanocytic benign skinlesions
of patients whom GPs intended to refer to a dermatologist
decreased significantly after training on the classification and
management of skin lesions. Thistype of training could consist
of elearning, refreshers, and courses in the GP education
programs regarding both taking dermoscopic images and
recognizing pigmented skin lesions. Therefore, continuous
training of GPsin the Dutch TDsc setting could potentially help
reduce the number of referrals of patients with benign skin
lesions[1].

Strengthsand Limitations

The strengths of thislarge retrospective study include that TDsc
consultationswere conducted in daily GP practice and were not
simulated in a study setting. The GP referral decisions were
noted both before and after the TDsc consultation, which
allowed us to verify whether GPs adjusted their initial referral
decisions after the TDsc consultation. In doing so, we gained
insight into GP referral decisionsfor different diagnosis groups
after the TD assessment in daily GP practice.

On the other hand, the first limitation of our study is that the
TDs did not always report their diagnosis in the TDsc system
and that we omitted data on the differential diagnosis. This
might have resulted in an underestimation of the absolute
number of (pre)malignant and benign diagnosesfor which TDsc
was applied by the GPs. It is possible that TDs were unable to
provide a diagnosis because the GPs provided insufficient
patient information in the TDsc consultation [20]. Furthermore,
overview or dermoscopic photos taken by the GP may have
been lacking in the TDsc consultation or may have been of
insufficient quality [6,10]. The Ksyos TDsc system does not
validate whether a dermoscopic photo of the skin lesion is
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availableat all and if it is, whether the photo quality is sufficient.
GPs can only retake the photos if they receive direct feedback
from the TD and if the patient is present at the GP practice. In
the future, an agorithm could be created into the TDsc system
that assesses the photo quality and provides real-time, direct
feedback to the GP if improvements are necessary. Showing
instructions in the Ksyos TDsc system (eg, image quality
checklist, guidelines on taking dermoscopic photos) could
support GPs infilling in the TDsc consultation completely and
ensure photos of sufficient quality and correct type (overview,
detailed, dermoscopic) [21,22].

The second limitation of our study is that the GPs were not
obliged tofill in the self-administered questions regarding their
referral decisions; thus, these self-administered questions were
not alwaysfilled in. For these TDsc consultations, we could not
compare the GP referral decision before and after the TDsc
consultation. In addition, we do not know if the GP interpreted
these questions regarding their referral decision as originally
intended in the TDsc system. The reasonswhy GPs decided not
to physically refer patientswith a TD-diagnosed (pre)malignant
skin lesion are still unknown. Additionally, clinical follow-up
data on these patients are lacking. The Dutch guideline for
suspicious skin abnormalities recommends that GPs refer
malignant skin lesionsto the dermatol ogist [23]. We know from
dermatology experience that it is possible for GPs to deviate
from this guideline after contact with a dermatologist; for
example, for elderly patients, if the GP is experienced in
excision of lesions, if the excision has already been performed,
or for superficia lesionsthat do not require invasive treatment.
For premalignant diagnoses, TDs also have an important
advisory role for GPs on how to treat patients. Referral of
premalignant lesions is dependent on the condition (location,
evolvement, etc). Consultations in which GPs initially did not
plan to refer a benign lesion (after confirmation by TDsc) but
then changed their decision could be dueto an insistent patient.
However, we know from dermatology experience that
dermatol ogists have specialized treatment equipment available,
such aslaser and light therapy. It is also likely that GPs are not
aware of these (aesthetic) treatment options before sending the
TDsc consultation. The advantage of TDsc is that GPs are
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informed about these treatment options due to the TD response
and that patients can receive this treatment.

The third limitation is that only the TDsc consultation data
extracted from the K syos system were accessible for our study.
Although Ksyos is the largest store-and-forward telemedicine
provider in the Netherlands, the overall number of TDsc
consultations in the Netherlands might be higher.

The fourth limitation is that no data concerning the
histopathological diagnoses were available for our study. In
practice, it is considered unethical to acquire, purely for research
purposes, the histopathology of patientswith benign skinlesions
who not have been referred by the GP to the dermatologist
(Q1=No and Q2=No; Q1=Yes and Q2=No). Vestergaard et al
[6] showed in a pilot study that patients are reluctant to travel
to the dermatol ogist for assessment of a supposedly benign skin
lesion, and GPs are not willing to refer these patients to a
dermatologist. Due to the retrospective nature of our study, it
was not possible to abtain histopathological data of patients
with skin lesions that were referred to dermatology care after
the TDsc consultation (Q1=Yes and Q2=Yes, Q1=No and
Q2=Yes). We can only presume that GPs would have
immediately referred patients to the dermatologist if patients
had skin lesions that were highly suspect of melanoma or
dubious.

Conclusions

This study showed that GPs adjusted their initial referral
decision of patientswith skin lesionsin half of the studied TDsc
consultations after the TD assessment. The availability of TDsc
remainsthus of added valueto support GPsin gatekeeper health
caresystemsin their decision to refer patientsto adermatol ogist
for an in-person consultation. This study has shown that GPs
initially did not intend to refer patientswith (pre)malignant skin
lesions for an in-person dermatological consultation and that
the availability of TDsc aidsin thereferra of these patients. In
addition, TDsc supports GPs in the prevention of unnecessary
physical referrals to the dermatologist for patients with low
complex benign skin lesions (eg, seborrheic keratosis and
vascular skin lesions), easing the burden on dermatology care.
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Introduction

We developed the iOS smartphone app Sun Safe to support
healthy sun practicesin young teenagers (aged 12-13 years) [1].
The production involved co-design with young co-researchers
(ie, aged 12-13 years) with a health message of using sun
protection when the UV index is =3 [1]. Important features
include real-time and location-specific weather data on the UV
index and gamified educational content [1,2].

Wewere concerned that indifferent attitudes expressed by male
co-researchers during the development of Sun Safe [3] would
translate into gendered differences in user quality ratings.
Furthermore, we wondered whether involvement in the
co-design process could bias quality assessments. The results
presented in thisletter compare the responses of co-researchers
[1] with those of participants of the pilot intervention studies

[4].
Methods

All methods underpinning the devel opment of the app and pilot
intervention studies are described elsewhere [1,4]. Data were
collected from co-researchers (n=15, 9 female and 6 mae
co-researchers) involved in the co-design of Sun Safe across a
10-month period (2018-2019) viatelephoneinterviewsor 2-hour
in-person workshops (3 wererun) [1]. Datawere collected from
participants (n=24, 17 female and 7 male participants) of

https://derma.jmir.org/2022/3/€35203

placebo-controlled pilot intervention studies, which tested Sun
Safe for 6 weeks (2020) [4]. Co-researchers downloaded and
used the beta version of Sun Safe (via TestFlight) for 20 minutes
during the final workshop (June 18, 2019) [1]. Pilot study
participants accessed the fully developed app (v1.0.1, 2020) for
6 weeks in 2020 [4]; they aso identified their gender (male,
female, other, prefer not to say), age, and postcode of residence
during recruitment. User quality ratings data were collected
using the User Version of the Mobile Application Rating Scale
(UMARS) [4].

Results

There were twice as many recruited femal e participants (n=26)
as mal e participants (n=13). Co-researchers were older (mean
13.8, SD 0.4 years) than pilot study participants (mean 12.7,
SD 0.4 years). Most co-researchers used the app for 5-10
minutes (8/15, 53%); most pilot study participants used it every
day or on most days (13/24, 55%).

Female co-researchers responded to more questions than male
co-researchers (Table 1). Within subjective quality and perceived
impact, male pilot study participants rated the Sun Safe app
higher for overall star rating and hel p-seeking behaviors (Table
1).

Female pilot participants scored Sun Safe lower for engagement
than female co-researchers (Figure 1).
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Table 1. User quality ratings (User Version of the Mobile Application Rating Scale survey results) of the Sun Safe app for the subjective quality and
perceived impact areas of assessment.

Co-researchers Pilot study participants
Male? Female P value Mae Female P value
Participants, n 6 9 N/AP 7 17 N/A
Questions completed®?, N (%) 89/156 (57.1)  226/234(96.6)  N/A 181/182(99.5)  442/442 (100.0) NI/A
Subjective quality®'
Recommended, mean (SD) 33(21) 36(05) 63 37(1Y) 31(11) 26
App use, mean (SD) 30(L7) 4.1(0.8) 24 39(0.7) 33(L2) 37
Pay for app?i, n
Yes 0 3 N/A 0 3 N/A
No 3 6 N/A 7 14 N/A
Overall star rating, mean (SD) 4.2(05) 36(0.8) 15 47(0.7) 32(09) <.001
Per ceived impact®*, mean (SD)
Awareness 3.7 (0.6) 3.7 (0.8) >.99 4.0 (0.5) 3.4(L1) 17
Knowledge™ 4.0 (0.0) 4.0(0.7) >.99 3.9(0.7) 34(1.2) 54
Attitudes” 3.0(0.0) 34 (L) 75 3.6 (0.8) 34(0.9) .79
Intention to change® 3.3(0.6) 39(0.8) 41 4.1(09) 34(11) 17
Help-seeking? 37(1.2) 3.7(0.7) >.99 3.9(L1) 2.7(1.0) 04
Behavior change 40(1.0) 3.7 (1.0) 75 4.0(0.8) 3.1(L1) .09

#Two male participants did not complete any questions.
BN/A: not applicable.

“Total number of questions completed; 26 questions could be completed within the User Version of the Mobile Application Rating Scale (UMARS)
survey by each participant.

dPercentage of questions completed of total possible (= total number completed by all participants/ (n x 26) x 100), with statistical comparisons of the
total number of UMARS survey questions completed (of 26), using Fisher Exact test, between male and femal e co-researchers (relative risk [RR] 0.60,
95% Cl 0.50-0.70; P<.001) and pilot study participants (RR 0.99, 95% CI 0.97-1.00; P=.29).

®The P values are the resuilts of Mann-Whitney tests comparing data by gender (except for Pay for app?).

fAcross 4 questions, participants rated the subjective quality of the app, using 5-point scales (see below) or yes/no for Pay for app?
9Would you recommend this app to people who might benefit from it? (from 1, not at all, to 5, definitely).

PHow many times do you think you would use this app in the next 12 months? (from 1, none, to 5, >50 times).

"Would you pay for this app? Yesisthe number of participants answering yes; no is the number of participants answering no.
Iwhat is your overall star rating of the app? (from * to *****; One of the worst apps I’ ve used to One of the best apps I’ ve used).

Kacross6 questions, participants rated the app based upon perceived capacity to modify awareness, knowledge, attitudes, intention to change, likelihood
to seek help, and behaviors related to their sun health, using a 5-point scale of strongly disagree (1) to strongly agree (5).

This app has increased my awareness of the importance of addressing sun health behaviors.
"This app has increased/changed my knowledge of sun health behaviors.

"This app has changed my attitudes toward improving my sun health behaviors.

®This app has increased my intentions/motivation to address my sun health behaviors.

PThis app would encourage me to seek further help to address my sun health behaviors (if needed).
9Use of this app will change my sun health behaviors.
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Figure 1. Female pilot study participants rated Sun Safe lower in the engagement area of assessment. Mean scores for questions asked across the
engagement area of assessment are shown individually for each co-researcher (3 male and 8 female) and pilot study (7 male and 17 female) participant.
Data are shown as mean (SD). Two-way ANOVA was used to compare differences (participant type x gender), with Tukey post hoc tests identifying
a statistically significant difference in predicted means of 0.92 (95% CI 0.24-1.60; P=.004) between female co-researchers and female pilot study
participants. The five questions were posed, and 5-point Likert scales within this area of assessment were as previously published.
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Pilot study participants rated Sun Safe lower for engagement,
highlighting the importance of an independent review.
Limitationsincluded therelatively small sample size, differences
in review time, and ongoing chalenges in defining the
influences of biological sex and gender on health outcomes[5].
Additional consumer engagement will help determine how
games and gamification could be further built into Sun Safe.

Discussion

Overdll, few differences in app quality ratings were observed
by gender, suggesting that Sun Safe was equally acceptable for
use by young men and women even though fewer male
participants were recruited to develop and test Sun Safe [1].
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Abstract

Certain protein kinase inhibitors have been reported to cause photosensitivity. Avapritinib is atyrosine kinase inhibitor that was
approved in January 2020. The aim of thisanalysiswasto determineif a statistically significant signal exists between Avapritinib
and photosensitivity in the real-world population. A disproportionality analysis was conducted using the Food and Drug
Administration Adverse Event Reporting System (FAERS) from January 1, 2020, to December 31, 2021. A literature review was
also performed to identify case reports of Avapritinib-induced photosensitivity. A total of 13 adverse event reportswith Avapritinib
asthe drug and photosensitivity as the reaction were identified in FAERS. Avapritinib was the suspect drug in al 13 reports, and
in 12 of the 13 reports, Avapritinib was the only drug listed. Disproportionality analysis found a proportional reporting ratio of
11.0, x21=107, reporting odds ratio of 11.0, and a lower limit of the 95% CI of the information component of 2.1. The literature
review found 1 case report of Avapritinib-induced photosensitivity in a patient who had been taking Avapritinib 300 mg daily
for 5months. A statistically significant signal wasfound between Avapritinib use and photosensitivity. Clinicians should continue
to balance the benefits and risks when prescribing Avapritinib to patients.

(IMIR Dermatol 2022;5(3):€39229) doi:10.2196/39229

KEYWORDS
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Certain protein kinase inhibitors such as Vemurafenib,
Vandetanib, and Imatinib have been reported to cause
photosensitivity [2,3]. Avapritinib is atyrosine kinase inhibitor
that was approved in January 2020 and is used for the treatment
of systemic mastocytosis and unresectable or metastatic
gastrointestinal stromal tumor. Because Avapritinib has been
in the market for such a short period of time, adverse reactions
attributed to the drug are till being discovered. In 2021, the
Food and Drug Administration (FDA) issued an adert that they
are evaluating the need for regulatory action on the potential
signa of photosensitivity from Avapritinib [4]. The objective
of this analysis was to determine if a statistically significant
signal exists between Avapritinib and photosensitivity in the
real-world population.

Introduction

Humans have been exposed to UV light for millions of years.
This exposure has beneficia effects in increasing vitamin D
levels and in treating psoriasis, vitiligo, atopic dermatitis, and
scleroderma among others [1]. However, this same UV light
can increase the risk of skin carcinoma, cataracts, and
age-related macular degeneration. Certain drugs have been
found to increase the sensitivity of the skin to sunlight. These
drugs are categorized as sun-sensitizing drugs and can lead to
drug-induced photosensitivity. Drug-induced photosensitivity
can present as erythemaand can progressto blisters, bullae, and
severe pain. Knowing which drugs can lead to drug-induced
photosensitivity is paramount so that clinicians can adequately
advise patients on sun protection and reduce the risk of skin
cancer.
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Methods

Adverse event reports from the FDA Adverse Event Reporting
System (FAERS) [5] from January 1, 2020, to December 31,
2021, were downloaded. Reportswerefiltered to those with the
drug Avapritinib and the MedDRA [6] term photosensitivity
reaction. Reportswere further filtered to those with Avapritinib
as the suspect drug, and duplicate cases were removed.
Disproportionality analysis was performed to identify if a
significant signal exists between the drug and adverse event of
interest. Statistical analysis was carried out in SAS[7] version
9 (SAS Ingtitute). A literature review using PubMed [8] was
performed to identify case reports of Avapritinib-induced
photosensitivity.

Results

A total of 13 adverse event reports with Avapritinib asthe drug
and photosensitivity as the reaction were identified in FAERS
with the earliest report in May 2020 and the latest in November
2021. The most common coreported events were edema,
increased lacrimation, fatigue, rash, abdominal discomfort, and
diarrhea. Avapritinib wasthe suspect drug in all 13 reports, and
in 12 of the 13 patients, Avapritinib was the only drug listed.
In the other case report, the patient was taking insulin glargine,

Venkatakrishnan et al

insulin aspart, ondansetron, diphenhydramine, loratadine,
loperamide, bisacodyl, and tramadol in addition to Avapritinib.
All 13 reports originated from the United States. In addition, in
5 cases, the adverse event resulted in death, a life-threatening
condition, hospitalization, disability, congenital anomaly, or
other serious condition. However, the case reports do not specify
the cause of the above serious conditions. It may be related to
photosensitivity, the underlying condition for which the patient
was being treated, or another unknown cause. The average age
of the patients was 60 years with a range of 31 to 80 years. A
total of 11 patientswere men, and the remaining 2 were women.
The indication for the use of Avapritinib was gastrointestinal
stromal tumor in 9 of the patients and systemic mastocytosisin
the remaining 5 (Table 1). Disproportionality analysis found a
proportional reporting ratio (PRR) of 11.0, x>=107, reporting
odds ratio (ROR) of 11.0, and the lower limit of a 95% CI of
the information component (1Cqy5) of 2.1.

The signal between Avapritinib and photosensitivity was
statistically significant based on each of the following three
criteria:

1. PRR=2, chi-sguare >4, and number of events =3 [9]

2. ROR>1[10Q]

3. 1Cps>0[11]

Table 1. Demographic data of patients with Avapritinib use and photosensitivity reaction.

Cases of Avapritinib and photosensitivity reaction (N=13), n (%)

Gender
Mae
Female
Age (years)
31-50
51-60
61-70
71-80
Unknown
Indication for use of Avapritinib
Gastrointestinal stromal tumor
Systemic mastocytosis

Seriousness

Resulted in death, alife-threatening condition, hospitalization, disability,

congenital anomaly, or other serious condition

Did not result in above

11 (85)
2(15)

3(23)
2(15)
5(38)
2(15)
1(8)

9(69)
4(31)

5(38)

8(62)

Discussion

Theliterature review found 1 case report of Avapritinib-induced
photosensitivity [12]. This patient was a 56-year-old female
who was being treated for a stage |V gastrointestinal stromal
tumor with Avapritinib. She presented with arash that initially
appeared as a sunburn and progressed to the development of
bullae and pain. Histopathol ogy identified dermal edema, mixed

https://derma.,jmir.org/2022/3/€39229

inflammatory infiltrates, rare dyskeratotic keratinocytes, and
follicular interface. The patient had been on Avapritinib 300
mg daily for 5 months when the rash first occurred. The patient
was diagnosed with Avapritinib-induced photosensitivity.
Avapritinib was permanently discontinued, and 0.1%
triamcinolone cream wasinitiated with improvement in therash.
Further, nonclinical findings of phototoxicity with Avapritinib
usewerefound in vitro mousefibroblastsandin vivo rat studies
[13]. The European Medicines Agency lists a warning of
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photosensitivity with Avapritinib and a 1.1% incidence of
photosensitivity during clinical trials[14].

The pathophysiology behind the photosensitivity from
Avapritinib has not been fully elucidated but may shareasimilar
mechanism to the cutaneous toxicities of other tyrosine kinase
inhibitors such as imatinib. For example, Imatinib inhibits
activity of the c-KIT gene leading to hypopigmentation and
reduced protection against UV exposure [2]. Similarly,
Avapritinib is aso a potent inhibitor of the KIT gene [15].
Further studies are needed to identify the pathophysiology
underlying this possible reaction.

FAERS provides a passive pharmacovigilance risk signal and
does not by itself demonstrate causal associations. The adverse
event may be aresult of the drug, the underlying disease, or a
combination of the two. Individual case causality assessments,
periodic aggregate assessment of available clinical safety data,
and well-designed randomized controlled clinical trials are
needed to validate the safety signal and to assess for an

Venkatakrishnan et al

association between an adverse event and a drug [16]. In
addition, not every adverse event is reported to the FDA and
thusincidence of the adverse event cannot be calculated. Further,
thetimeto onset of the adverse event from initiation of the drug
is not provided in FAERS. If there is along latency period to
the development of the adverse event, the benefit of the drug
may be morelikely to supersede therisk. However, FAERS has
advantages in identifying signalsin alarge and diverse patient
group inthereal world that are not alwaysidentified in the early
clinical trials[17,18].

A dtatistically significant signal wasfound between Avapritinib
use and photosensitivity. Of these adverse event reports of
Avapritinib and photosensitivity, 85% (n=11) of the reports
werein male patientsand 15% (n=2) in female patients. Further
studies are needed to evaluate whether the disproportionality
signal between Avapritinib and photosensitivity represents a
causal association. Clinicians should continue to balance the
benefits and risks when prescribing Avapritinib to patients.
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Abstract

Background: Predatory publishing is a deceptive form of publishing that uses unethical business practices, minimal to no peer
review processes, or limited editorial oversight to publish articles. It may be problematic to our highest standard of scientific
evidence—systematic reviews—through the inclusion of poor-quality and unusable data, which could mislead results, challenge
outcomes, and undermine confidence. Thus, there is a growing concern surrounding the effects predatory publishing may have
on scientific research and clinical decision-making.

Objective: The objective of this study wasto evaluate whether systematic reviews published in top dermatology journals contain
primary studies published in suspected predatory journals (SPJs).

Methods: We searched PubMed for systematic reviews published in the top five dermatology journals (determined by 5-year
h-indices) between January 1, 2019, and May 24, 2021. Primary studies were extracted from each systematic review, and the
publishing journal of these primary studies was cross-referenced using Beall’s List and the Directory of Open Access Journals.
Screening and data extraction were performed in amasked, duplicate fashion. We performed chi-square teststo determine possible
associations between a systematic review’sinclusion of a primary study published in a SPJ and particular study characteristics.

Results: Our randomized sample included 100 systematic reviews, of which 31 (31%) were found to contain a primary study
published in a SPJ. Of the top five dermatology journals, the Journal of the American Academy of Dermatology had the most
systematic reviews containing a primary study published in an SPJ. Systematic reviews containing a meta-analysis or registered
protocol were significantly lesslikely to contain aprimary study published in a SPJ. No statistically significant associations were
found between other study characteristics.

Conclusions: Studies published in SPJsare commonly included as primary studiesin systematic reviews published in high-impact
dermatology journals. Future research isneeded to investigate the effects of including suspected predatory publicationsin scientific
research.

(JMIR Dermatol 2022;5(3):639365) doi:10.2196/39365
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predatory journals, systematic review; genera dermatology; dermatology; publishing; publications; journas; scientific
communication; data; quality; meta-analysis, peer review; primary studies; research; evidence synthesis; articles
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Introduction

Predatory publishing is described as a “nebulous concept of
research journa publisherswho use unethical business practices,
minimal or no peer review, or limited editorial oversight to
publish articles that are below a minimally accepted standard
of quality” [1]. Increasing rates of predatory publishing are
accompanied by an equally growing concern surrounding their
threat to evidence synthesis and decision-making [1,2].
Predatory publishing can be problematic to our highest standard
of scientific evidence—systematic reviews (SRs)—through the
inclusion of poor-quality and unusable data, which could mislead
results, challenge outcomes, and undermine confidence due to
suspected predatory journals (SPJs) having aless rigorous peer
review process.[3] Evidence is lacking as to whether studies
published in SPJs are frequently included as primary studiesin
SRs; therefore, we aimed to evaluate whether SRs publishedin
top dermatology journals contain primary studies published in
SPJ.

Methods

We searched PubMed (using the Advanced Search filters) for
SRs published inthetop five dermatol ogy journals (determined
by 5-year h-indices) between January 01, 2019, and May 24,
2021. The returned SRs (N=339) were downloaded as a
comma-separated values file. We randomized the returns and
selected the first 100 articlesto examine. Primary studies were
extracted from each systematic review, and the publishing
journa of these primary studies was cross-referenced using
Bedl's List (archived and updated versions [4]) and the
Directory of Open Access Journals (DOAJ) [5], both widely
used and publicly available databases of suspected predatory
or questionable journals. To determine if certain study
characteristics were associated with the inclusion of SPJs, the

https://derma.jmir.org/2022/3/€39365
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following characteristics were extracted: (1) whether the SR
received funding; (2) whether the SR had aregistered protocol;
(3) whether the SR included randomized controlled trials,
nonrandomized studies of interventions, or both as primary
studies; (4) the year the SR was published; and (5) the databases
the SR searched for primary studies, to determine if certain
study characteristics were associated with theinclusion of SPJs.
Screening and data extraction were performed in a masked,
duplicate fashion by authors BH and KS, in accordance with
best practices [6]. We performed chi-square tests to determine
possible associations between an SR’s inclusion of a primary
study published in an SPJ and particular study characteristics.

This study did not use human subjects and thus did not require
institutional review board oversight.

Results

Our randomized sample included 100 SRs, of which 31 (31%)
SRswerefound to contain aprimary study published in an SPJ.
A total of 53 primary studies were published across 22 unique
SPJs. Of the top five dermatology journals, the Journal of the
American Academy of Dermatol ogy had the most SRs containing
aprimary study published in an SPJ (Table 1). The majority of
suspected predatory publications (28/55, 51%) were published
in the Indian Journal of Dermatology, Venereology, and
Leprology. SRsthat contained ameta-analysiswere significantly
less likely to contain a primary study published in an SPJ
(P=.002; Table 1). Additionally, SRs that had a registered
protocol were less likely to contain a primary study published
inan SPJ(P=.02). No statistically significant associationswere
found between journals, year of publication, included primary
study types (eg, randomized controlled trials, nonrandomized
studies of interventions, or both), funding, or databasesincluded
in the SR search.
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Table 1. Characteristics of systematic reviews with and without primary studies published in predatory journals (N=100).

Study characteristics Contains a primary study published in a suspected Chi-square (df) P value
predatory journal, n (%)
No Yes Total

Journal 3.69 (4,1) 45
Journal of the American Academy of Dermatology 26 (26) 17 (17) 43 (43)
British Journal of Dermatology 12 (12) 4(4) 16 (16)
Journal of Investigative Dermatology 1(2) 0(0) 1(1)
Journal of the European Academy of Dermatology and 19 (19) 8(8) 27 (27)
\enereology
Jama Dermatol ogy 11 (12) 2(2) 13 (13)

Year of publication 0.64(2,1) .07
2019 24 (24) 13 (13) 37(37)
2020 30 (30) 11(11) 41 (41)
2021 15 (15) 7(7) 22(22)

Systematic review contained a meta-analysis 9.38(1,1) .002
No 20 (20) 19 (19) 39(39)
Yes 49 (49) 12 (12) 61 (61)

Study received funding 2.69(1,1) 10
No 47 (47) 26 (26) 73(73)
Yes 22(22) 5(5) 27 (27)

Includes search from PubMed 0.06 (1,2) .81
No 36 (36) 17 (17) 53 (53)
Yes 33(33) 14 (14) 47 (47)

Includes search from Web of Science 0.39(1,2) .53
No 53 (53) 22(22) 75 (75)
Yes 16 (16) 9(9) 25 (25)

Includes search from Cochrane 0.15(1,1) .70
No 35(35) 17 (17) 52 (52)
Yes 34 (34) 14 (14) 48 (48)

Includes search from Trial Registries 0.90 (1,2) .34
No 47 (47) 24 (24) 71(72)
Yes 22(22) 7(7) 29 (29)

Includes search from Embase 3.77(1,1 .05
No 14 (14) 12 (12) 26 (26)
Yes 55 (55) 19 (19) 74 (74)

Systematic reviews of RCTs, NRSI, or both 166(21) 44
RCTsonly 12 (12) 4(4) 16 (16)
NRSIs only 37(37) 14 (14) 51 (51)
Both RCTsand NRSIs 20 (20) 13 (13) 33(33)

Systematic review had a protocol 5.78 (1,1) .02
No 41 (41) 26 (26) 67 (67)
Yes 28(28) 5(5) 33(33)

8RCT: randomized controlled trial.
https.//derma.jmir.org/2022/3/e39365 JMIR Dermatol 2022 | vol. 5 | iss. 3 [e39365 | p.69
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PNRSI: nonrandomized studies of interventions.

Discussion

Wefound that studies published in SPJs are commonly included
asprimary studiesin SRs published in high-impact dermatol ogy
journals. SRsthat contained ameta-analysis were lesslikely to
have a primary study published in an SPJ, whichisapromising
finding, as research has shown that studies published in
predatory journalsare of lower quality [1,3]. Interestingly, SRs
that registered a protocol were significantly lesslikely toinclude
a primary study published in an SPJ. We suspect this finding
may be because authors of SRs with registered protocols may
have more diligence and time to confirm that sources of
publications were not published in an SJP. In our sample, the
majority of primary studies from SPJs were published in the
Indian Journal of Dermatology, Wenereology, and
Leprology—which was removed from the DOAJ directory
secondary to the journal failing to adhere to best practice [5].
Although considered to be an SPJ, this journal’s articles are
included in Embase and PubMed searches. Interestingly, 83%
(44/53) of the studies published in SPJswere PubMed indexed.
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One way through which studies published in SPJs can obtain
PubMed indexing is* backdoor publishing” viaPubMed Central
or theNational Center for Biotechnology Information Bookshelf
[7]. Currently, there is little direction on how to best manage
SPJs; however, the consensus is that studies published in SPJs
should be omitted because of their potential impact on data
synthesis. Due to their potential threat to SRs and scientific
evidence, we recommend that authors of SRs verify their
primary studiesby using Beall’sList and the DOAJdirectory—a
recommendation proposed by other studies exploring ways to
minimizetheinclusion of studies publishedin SPJsin SRs[8,9].

Our study’s limitations include only searching SRs using
PubMed and only using Bedll’'s List and DOAJ lists of
guestionable journals. Additionally, authors of SRsincludedin
this study may have unknowingly included an SPJ, as some
SPJs were added to Bedl’'s List and the DOAJ lists of
questionablejournal s after the SR was already published, which
is another limitation of our study. Lastly, future research is
needed to investigate the effects of including SPJ publications
in scientific research.
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Abstract

Background: A rapid expansion of systemic immunological treatment options for atopic dermatitis (AD) has created a need
for clinically relevant and understandable comparative efficacy and safety information for patients and clinicians. Given the
scarcity of head-to-head trials, network meta-analysis (NMA) isan aternative way to enable robust compari sons among treatment
options; however, NMA results are often complex and difficult to directly implement in shared decision-making.

Objective: The aim of this study is to develop awebsite that effectively presents the results of aliving systematic review and
NMA on AD treatments to patient and clinician users.

Methods: We conducted a multimethod study using iterative feedback from adults with AD, adult caregivers of children with
AD, dermatologists, and allergists within a user-centered design framework. We used questionnaires followed by workshops
among patients and clinicians to develop and improve the website interface. Usability testing was done with a caregiver of a
patient with eczema.

Results: Questionnaires were completed by 31 adults with AD or caregivers and 94 clinicians. Patients and caregivers felt it
was very important to know about new treatments (20/31, 65%). Clinicians felt the lack of evidence-based comparisons between
treatments was a barrier to care (55/93, 59%). “Avoiding dangerous side effects’ was ranked as the most important priority for
patients (weighted ranking 5.2/7, with higher ranking being more important), and “improving patients' overall symptoms” was
the most important priority for clinicians (weighted ranking 5.0/6). A total of 4 patientsand 7 clinicians participated in workshops;
they appreciated visualizations of the NMA results and found the website valuable for comparing different treatments. The patients
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suggested changes to simplify the interface and clarify terminology related to comparative efficacy. The user in the usability
testing found the website intuitive to navigate.

Conclusions: We developed awebsite, “eczematherapies.com,” with a user-centered design approach. Visualizations of NMA
results enable users to compare treatments as part of their shared decision-making process.

(JMIR Dermatol 2022;5(3):e41201) doi:10.2196/41201

KEYWORDS

atopic dermatitis; skin; dermatology; dermatitis, eczema; network meta-analysis;, knowledge trandation; health literacy;
user-centered design; patient education; information seeking; health information; website devel opment; web devel opment; web
design; website design; allergist; user experience; interface; usability; visualization; decision-making; online resource; education

material

Introduction

Methods

Progress in understanding the immunopathogenesis of atopic
dermatitis (AD) has resulted in an expansion of systemic
immunomodulatory treatments. A recent review found over 70
compounds being studied in clinical trials [1]. Expanded
therapeutic options should improve outcomes for people with
AD, but treatment decisions may become more complex.
Comparing the relative effectiveness and safety of different
medications is chalenging because most clinical trials are
placebo-controlled, with few head-to-head trials[2,3]. Network
meta-analysis (NMA) can address this gap by using direct and
indirect evidence to compare treatments with each other,
including treatments that have never been compared with each
other in a head-to-head trial [2,4]. We conduct a living
systematic review and NMA of systemic immunomodul atory
treatmentsfor AD that isupdated regularly to provide up-to-date
comparative evidence [2,3].

Living NMAs have great potential to facilitate continuous
knowledge synthesis across different fields of medicine, but the
outputs of NMAs can be challenging to interpret for patients
and clinician end users. There are resources on creating NMA
network diagrams and forest plots for publication [4,5], but
these are often complex and may not be clinically meaningful.
Some groups have attempted to share NMA results using an
open science approach by making their living NMAs available
on websites [6-9], but these websites resemble traditional
knowledge transl ation outputs such as journal publications and
conference presentations; understanding the results is likely
difficult for non—researcher knowledge users [10]. Clinicians
and patientswithout training in interpreting NMA resultswould
not likely be able to use this information directly for treatment
decisions. Stakehol der engagement in the website design process
could improve uptake and dissemination of NMA results[11].

Our overal goal isto providereliableinformation on therelative
efficacy and safety of systemic treatments for AD and to help
inform clinical shared decision-making. The objective of this
study wasto devel op awebsite to effectively present the results
of our living systematic review and NMA of AD treatments to
patients and clinicians.

https://derma.,jmir.org/2022/3/e41201

Study Design and Setting

To design and develop the website, we used a multimethod
user-centered approach. User-centered design has been shown
to increase the overall adoption and impact of health tools[12].
We used best practicesfor user-centered design of decision aids,
including a 3-phased iterative approach, with feedback from
patients and clinicians [13]. Our team consisted of clinicians,
apatient partner, digital product designers, and web devel opers.
The development process took place between September 2019
and April 2020 in Toronto, Ontario, Canada. We completed the
study in the following three phases: (1) patients and caregivers
of patients with AD and clinicians who treat AD completed
guestionnaires about meaningful criteria for seeking
evidence-based information regarding AD treatments; (2) two
workshops, one with patients and caregivers and another with
clinicians, assessed how participants perceived and wanted to
see the NMA results on the web interface; and (3) usability
testing with a caregiver was conducted to identify the remaining
barriers and receive feedback about navigation and usability of
the website.

Ethics Approval

This study was approved by the Women's College Hospital
Research Ethics Board (REB# 2019-0095-E).

Website Design

Two digital product designers worked with the study
investigators to design a prototype with visualizations of the
NMA results. We chose to use horizonal bar charts to display
the effectiveness of each of the treatments within a specific
priority type. The bars represent surface under the cumulative
ranking curve (SUCRA) values, an NMA output used to rank
treatmentswithin agiven outcome; higher values, to amaximum
of 100%, indicate better efficacy [4]. The decision to use this
type of graphic was made asit is a visualization understood by
a wide audience and allows for a simple way of comparing
complex data, where concrete numbers and percentages may
have misrepresented the results of the NMA.

The different colors within the priority groups allow users to
easily scan the page for that individual priority, and the white
splitters within the bars act as visual markersto help users see
how much of the bar is filled, without calling out a specific
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SUCRA percentage (because precise SUCRA point estimates
oversimplify results).

The color fills on the bar charts are based on the data collected
in the NMA, and therefore the lengths of the bars will only
change when new data are analyzed and incorporated into the
tool. Theinteractive component of thiswebsite comesinto play
when comparing one drug to another. Based on their first
assessment of the represented graphics, users can select 2
medications they would like to compare side by side; they can
view a table that, using written word and a large green
checkmark, will clearly identify which of the 2 drugsiscurrently
the most effective treatment option for agiven priority, and help
them decide which treatment may be better suited for them.

Phase 1

Adults with AD and caregivers of children with AD were
recruited from dermatology clinics at Women's College
Hospital. To be included, participants had to be 18 years or
older and speak English. Consenting participants were given
paper questionnairesto completeduring clinic visits (Multimedia
Appendix 1). At the end of the questionnaire, participantscould
opt in or out of being contacted about participating in the
workshops.

A web-based questionnaire was circulated to alergists and
dermatol ogiststhrough the Canadian Dermatology Association
and the Canadian Society of Allergy and Clinical Immunology
mailing lists (Multimedia Appendix 1). Participation was
anonymous.

Phase 2

Workshops took place at Women's College Hospital. Adults
with AD and caregivers who indicated their interest in
workshops on the Phase 1 questionnaires were recruited.
Convenience sampling was used to recruit participants for the
clinician workshop; email invitationswere sent to dermatol ogists
in the Toronto area.

Participants were shown a prototype of the website on alarge
television screen. Digital product designers navigated through
various sections of the website to focus the discussion on the
content, layout or hierarchy of information, and visualization
of NMA results. Because of the different levels of familiarity
with medical terminology between patients and clinicians, we
decided to develop 2 separate web pages to tailor to each user
group’s needs. The patient group shared their user experience
and commented on the language on the home page, patient
landing page, and 2 versions of the patient NMA results page.
The clinician group was guided through the home page, clinician
landing page, and research page. They shared their comments
on the language and their expectations for each subsection.

The workshops were audio recorded. Two digital product
designers took notes during the workshops and grouped the
comments into high, medium, and low priority. High-priority

https://derma.,jmir.org/2022/3/e41201
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items were those that were agreed upon by several participants
and were perceived as valuable for improving website usability.
Low-priority items were expressed by 1 or 2 participants and
did not significantly affect how they used the website.

The designersand clinician researchersreviewed the suggestions
and decided which priorities were critica or feasible to
implement on a new version of the website.

Phase 3

A caregiver of apatient with AD completed usability testing of
the updated website, facilitated by 2 designers and 1 clinician
(AMD). They reviewed the home page, “About UsS’ page,
patient page (both results for children and for adults), and the
experimental drugs page. The digital designers took notes and
sorted the comments into high, medium, and low priority using
the same criteria as the workshops. Additional information and
revision of language were added to the final version of the
website.

Statistical Analysis

Descriptive statistics were used to summarize the questionnaire
data. For ranking questions, the average ranking was cal cul ated
for each answer choice. Weights were applied in reverse; with
the most preferred choice (ranked first) given the highest weight
and the least preferred choice (ranked last) given the weight of
1. The answer choice with the highest average ranking is the
most preferred choice.

Results

Patient Questionnaire Results

Questionnaires were completed by 31 adults with AD or
caregivers (Table 1). Of these, 22 (71%) participants indicated
they or their child have been on or have considered using
systemic medications. Most participants (20/31, 65%) felt it
was very important to know about new treatment options with
a10/10 rating. Most participants learned about new treatments
from their doctor (29/31, 98%).

Participants felt effectiveness and side effects were very
important information when learning about a new treatment.
Other considerationswhen deciding on anew treatment include
cost or insurance coverage, corvenience, and length of
treatment. “Avoiding potentially dangerous side effects’ (5.2/7
weighted ranking; higher ranking indicates higher importance)
and “improvement in quality of life” (4.9/7) were ranked the
most important considerations.

When asked what they would do next with information about
a new treatment option that aligns with their needs, most
participants responded they would speak with their doctor. Most
participants (16/31, 52%) were interested in knowing about
drugs that are only available in countries outside of Canada.
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Table 1. Demographics of patient questionnaire respondents (n=31).
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Characteristics

Values, n (%)

Agerange
18-39
>40

Sex
Female

Male

22(71)
9 (29)

18 (58)
13 (42)

Clinician Questionnaire Results

Clinician questionnaires were completed by 94 participants
(Table 2). Most (85/94, 90%) clinicians were seeing patients
with AD at their practice. Many clinicians (55/93, 59%) felt the
lack of evidence-based comparisons between treatment options
was abarrier to patient care.

Clinicians ranked improvement in patients’ symptoms (5.0/6
weighted ranking; higher ranking indicated higher importance)
and quality of life (4.0/6) asthe highest prioritieswhen deciding
on atreatment. Other considerations when treating AD include

Table 2. Demographics of clinician questionnaire respondents (n=94).

age of patient, patient preference, and ease of use. They believed
that efficacy, safety, and cost were the most important factors
for their patients.

Most clinicians (60/90, 67%) indicated they would tell their
patients about treatments that are not yet approved with the
purpose of potentially enrolling patientsinto available trials or
to give them hope. When asked where they are currently
accessing research about treatment options, most clinicians
mentioned journal articles and academic meetings as their
primary sources of information.

Characteristics

Values, n (%)

Agerange
18-39
40-59
>60

%xa
Female
Male

Number of yearsin practice
Still in residency
Lessthan 5 years
6-10 years
11-20 years
21-30 years
>30 years

Type of practice
Community
Academic

Community and academic

42 (45)
31(33)
21(22)

55 (59)
38 (40)

7(8)
28 (30)
11(12)
20 (22)
8(9)
19 (20)

44 (47)
17 (18)
33(35)

parti cipants can choose not to say as a response to this question.

Patient Wor kshop Results

A total of 4 participants (mean age 39 [SD 21.28] years, 2/4,
50% female; mean age at AD diagnosis: 19 [SD 28.58] years)
participated in the patient workshop. They had previously tried
a range of topical, phototherapy, and systemic treatments.

https://derma.,jmir.org/2022/3/e41201

Participants had a range of educational attainment from high
school to professional or graduate degrees.

Two digital product designers guided the participants through
several sections of the prototype with a focus on their
understanding of the various outcome domains (eg, improvement
in itch, improvement in quality of life, avoiding potentially
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dangerous side effects, etc) for each drug and the visualization
of the NMA results. Overall, their feedback was positive; they
felt it presented reliable information that gave them hope that
more treatmentswere in the pipeline. They understood the goal
of the website and stated that its affiliation with a teaching
hospital and listed researchers gave the website more credibility.
A high priority for the participants was the ability to see all the
results at once without having to preselect individual outcome
domains.

Lauetd

Participants had difficulty understanding the meaning of
“relative effectiveness’ and why each result was linked with a
“certainty rating” (based on Grading of Recommendations,
Assessment, Development and Evaluations [GRADE]) [14].
Based on their feedback, we changed the wording of “relative
effectiveness’ to “how do these drugs compare?’. Wesimplified
theworkflow of thewebsite so NMA resultswould be displayed
with fewer clicks. We also removed several outcome domains
and the certainty information from the patient page (Figure 1).

Figure 1. Visualization of network meta-analysis results from the patient website page. The colored bars represent effectiveness on various outcome
domains (ie, itch, quality of life, improvement in rash). Users can also select 2 medications for a more detailed head-to-head comparison.
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Select to Compare

Improvement in Quality of Life

|

Improvement in Rash

» G

Methotrexate Improvement in Itch

Select to Compare

Improvement in Quality of Life

- |

- | | J
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- | |

Clinician Workshop Results

A total of 7 clinicians (mean age 36 [SD 6.05] years, 4/7, 57%
female; mean 6 yearsin independent practice) who treat patients
with AD participated in the workshop. Clinicians were al
dermatol ogistsworking in either academic or community group
or solo practices. They reported seeing between 2 and 10 AD
patients per month.

They understood both “relative effectiveness’ and GRADE
certainty information. Similar to patients, they wanted to see
all the results at once with as few clicks as possible. They felt
reassured that the website clearly statesit is not affiliated with
pharmaceutical companies. A medium-level priority for them
was arequest for adrug information card when they clicked on
the name of each drug. Overall, they understood the presented
results but were uncertain whether the information would be
clinically meaningful in their practice because at the time of the
workshop there was only one targeted medi cation approved for
AD. They felt it was an easy-to-use resource if they wanted to
learn more about new treatments.

Usability Testing Results

A caregiver of achild with AD participated in aremote usability
testing session with 2 digital product designersand 1 clinician
investigator (AMD). The user’s expectation from the home page
was that she would learn more information about eczema
research and upcoming clinical trials. She did not have any
issues navigating the website and had no difficulty

https://derma.,jmir.org/2022/3/e41201

RenderX

understanding its content. She believed the longer bars on the
“Avoiding potentially dangerous side effects’ domain meant
more dangerous side effects. The wording was then changed to
“Safety: Fewer Serious Adverse Events.”

Discussion

Principal Findings

We created aknowledge trand ation website for aliving network
meta-analysis of AD treatments, employing a user-centered
design approach and iterative feedback from patients, caregivers,
and clinicians. The website [15] was launched in April 2020,
and since then, we have posted 6 NMA result updates.
According to our website analytics (assessed June 13, 2022), it
has been visited 7418 times by users from over 65 countries.
There were 887 active users over the previous 30 days,
suggesting it has enduring utility.

Our questionnaire found that learning about new AD treatments
isahigh priority for adultswith AD and caregivers of children
with AD. Most of the participants expected to learn this
information from their physicians, so it is important to
disseminate new treatment information to clinicians treating
AD. Clinicians were motivated to tell their patients about
not-yet-approved treatment options, but many felt that the lack
of evidence-based comparisons between treatments can impede
care. Therewas an apparent need among patientsand clinicians
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for atool that can help them better understand and compare new
AD treatment options.

In workshops, we received overall positive feedback about the
website from participants who provided suggestionsto improve
the usability of thewebsite. Their insights on data visualizations
and language contributed to the subsequent interface design.
Patients and clinicians were satisfied with similar data
visualizations, with some simplification on the patient page.
Usahility testing with a caregiver found that the final design
was easy to navigate and understand.

Our website achieves the following 2 goals of knowledge
trandation for our NMA results: (1) open science, in which
information is disseminated in an available, transparent, and
timely manner; and (2) dissemination of useful information to
end users (ie, patients and clinicians). Researchers usually rely
on passive knowledge trandlation strategies such as journal
publications and conference presentations [16]. Passive
knowledge tranglation approaches are less likely than active
knowledge trandation approaches to result in uptake of the
information and often lack stakeholder engagement. An active
knowledge translation approach that involves end users in the
development process may lead to better uptake [17].

Other living NMA websites achieve the open science goal of
disseminating NMA results. The COVID-NMA Initiative group
has developed a living mapping and systematic review of
COVID-19 trials [6,7]. Users can use its interface to perform
their own meta-analyses using the COVID-NMA's frequently
updated database. Similar living NMA websites have devel oped
sophisticated interactive data visualizations, but users without
training in NMA methodology may find it difficult to interpret
the results [8,9]. Compared to other living NMA websites, our
research pageisless sophisticated and interactive. Living NMA
websites are an improvement over traditional knowledge
trandation strategiesin that they are more efficient at delivering
up-to-date information to other researchers, but dissemination
and uptake need to reach clinicians and patientsin order bridge
the gap between science and practice.

Our website was specifically designed to disseminate NMA
resultsto end users, with specific pages dedicated to researchers,
patients, and clinicians. Similar to other living NMA websites,
our research page posts extensive data from our NMA results.

Lauetd

The patient and clinician pages display the NMA results using
easy-to-understand comparative visualizations.

Limitations and Future Directions

For feasibility, patient and caregiver participantswere recruited
from a single urban tertiary care center in Canada. Clinician
survey participants were recruited only from Canada, and
clinician workshop participants all worked in the Toronto area.
We only conducted final usability testing with asingle end user;
however, our research team included clinicians and patients
who also provided iterative feedback as the website was in
development. Our findings may not be fully generalizable to
al end users; additional testing with more users on the final
website product would be informative.

One of the aims of the website is to provide a treatment
comparison tool for patients with AD and clinicians. A user
experience study can investigate users' purpose for the website
and whether their goals align with those we set out. To further
improve user experience, it may be worthwhile to add a short
video with an introduction to the website and a basic overview
of NMA methodology. Research has found that videos are an
effective knowledge trandation tool and can lead to overall
knowledge improvement [18].

Traditionally, research impact is measured by bibliometric
measures such as Impact Factor and citation counts [19]. As
open science expands to wider, nonacademic audiences, it may
be worthwhile to consider alternative metrics (altmetrics) to
better capture other forms of dissemination that are more
accessible and popular among nonacademic knowledge users
[17]. Altmetrics can assess dissemination of research to groups
outside the scientific community by aggregating mentions in
media outlets such as blogs, forums, discussion sites, and social
media such as Twitter and Facebook [17].

Conclusions

To address the need among patients and clinicians for
evidence-based information on systemic AD treatments, we
developed awebsite to present results from aliving systematic
review and NMA. Engaging end users during the design and
development process resulted in a tool that makes complex
NMA results more relevant to their treatment decision-making
process.
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Abstract

Background: Emoticons and emogjis have become staple additions to modern-day communication. These graphical icons are
now embedded in daily society through the various forms of popular social media and through users personal electronic
conversations. With ever-increasing use and inclusivity, exploration of the possible health care and dermatology applications of
these tools isimperative.

Objective: The goal of this narrative review was to provide and evaluate an up-to-date literature survey examining the utility
of emoticons and emojisin medicine. Specia attention was paid to their existing and potential usesin the field of dermatology,
especialy during the COVID-19 pandemic.

Methods: A PubMed search of peer-reviewed publications was performed in mid-2021 to collect articles with emoticon or
emoji keywords in combination with other health care—relevant or dermatology-relevant keywords. Screening of publications
and described studies was performed by the authors with education and research experience in health care, dermatology, social
media, and electronic communication trends. Selected articles were grouped based on common subjects for qualitative analysis
and presentation for in-depth discussion.

Results: From thisextensive search, researcherswere able to identify awide variety of publications detailing the use of emoticons
and emojisin genera health care, pediatric health care, public health, and dermatology. Key subject areas that emerged from the
investigation included the ability of emoticons and emajisto improve communication within pediatric health care, enhance mood
and psychological assessment or mental health screening in adults, devel op interventionsto improve patient medication adherence,
complement novel means of public health and COVID-19 surveillance, and bolster dermatol ogy-specific applications.

Conclusions: Thisreview illuminated the repurposing of emojis and emoticonsfor amyriad of advantageous functionsin health
care and public health, with applications studied in many populations and situations. Dermatol ogy-specific uses were relatively
sparseintheliterature, highlighting potential opportunitiesfor growth in future studies and practices. Theimportance of diversity
and inclusivity has extended to emojis, with the recent introduction of skin color customization and new emojis better representing
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the comprehensive spectrum of users' experiences. A continuously evolving and technol ogy-driven population creates a unique
niche for emoticons and emojis to ease worldwide communication and understanding, transcending the barriers of age, language,
and background. We encourage future studies and innovations to better understand and expand their utility.

(JMIR Dermatol 2022;5(3):€33851) doi:10.2196/33851

KEYWORDS

emojis; emoticons; dermatology; social media; medicine; public health; COVID-19; narrative review; literature review; mobile

phone; Skin of Color

Introduction

In the ever-evolving world of communication technologies,
some of the most popular featuresinclude the use of emoticons
and emgjis, more broadly known as “graphicons’ or graphical
icons [1]. As electronic communication begins to supplant
face-to-face communication, these graphicons can convey
emotions and compensate for the lack of nonverbal visual cues
in computer-based text, such as facial expressions, body
language, and tone of voice. Therefore, emoticons and emojis
help broker the rel ationship between messages and their intended
meanings[2].

A portmanteau of “emotion” and “icon,” emoticons specifically
refer to icons indicating emotional expressions and were first
observed on web-based message boardsin 1982. Combinations
of keyboard letters and symbols can represent an emotional
status by depicting a face or body part, such as “:-D” for
laughing, or possibly with other accessories and elements of
popular culture, such as “*<\;-)" for Santa Claus [3]. A more
recent expansion of the emoticons concept occurred with the
development of emojis, defined as “a visual representation of
anemotion, idea, or symbolism” and can a so enhancetext-based
and web-based communication [4]. The telecommunications
interface designer Shigetaka Kuritadevised some of theworld's
first emoji setsin the 1990s, drawing inspiration from Japanese
pictograms. It was apparent that without a mechanism such as
emojis to provide important contextual information, the rise of
electronic text communication would be accompanied by an
increase in miscommunication. A popular example of an emoji

is the “Face with Tears of Joy” (‘E ), which was the Oxford
Dictionary’s Word of the Year in 2015 and remains one of the
most commonly used emojis[5]. A recent survey of university
studentsindicated that the overwhelming majority used emojis
(91%), most commonly facial expressions, followed by hand
gestures, objects, and symbols. They aso heavily preferred
emojis over emoticons (86%), citing their visual appeal,
expressiveness, and ease of use [6]. The use of an image such
as an emoji to represent concepts is not a new one. Years of

https://derma.jmir.org/2022/3/e33851

human history haveindicated that imagery isan integral portion
of language and communication. The ancient Egyptians used
pictographic hieroglyphic symbols as their written language to
communicate about items, emotions, and stories [7]. Emoji
databases presently contain >2823 unique visual representations
of different emotions, actions, foods, sports, items, and other
concepts, and this number is constantly growing [3]. The
concurrent rise of social media has skyrocketed emoji use into
awidespread phenomenon, with billions of emojis exchanged
daily on different platforms across all genders and nationalities

[8].

With theincreasing popul arity of emoticonsand emojis, aswell
astheir established utility in enhancing human communication,
theworld of health care must consider their influence and role.
Effective exchange of information in health care is paramount,
and previous studies have indicated that |anguage-based health
assessments can often inadvertently perpetuate biases because
of language barriers and lower health literacy. Implementation
of image-based surveys using emoticons and emojis may be
effective in overcoming or even eliminating these potential
biases [9]. In addition, physicians should be aware of their use
to cater to younger populations and their preferences for using
social media, emojis, and texting slang to communicate.
Integration of these modalities into regular practice may help
forge important communication avenues and rapport between
patientsand providers[10]. Along these lines, recent movements
have sought to increase diversity and inclusivity in the skin tone
of emojis to better represent the user; in 2015, the Unicode
Consortium, a nonprofit organization upholding international
software standards, worked with Apple developers to release
an emojis update featuring 6 different skin tone options based
on the Fitzpatrick scale in dermatology (Figure 1) [11,12].
However, the potential implications for dermatologic care and
Skin of Color dermatology patients remain unclear. Therefore,
this narrative review surveys the existing body of scientific
literature on the applications of emoticons and emgjis in
improving various aspects of health care and dermatology,
especialy inlight of the COVID-19 pandemic, triggering further
shifts to electronic communication.
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Figure 1. The 6 different skin tone-modifying options for emojisintroduced by Apple and the Unicode Consortium in 2015 [11,12].

Methods

A PubMed survey of peer-reviewed publications was conducted
from May 2021 to December 2021 to identify articles related
to emojis and emoticons in the context of heath care,
dermatol ogy, and the COV I D-19 pandemic. PubMed was chosen
to conduct the searches as it has been widely recognized as a
pre-eminent public source for searching and accessing
biomedical literature [13] and currently indexes citations from
>34 million publications and 30,000 scientific journals[14]. It
was noted that the terms “emoticons’ and “emojis’ were often
conflated and used interchangeably in the literature, despite the
subtle differences in definitions we have described in the
Introduction section [3]. For simplicity, in this paper, we will
henceforth use theterm “emojis’ to refer to the concepts of both
“emoticons’ and “emojis” However, to ensure acomprehensive
initial screening, we performed literature searches on both terms
using combinations of keywords such as*“emoticons,” “emojis,”
“social media,” “internet,” “dermatology,” “medicine” “health,”
“health care” “public health,” “covid,” “COVID-19,” and
“SARS-CoV-2" Aninitia PubMed search of theterms*emcgjis’
and “emoticons’ yielded 225 unique publications, which were
examined by researcherswith education and experiencein health
care, dermatology, social media research, and trends in
electronic communication who independently screened titles
and abstracts of search results for relevance and recency, as
well as references to important literature cited by resulted
publications. Each potential publication required an individual
detailed review by the researchers for inclusion, as
emoji-specific Medical Subject Headings terms currently do
not exist for indexing of PubMed items, and searches returned
multiple publications that included only 1 instance of the

https://derma.,jmir.org/2022/3/€33851

RenderX

keyword in the full text, such as research regarding restaurant
inspection reports or broad studies of social media sentiment
analysis outside of the health care and dermatology scope.
Exclusions and subject area determinations were confirmed in
consultation with a board-certified dermatologist and a
prominent researcher with extensive investigative and editorial
experience in health care social media. Preprints, duplicate
results, and non—English language publications were also
excluded. As our aim was to compile a narrative review of the
recent literature, the qualitative analysis focused on examining
the specific use of emgjis, the populations studied, and the
proposed generalizability of the findings. Ultimately, a small
subset of articles was featured for in-depth discussion, grouped
by a selection of overarching subject areas that emerged from
the observed patterns in the results related to applications of
emojis.

Results

Overview

A selection of 31 recently published articles from studies on
general heslth care, public health, and dermatology was analyzed
after screening the emojisliterature. We identified several main
subject areas, including communication in pediatric health care,
assessments of mood and mental health screening in adults,
improvements in medication adherence, public health tracking
or interventionsand COV | D-19—elated publications, and emoji
use in dermatol ogy-specific applications and indicators of skin
tone. A narrative review of our findings is detailed in the
following sections, organized under the headings of the various
article subject groupings. A summary of the study population
and type for each examined articleis also availablein Table 1.
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Table 1. Summary of relevant emoticon- and emoji-related articles examined in this narrative review grouped by subject area.

Number Articletitle Year published  Study population Study type Summary
Subject Area: Pediatric Health Care
1  Validation of the Wong-Baker 2010 120 patientsinthe  Prospectiveobser-  Validation of the Wong-Baker FACES
FACES Pain Rating Scalein pedi- emergency depart-  vationa study Pain Rating Scale and correlationto apain
atric emergency department pa- ment; children aged severity visual analog scale in children
tients [15] 810 17 years presenting to a suburban academic pedi-
atric emergency department with pain
2 Children’sself-report of paininten- 2009 50 peer-reviewed Literaturereview Synopsisof self-reported measuresof pain
sity: what we know, where we are publications intensity in children, including an
headed [16] overview of principles, measurement is-
sues, and recommendations for clinical
practice and further research
3 Use of an animated emoji scaleas 2019 102 randomly select-  Pilot study Evaluation of anewly designed animated
anovel tool for anxiety assessment ed healthy children emoji scale to assess dental anxiety in
in children [17] aged 4to 14 years children, with comparisonsto the common-
visiting an academic ly used Venham picture test and facial
pediatric dentistry image scale
department in India
4 Emoticonuseincreasesplainmilk 2015 297 childrenfroman Community trial  Investigation of whether emoticon place-
and vegetable purchasein aschool inner-city elemen- ment next to healthful foods, particularly
cafeteriawithout adversely affect- tary schoal in plain whitefat-free milk, in an elementary
ing total milk purchase [18] Cincinnati, Ohio, school cafeteriawould increase healthy
United States purchases
5 The meaning of emoji to describe 2020 254 preadolescents  Cross-sectional  Investigation of the emotional meanings
food experiences in pre-adoles- aged 9to 13 years  study and word linkages of emoji used to de-
cents[19] attending primary scribe food experiences and analysis of
and secondary age and gender differences
school in Florence,
Italy
6 Assessing the meaning of emojis 2019 386 web-based sur-  Web-based sur-  Investigation of how emotion-related
for emotional awareness—a pilot vey respondents vey emojis are interpreted by age and gender
study [20] and assessment of the suitability of emojis
in probing for emotiona awareness
7 Emoji questionnaires can beused 2018 1084 urban Chinese  Web-based sur-  Assessment of differencesin theinterpre-
with arange of population seg- consumersfromdi-  vey tation of 33 facia emojisand measurement
ments: findings relating to age, verse demographic of emotional associations with consumer
gender and frequency of emo- and socioeconomic food products
ji/emoticon use [21] backgrounds
8 Potential of using visual imagery 2020 N/A2 Commentary Thought piece exploring how digital visual
to revol utionise measurement of imagery such asemoji could provide more
emotional health [22] effective measurements of emotional
health
Subject Area: Adult Mood and Psychological Assessments
9 Development and preliminary val- 2019 Recruitment via Web-based sur-  Assessment of depressive symptoms
idation of an image-based instru- worldwide web- vey through web-based surveys using 36
ment to assess depressive symp- based social media; emoajis, study 1: investigation of partici-
toms[9] study 1: 430 young pant mood and behavior over the past
adults; study 2: 482 week, as depicted by emajis, and correla-
young adults tionswith thewidely used Center for Epi-
demiologic Studies Depression Scale self-
reports; study 2: evaluation of a 10-emoji
subset for validity with self-reported de-
pressive symptoms and Big 5 personality
traits
10 Cananemoji aday keepthedoctor 2019 32 participantsaged Mixed methods ~ Development and evaluation of a new
away? An explorative mixed- 16to24yearsreceiv- feasibility study — emoji-based digital mental health daily

methods feasibility study to devel-
op aself-help app for youth with
mental health problems[23]

ing care from a psy-
chiatric facility fol-
lowed over 3 months

monitoring tool, G-Mgji, to assess positive
or negative feelings and allow pattern
analysesfor potential clinica applications
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Number Articletitle Year published  Study population Study type Summary
11 Depression screening using daily 2016 78 adult patients Pilot study Evaluation of an emoji-based mobile
mental-health ratings from a with breast cancer in mental health daily tracking app to screen
smartphone application for breast South Korea, gener- for and monitor indicators of depression,
cancer patients [24] ating 5792 total sets with comparisons to PHQ-9° screening
of daily mental
health ratings over a
48-week period
12 Sensitivity and specificity analy- 2018 77 participantsaged  Cross-sectional ~ Examination of correl ations between mood
sis: use of emoticon for screening >65 yearsrecruited  study ratings on an emoji scale and comparisons
of depression in elderly in Singa- from ageriatric out- with DSM-IVC assessments
pore [25] patient clinicin Sin-
gapore
13 Exploring the utility of communi- 2018 749 participantsre-  Web-based sur-  Investigation of community- and self-
ty-generated social media content cruited through a vey and feature  generated social mediacontent asadepres-
for detecting depression: an analyt- web-based crowd-  extraction from  sion screening approach and comparisons
ical study on Instagram [26] sourcing platform  participants’ Insta-  \yith dlinicaly validated pHQ_gd question-
gram profiles naire responses
Subject Area: Medication Adherence
14  Using conversational agentsto 2018 360 adult partici- Web-based sur-  Development and assessment of avirtua
explain medication instructionsto pantsin the United  vey and pilot conversational agent system to encourage
older adults[27] Statesrecruited from  study patient self-care and deliver medication
Amazon Mechanica instructions, including an investigation of
Turk how appearance, realism, facia cues, and
social responsesfrom the virtual agent af-
fect patient learning
15 Feasibility and acceptability of a 2021 24 adult participants Semistructured  Evauation of the effectiveness, acceptabil-
digital health intervention to pro- undergoing outpa-  interviews ity, and structure of acombined computer-
mote engagement in and adherence tient opioid addic- delivered and SM Stext message-delivered
to medication for opioid use disor- tion treatment intervention (including emajis) for individ-
der [28] ualsinitiating buprenorphine treatment for
opioid use disorder
16 Nudgeme: tailoring text messages 2021 35 participantswith  Synchronous Evaluation viainterviews and content

Subject Area: Public Health and the COVID-19 Pandemic

17

18

19

20

for prescription adherence through
N-of-1 interviews [29]

Frequencies of private mentions 2017
and sharing of mammography and

breast cancer terms on Facebook:

apilot study [30]

May emoji improve CPR knowl- 2019
edge? [31]

Public awareness, emotional reac- 2020
tions and human mobility in re-
sponseto the COVID-19 outbreak

in China—a popul ation-based

ecological study [32]

Surveilling COVID-19 emotional 2021
contagion on Twitter by sentiment
analysis[33]

at least one chronic
condition treated at
alarge Colorado
health care system

1.1 million unique
female Facebook
users generating 1.7
millionuniqueinter-
actions

N/A

Mobility dataand
Weibo social media
interactions from 70
million mobile
phone usersin
Sichuan, China

3,308,476 Tweetson
Twitter

video interviews

Cross-sectional
study

Commentary

Ecologica study

Focused social
media—based sen-
timent analysis

analysisof SM Stext messages containing
emojis to motivate medication adherence
and refills

Analysis of terminology and emoji reac-
tionsused in popular social mediacontent
regarding breast cancer screening and di-
agnosis by female Facebook users

Proposal to add new emgjis to the Emoji
Unicode List representing the steps of

CPR® and early defibrillation to increase
awareness and knowledge

Description and analysis of changesin
mobility patterns and public emotional
reactions via emajis during the COVID-
19 pandemic in early 2020

Examining the flow and content of
Tweets, including emojis; exploring the
role of COVID-19 pandemic key events,
assessing Twitter as a potential surveil-
lance tool for managing pandemic re-
sponse, and monitoring the spread of infor-
mation and emotions throughout apopul a
tion
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Number Articletitle Year published  Study population Study type Summary
21 COVID-19 andthegendered use 2020 50,811,299 Tweets  Infodemiology Analysis of Tweets on Twitter with the
of emgjison Twitter: infodemiolo- from 11,706,754 study hashtags #Covid19 or #Covid-19 to deter-
gy study [34] unique users mine how emojis were used to discuss
various pandemic-related topics and exam-
ination of differencesin emojis used by
gender
22 How asmiley protectshealth:a 2018 65,907 hand hygiene Pilot study Examination of an emoji-based electronic
pilot intervention to improve hand opportunities and monitoring and feedback system to rein-
hygiene in hospitals by activating 3340 hand hygiene force hand sanitizer use by hospital staff
injunctive norms through emoti- events at a hospital in patient rooms, suggesting that activating
cons [35] in Germany injunctive norms could improve hand hy-
giene behavior
23 Emgjisin public healthand how 2020 57 peer-reviewed Literaturereview Overview of emoji use in medicine and
they might be used for hand hy- publications public health and how emojis may be used

giene and infection prevention and
control [36]

Subject Area: Emoji Skin Tone and Der matology-Specific Applications

24

25

26

27

28

29

30

Technically white: emoji skin-tone 2019
modifiers as American technocul-
ture[37]

The problem with emgji skintones 2018
that no one talks about [38]

Linguistic signaling, emgjis, and 2020
skin tonein trust games [39]

Emoji skintone modifiers: analyz- 2020
ing variation in usage on social

media [40]

Thebald emoji effect: dopeciaand 2021
twitter [41]

Social mediaasasurveillancetool 2020
for monitoring of isotretinoin ad-

verse effects [42]

How do disease perception, treat- 2015

ment features, and dermatol ogist-
patient relationship impact on pa-
tients assuming topical treatment?
An Italian survey [43]

35 articles, blog
posts, videos, pod-
casts, or opinion
pieces published af-
ter the introduction
of emoji skin tone
modifiers and 600
associated user com-
ments

N/A

310 undergraduate
volunteers

80,000 Twitter users

1166 tweets, includ-
ing 808 original
tweets

3082 Instagram
posts

495 patients with
psoriasis at special-
ized psoriasis hospi-
tal centersin ltaly

Criticd technocul-
tural discourse
analysis

Opinion article

Between-subjects
experiment

Cross-sectional

study

Content analysis

Cross-sectional
study

Cross-sectional
survey study

to improve hand hygiene and infection
prevention and control

Exploration of the significance of emojis
and the introduction of emoji skin tone
modifiersintermsof raceand racia repre-
sentation and as cultural artifacts where
the meaning depends on the cultural and
technological context

Personal commentary regarding theimpact
of emoji skin tones on users of various
skin tones, suggesting that the 5 possible
emoji skin tones still pose limitations and
demonstrate alack of diverse representa-
tion

Assessment of the impact of emoji use,
emoji skin tone, and emoji gender on
player trust and communication in labora-
tory-based trust games on mobile devices

Quantitative and qualitative analysis of
variation in the use of emoji skin tone
modifiers by different subpopulations of
Twitter users and associations with their
own real-life skin tone, as well as their
choices regarding web-based identity ex-
pression and how to represent other users

Examination of perceptions of aopecia,
hair loss, and related treatments on Twit-
ter; also presenting information about the
origin and popularity of the bald emoji

Analysis of Instagram posts with hashtag
#accutaneto survey public attitudes about
oral isotretinoin and adverse effects, which
corroborated known side effectsand could
be used for real-time treatment surveil-
lance

Assessment of patient knowledge and atti-
tudes toward psoriasis and treatments via
aself-administered questionnaire, includ-
ing emojis to graphically represent feel-
ings and perceived features of topical
therapies
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Number Articletitle Year published

Study population

Study type Summary

31 Validation and banding of the
ItchyQuant: a self-report itch
severity scale [44]

2017

76 adults with
chronic pruritis

Pilot study Application and investigation of
ItchyQuant, an emoji-illustrated numeric
rating scale for itch severity, to establish
clinical utility, assess patient preferences,
and provide validation compared with a
traditional numeric rating scale

8N/A: not applicable.
bPHQ-9: Patient Health Questionnaire-9 items.

’DSM-1V: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition.

dPHQ-8: Patient Health Questionnaire-8 items.
€CPR: cardiopulmonary resuscitation.

Pediatric Health Care

Emojis have been very effectivein communicating with children
and promoting healthful behaviors. Such visual imagery offers
the potential to augment clinical assessment techniques in
children or those with cognitive limitations as it can provide
information that other forms of communication cannot.
Currently, commonly used assessment methodsinclude numeric
rating scales, visual analog scales (eg, where participants can
indicate subjective pain levels by making a mark along a
horizontal line of fixed length), and verbal rating scales.
However, in studies of itch and pain severity measurement,
these scaleswere not as suitable and posed difficultiesfor young
children, older adults, and nonnative English-speakers [44].
Thus, emoji-like facial expression illustrations called “faces
scales” were developed to address this need. Each facial
expression symbolizes a categorical response arranged in an
ordinal manner to represent a spectrum of possibilities within
a self-reported measure, such as 0 (smiling face, no pain) or 5
(crying sad face, worst pain). Some variations in face scales
exist, and research has established that these are generally the
pain reporting methods preferred by children[15,16]. Although
these face scales could easily be administered on a tablet, at
least one of the studies seemed to administer the scales on a
paper form [15].

These face scales have been expanded to incorporate motion
emoticons and animated emojisto help overcome major barriers
in pediatric patient management, such as dental anxiety in
children. Fear of dental visitsor unwarranted distress over dental
procedures is common and may continue into adulthood,
contributing to the neglect of oral health. Therefore, early
recognition and assessment of dental anxiety is important to
identify those needing special assistance or additional support
[17]. A comparison of anxiety scales was undertaken to
determine an ideal anxiety scale that was easy and efficient to
use clinically, appealing, and applicable to younger children
with limited cognition and linguistic ability. A newly designed
animated emoji scale tested at dental visitsfor healthy children
aged 4 to 14 years showed ahigh correlation with other common
scales, including aface scale; however, the animated emoji scale
displayed on an electronic device was the preferred scale by
75% of children and was the expected preference over
paper-printed still cartoons [17].

In another successful application of emojisin serving pediatric
populations, an inner-city elementary school cafeteria labeled

https://derma.jmir.org/2022/3/e33851

healthy foods with green smiley face emoticons printed on
nearby signs and discovered significant increases in children’s
selection of plain fat-free milk over chocolate milk, as well as
significant elevations in vegetable purchases [18]. Emojis have
also been used more generally to help preadol escents describe
emotions and experiences associated with food, and gender and
age differences were found in how participants discriminated
between emojis representing nuances of meaning. Although
categories of emotions for children were quite broad initially,
they began to narrow during the preschooal years, with girlsand
older children (aged 12-13 years) eventually demonstrating
higher levels of understanding when interpreting variations in
emotions compared with boys and younger children (aged 9-11
years), particularly when distinguishing different positive
expressions [19]. The ability to discriminate among emotions
continued to increase with age, whereas gender differences
persisted. Familiarity and frequency of emoji use remained
higher among women compared with men [19]. However,
certain emojis showed greater consensus and high agreement
in meaning, such asthe aforementioned popular “facewith tears

of joy” (E), “pouting face’ (E), “crying face” (E), “facewith

open mouth” or surprised face (E), and “neutral face” (@)
[20]. Furthermore, other studies have found that gender and age
differences in the interpretation of emojis became negligible
for adults answering emoji questionnaires [21]. Challenges
continueto exist surrounding the interpretation of images across
different cultures, generations, and demographic groups; thus,
further broad investigation is recommended to ensure reliable
and valid resultsin clinical assessments[22].

Adult Mood and Psychological Assessments

Thereis aso extensive documented use of emojisin mood and
psychological assessmentsfor adult populations. Well-validated
questionnaires exist for the screening of many conditions such
as depression; however, all text-based items that rely on verbal
gueries are prone to significant bias. Differing education levels
and variations in a participant’s primary language can create
accessibility barriersto these screening methods [9]. Therefore,
nonverbal and image-based approaches that are independent of
language, such as emojis, were studied as alternative screening
tools. A sample of 482 young adults evaluated an emoji-based
10-item assessment performed on the participants PCsor smart
devices, with thefollowing directions: “Below isalist of emoji
depicting some of the waysyou may havefelt or behaved. Please
indicate if each of the following was true for you much of the
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time during the past week.” The survey wasinternally consistent
with high sensitivity for screening depression but showed only
moderate specificity. Although promising, further validation
may be required before truly language-free emoji-based items
can replace conventional instruments[9].

The devel opers of amabile health app called “ G-Moji” extended
this approach of using emojisfor psychological assessment. In
a feasibility study [23], youth and young adults were able to
select 1 of the 14 emgjis in response to a daily short survey
guestion in the mobile app, “How are you feeling today?’ Call
logs, location, phone activity levels, app use, socia media
interactions, and daily routines were passively collected by
G-Mqji to obtain environmental or sociobehavioral data and
contextualize participants’ responses. Participant feedback was
used to further improve and develop the apps. All participants
agreed that mobile apps such as G-Moji have the potentia to
build individual awareness of their own behavioral patternsand
changes between positive and negative feelings, with the
possibility of motivating beneficial lifestyle changesin response.
However, these perceived benefits may quickly dissipate for
those with severe mental health difficulties, such as struggles
with self-harm. Despite this, participants were not observed
overal to consider their own feelings more than usual after
using the app [23]. Although favorable as a novel way of
assessing mental health issues, subsequent investigation of
G-Mqji is required (with the integration of other collected
metrics, which were not analyzed) before its implementation
for clinical purposes.

Another mobile mental health daily tracking app wastested in
78 adult patients with breast cancer who reported sSleep
satisfaction, mood, and anxiety levels asindicators of potential
depression over 48 weeks [24]. Participants selected facial
emojis arranged on anumeric scale to report their daily ratings
of each metric, whereas the validated and commonly used
Patient Health Questionnaire (PHQ)—9 items for depression
screening was administered biweekly. The performance of the
app was comparable with that of the PHQ-9 items screening.
Higher adherence to app use was associated with higher
screening accuracy. Therefore, accessible and enjoyable
approaches to mental health screening demanding minimal
cognitive effort, such as emojis, may be less burdensome
alternatives for vulnerable participants [24].

Similar findings were observed in a cross-sectional study of
mood emoji scalesin an older patient popul ation, where hearing
impairment or limited language proficiency posed difficulties
when other mental health screening methods were used [25].
Participants were asked, “Which of these faces describe your
mood over the past 1 week?’; after this question, participants
rated their moods using an emoji scale presented by the
interviewer. The emoji scale ranged from 1 (most happy face)
to 7 (most sad face), which was compared with the Diagnostic
and Statistical Manual of Mental Disorders—Fourth Edition
(DSM-1V) criteria assessments. Although the sensitivity and
specificity of the scale could be improved, it was simple and
easy to use, and participants did not exhibit any difficulty in
comprehending the questions or differentiating emotions [25].

https://derma.jmir.org/2022/3/e33851
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Emojis can aso contribute to the prediction and tracking of
depression in communities through social media. A web-based
survey study published in the Journal of Medical Internet
Research recruited 749 participants for depression screening
and granted researchers access to their Instagram social media
profiles, thereby capturing participants posts, captions, and
comments [26]. Although previous studies had focused on
screening only user-generated social media (including Facebook
and Twitter) content created directly by the participant, this
study also analyzed community-generated content such as a
user's followers and friends' responses to the user through
received “likes” and comments. Clinically validated PHQ-8
items questionnaire responses were used as reference standards.
Variousfeatures were extracted from I nstagram datato develop
a predictive framework with linguistic components, multiple
ratings of general user sentiment, and emoji scores. Elastic net
regularized linear regression model swere then trained to predict
PHQ-8 items scores. User-generated and community-generated
Instagram content was found to be nonoverlapping, and
statistical tests indicated that combining these complementary
sources was the most accurate in detecting depression. This
suggests that examining social media interactions, including
consideration of used emajis, can provide valuable mental health
information and play a role in future mental health risk
assessment and intervention strategies [26].

M edication Adherence

It is evident that emojis, whether intentionally created for this
purpose, are finding a way into more areas of life than just
electronic messaging. Another promising application has
emerged in the improvement of health care delivery by
increasing medication adherence—the extent to which an
individual's medication use corresponds to their health care
provider's recommendations. As rates of chronic illness and
demands of self-care and medication use increase with age,
effective modalities for communicating complex medical
information and providing instruction to older adults are
paramount [27]. On average, medication adherence is quite
poor, only approximately 50% for patients with chronic
conditions, and is responsible for a substantial proportion of
hospital admissionsor deaths and health care costsin the United
States. Face-to-face communication with health care providers
hastraditionally been the primary avenue of delivery, especially
for older adult patients, which allows the presentation of both
verbal and nonverbal (eg, tone of voice and facial expressions)
information. This is beneficial for patient retention of
instructions [27]. However, inconsistencies in this approach
and increasing reliance on digital platforms have led to the
exploration of electronically based systems, many of which use
emojis.

In one study, a“computer agent” virtual provider was assessed
for its ability to deliver medication information to adults [27].
Different levels of realism (photorealism, cartoons, or emajis)
in the appearance of the computer agent weretested. Nonverbal
and verbal cues were combined in an attempt to elicit social
responses from the human participants. Interestingly, the varying
degrees of redism were not significantly associated with
participants' memory of the medication messaging, athough
realistic and cartoon agents received dightly better favorable
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evaluations than emoji agents and were perceived as more
human [27].

Theincorporation of emojisinto patients' personalized feedback
messages assisted in improving buprenorphine adherence and
intervention engagement in a group of 24 adults undergoing
outpatient addiction treatment [28]. Trained interviewers
surveyed the group for their preferencesregarding anew 8-week
interactive SM S text message—based digital health program in
aqualitative study. Almost all participants reported adesire for
the messages to feel more personal by including multimedia
elements such asemojis, animations, and videos. Reasons shared
included “because then you fed like you're talking to a real
person” and “an emgji ruler’'s cool ‘cause that’s more eye
catchin.”” The more personalized and less generic the messages
seemed, the more motivating the intervention was perceived to
be. It was a so generally acknowledged that younger participants
may be more receptive to multimedia features [28].

However, another study found that both younger and older
respondents reacted unfavorably when emojiswereusedin SMS
text messages that encouraged timely prescription medication
refills[29]. In total, 35 English- and Spanish-speaking patients
being treated for at least one chronic condition in alarge health
care system were interviewed for feedback about the design of
theinteractive SM Stext message intervention. Participantswere
of diverse ages and ethnic backgrounds and were prompted to
choose from different versions of SM S text messages, some of
which included emqgjis, slogans, and variations in the use of
abbreviations and message length. Younger respondents noted
that the use of emojisfelt like the researchers were “trying too
hard,” whereas older patients reported feeling confused by
emojis[29]. Thus, it appearsthat further research is needed with
larger numbers of participantsto elucidate whether using emojis
in messages can affect behavior modification strategies
surrounding medication adherence.

Public Health and the COVID-19 Pandemic

Emojis may also offer insightsinto the perceptions and values
of populations when tracking trends in public health. For
example, a survey of >1.7 million distinct, breast cancer
screening keyword-related Facebook interactions and reactions,
including emajis, revealed that 1.1 million unique female
Facebook users had contributed in the space of 1 monthin 2016
[30]. The most frequently used terms or phrases and shared
website links were aggregated according to content, keyword
preval ence, age group, and subtotal s based on day, among other
metrics. The top content category for interactions (36%) was
breast cancer—related e-commerce, including both for-profit and
nonprofit organization websites selling items connected to breast
cancer themes; this content was also the most reshared with
users. The second most popular category was celebrity content
(26%) commonly originating from television programs, and
almost all of these Facebook interactions were emoji reactions
to the post. The next largest category was advocacy and charity
websites, such as the American Cancer Society donation page.
A particular lack of interest in celebrity-driven content was
noted among older users, whereas a consistent subgroup of
women was responsible for certain popular content with
keywords such as “mammogram” [30]. Although this study
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presented only alimited snapshot of data, it is clear that social
media conversations involving emoji reactions and other
elements can provide valuable data when attempting to
understand current public attitudes and information sources
regarding different diseases.

Asin previous health care applications, emojis have been used
effectively for educational purposesin public health. A proposal
to introduce specific new Unicode emojis for cardiopulmonary
resuscitation (CPR) was instigated after bystander response
timewasidentified asacrucia factor inimproving extrahospital
cardiac arrest outcomes [31]. Therefore, given the prevalence
of emoji-heavy social media and electronic communication in
daily life, theinclusion of new emgjisillustrating the CPR rescue
chain presents an opportunity to spread awareness about cardiac
arrest safety to the public, overcome any language or cultural
barriers, and allow for better retention of knowledge. The
proposed CPR-related emojis encompassed 6 actions and 2
symbols: an unresponsive person not breathing normally, rescue
breaths, 2 emojis depicting chest compression, and 3indicating
the correct sites of defibrillation paddle application along with
the presence of an automated external defibrillator and a
semiautomatic defibrillator. The addition of these to the Emoji
Unicode List would allow the emoji to be used across operating
systems and among both electronic and print resources. The
easy visualization and cognitive understanding of these symbols
have the potential to advance the representation of written and
graphical (images and video) information [31].

Emojis have been instrumental in communication during the
COVID-19 pandemic, which has affected the lives of nearly
everyone, including hundreds of millions worldwide who have
been infected by the virus. Emoji tracking of public sentiment
during the pandemic was performed, with interesting results.
A study of social media in China found that negative emojis
were most prominent in January 2020, when the officia
declaration of human-to-human transmission was made but
beforethe exponential risein COVID-19 cases occurred. These
decreased as COVID-19 cases increased, whereas anger
appeared to be expressed most frequently in March 2020 [32].
These emoji data suggest a link between public awareness of
the virus and the emotional state of the population, perhaps
providing real-timeindicators of mental health. Another analysis
of the COVID-19 pandemic'sinitial emotional impact examined
Twitter and categorized the user content as “positive” or
“negative” Similarly, it was noted that Twitter discussions
became increasingly negative beginning in January 2020
foll owing the World Health Organi zation’sreport on COVID-19
transmission, and that sentiment was prone to amplification
after key events [33]. Demographic differences also exist in
pandemic-related emoji social media discourse. An evaluation
of 50 million #Covid-19 and #Covid19 Twitter posts in 2020
found that although the exchanged emojis generally expressed
positive sentiments, the discourse surrounding men was
significantly more positive than the discourse surrounding
women and sexual or gender minorities[34]. Conversely, emojis

referencing death and emergency such as the coffin (E), skull

(@), and siren (E) emojis were found much more commonly
in male Twitter discourse. The study suggested that this could
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be related to differences in perceived severity of COVID-19

and higher mortality in men. The laptop (‘E ) emoji, which was
often used to represent changes from in-person to web-based
work, was more common in discourse concerning women.
Unique gender-specific emojiswere also noted, such astheyoga

(@), weight lifting (E), or running (E) emojis being more
frequent in tweets related to women than in those related to
men, potentially indicating ahigher level of concern by women
to exercise and maintain physical health during the pandemic.
Therefore, emojis can furnish novel methods for rapid
demographic analysis in crisis settings and provide a greater
understanding of how emoji use could signify or perpetuate
gender roles and differential burdens [34].

Emojis may also assist in hand hygiene, which is a critical
element of infection control. Potentia tools to improve hand
hygiene compliance have explored emojis as part of multimodal
educational approaches to simplify instructions, eliminate the
need for language trandation, and decrease possible
misinterpretations of recommendations. Emojis have aready
been shown to improve hand hygiene behavior in hospital
settings. Compared with 3 other tested conditions, an
emoticon-based feedback system targeting social norms was
found to significantly increase the use of acohol-based hand
rub dispensers [35]. Motion sensors detecting patient room
traffic alerted the linked dispenser to possible hand hygiene
opportunities for the health care providers. A smiley face
(conveying socia approval) was displayed on the dispenser’'s
electronic screen when the provider used the dispenser, whereas
afrowny face (socia disapproval) appeared when the provider
did not. Instant feedback and constant monitoring with visual
cues were effective in modifying the behaviors. Moreover,
dispensers modified to include this electronic emoji screen were
used more than twice as much as dispensersin other rooms[35].
However, adherenceto simple hygiene procedureswas generally
difficult, despite numerous intervention strategies attempting
to overcome behavioral obstacles [36]. Currently, there is no
emoji that directly shows hand washing or hand sanitization.
Using a sequence of existing emojis such as “clapping hands”

(E) and “bar of soap” (E) can be cumbersome and create
confusing misinterpretati ons such as appl auding the use of soap.
Introducing new highly specific emojis may be helpful in the
universal dissemination of infection prevention education [36].

Emaoji Skin Tone and Der matology-Specific
Applications

Despite recent efforts to increase diversity and inclusivity
through emojis that represent different skin tones,
dermatol ogy-specific applications of emojis have been relatively
rare. Early emoji sets faced intense backlash from users with
Skin of Color because of the marked absence of diverse emoji
characters depicting human figures or body parts. Emojis
showed largely only White skin tones and, later, “ non-human”
unnatural yellow skin colors with no customization options.
The resulting public pressure eventually prompted Apple and
the Unicode Consortium to release an update in 2015 adding
skin tone modifiers (Figure 1). The“blank” emoji without skin
tone modification is a yellow nonclassified tone, whereas the
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lightest option is meant to encompass the Fitzpatrick skin type
1 or 2. The remaining options denote one of the Fitzpatrick skin
types from 3 to 6. Hair texture options were subsequently
expanded in 2018 [37]. However, it has been suggested that
adding an element of race or ethnicity to emojis posed a
disruption of any origina intention to be “raceless’ neutral
symbols and a requirement of shared cultural context for
interpretability [37]. It was al so specul ated that the new explicit
visibility of “whiteness’ in emojis created tension for users,
regardless of racial self-identity. Some users argued that
allowing people to “opt in” for skin tones was never a good
solution for true representation. Layering a skin tone on top of
a previously designed emoji was construed as akin to white
emojis simply “wearing masks’ [38]. Concerningly, recent
experiments have found that although emojis increased trust
among players of a mobile messaging trust game, both light
skin and dark skin recipients of dark skin emojis reported
significant decreases in trust, suggesting that complex social
judgments can be associated with emoji use [39]. However,
another study found that using opposite-toned emojis on Twitter
demonstrated no evidence of negative racial sentiment. The
overwhelming majority of used emoji skin tones matched the
skin tone of the user's profile photo, and users with
darker-skinned profile photos were more likely to use emoji
skin tone modifiersoverall [40]. Thus, although skin tone emojis
have attempted to bol ster representation, they have also created
an avenue for asking difficult questions about what it meansto
perform acertain identity with emojis and addressthe intrinsic
power dynamics triggered by their use [37].

Nevertheless, the ability to self-identify skin color holds great
potential for patient carein dermatol ogy. It has been established
that emojisvalidating a user’s life experiences can be powerful
toolsfor conveying shared emotions and vulnerability. In 2018,
a patient with alopecia areata aged 24 years initiated a petition
for new emojis to capture her thoughts and feelings, stating
“emoji are often used when you don’t know the words to say
and when you suffer from hair loss it's hard to express
yoursdlf...if people were able to use one, it would speak

volumes’ [41]. The bald emgji (E) wasintroduced and became
the most popular new emoji of 2018, suggesting that this
sentiment was strongly shared by other patients with alopecia
who now felt more included on social media platforms [41].
This led to a surge of tweets on the topic, most of which were
related to personal experiences, and also educated users about
the condition and its symptoms. However, alopecia
advertisements promoting hair growth products, wigs, and hair
transplantation were also common, potentially propagating
misleading treatment information [41].

Although users should approach accessing social media for
medical information with caution, user-generated content,
including emajis, may be used to monitor the side effects of
dermatologic treatment. Although they did not specificaly
examine emqjis, one study analyzed Instagram posts related to
the hashtag #accutane and identified users of the medication.
The socia media—reported side effects of the drug were similar
to the known side effects, as well as the general pattern of the
treatment’s adverse events. Therefore, emojis in dermatology
social media posts can be used as expressive tools for real-time
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treatment surveillance [42]. Another area in which emogjis can
be used in dermatology isfor patientsto describe their feelings
regarding treatment in a clinical setting. Self-administered
guestionnaires from hundreds of patients with psoriasis at
specialized hospitals in Italy revealed that emoticons helped
patients express the therapeutic features that were perceived as
the most important or distressing. Various emoticons
corresponding to descriptors, such as “soothing,” “reliable,”
“greased,” “bedaubing,” and “sticky,” were used with respect
to different topical therapy formulations [43]. In similar studies
on chronic pruritis, patients of dermatology preferred
self-reporting their itch symptoms with a cartoon emoji-based
scalecalled “ltchyQuant” over apurely numerical scaleor other
guantitative scales. ItchyQuant was administered at either the
beginning or end of the patient’s clinic visit. The cartoons
represented an increasing amount of itch by the changing facial
expressions and the amount of scratching. The ItchyQuant
measures demonstrated high concurrence with traditional itch
severity scales and were clinically meaningful [44]. Given the
substantial negative emotional and psychosocial effects of
chronic pruritus, emojis could be valuable tools for assessing
challenging dermatologic populations with communication
barriers, as was the case in other heath care fields.
Dermatologists should be aware of emoji applications when
approaching different conditions that pertain to their patients
to navigate the best personalized care for their dermatological
needs.

Discussion

Principal Findings

Clearly, emojis can be leveraged and repurposed to fulfill
different needs in health care settings. Using emajis can help
foster better interactions, including patient-provider
relationships, and aid in meeting patients at their preferred level
of understanding or cognition. We must take advantage of these
novel means to better communicate with patients, as
communication is often the largest obstacle to appropriate and
comprehensive care, aside from cost [45]. Although imagery
such asemojishasbeen foundtoyield reliableresultsin clinical
assessments, challenges till  exist surrounding their
interpretation across cultures and age groups. Therefore, abroad
investigativetask isahead to gain afirmer understanding of this
and any evolving elasticity of their meaning to different
populations[22]. Thelimitations of our narrative review include
the exploratory nature of the search and general exclusion of
publicationsand journals not indexed in PubMed. For example,
an important study in a psychological journa not indexed by
PubMed [46] by the authors of previously discussed work [9]
established the rationale for the suggested linkage of an
individual's self-identification with various emojis and
correlationswith certain Big 5 personality traits. Thishighlights
another potential use of emgjis in the health care space, and
future reviews should build upon our initial survey to assess a
broader scope of literature.

Nevertheless, current applications of emojisin dermatology are
relatively sparse, which is disappointing, given their extensive
potential. Our study found that the main clinical applications
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for emojis specifically within the field of dermatology were
limited to expressing attitudes regarding topicals for psoriasis
[43] and using emoji-based cartoons to self-report pruritus
severity using the ItchyQuant scale [44]. With recent skin tone
modifier updates, patients of dermatology could use emojisto
self-identify their skin color and help translate their selection
into an accurate Fitzpatrick skin type classification, asthiswas
the basisfor Apple's skin tone options. Aswas performed with
ItchyQuant, emojis could be incorporated into practice during
pediatric dermatologic encounters for itch and pain, among
other symptoms. This could create amore positive and friendly
environment for patients, as it can be challenging to
communicate with pediatric patients effectively. The
psychosocial and emotional aspects of a pediatric or adult
patient’s experience could be easily screened at the dermatol ogy
office, perhaps using one of the aforementioned mental
health—oriented applications [9]. Patients would be able to
self-select emojis that describe their mood or thoughts about
their condition and treatment. Going a step further, emojiscould
also be used asameans of patient satisfaction ranking. Ashealth
care expectations, reimbursement, and improvements
increasingly focus on the quality of care received, offering an
accessible variety of emojis to collect feedback quickly could
be effective. Difficult or complex dermatology medication
instructions and routes of administration can also be simplified
using emajis, for example, assigning day or night use, as well
as body area and frequency.

Astheworld continuesto progressthrough apandemic, forcing
many peopleto turnto virtual formatsand telemedicine as safer
choices, more advancements in these communication methods
must beimplemented and used. Thereis potential for providers
and patientsto communicate through emoji-enhanced messages,
and in dermatology, emojis can complement messaging about
lesions, colors, and symptoms, allowing ancillary information
to be sent along with chief concerns. However, although the
flexibility and ease of emojis may account for a large part of
their appeal [5], emoji use in health care communication may
also trigger potential medicolegal implications because of their
inherent ambiguity of meaning.

With the continued growth of electronic communication, new
applications for emojis may emerge. Although our survey was
limited by the simplified search strategy highlighting only a
few overarching subjects in previous literature, the dynamic
rapid nature of social mediaand internet trends al so entails that
this growth will inevitably outpace scientific publications. This
solidifies the need for subsequent periodic surveys of
emoji-focused studies such asthisone. Thelandscape of emojis
is aso dynamic, and new emqjis, such as skin tone
customizations and bald emgjis, are continuously introduced
and approved. Recent efforts by the medical community to
better serve the field have led to the approval of new emojis
such as the anatomical heart and anatomical lung, and a more
comprehensive set of emojis could be highly beneficial [47].
The current lack of medical emojis presents an important
window of opportunity for clinicians and researchers to work
toward a consensus and shape an optimized future for this
communication modality. For example, dermatologists could
introduce specific emojisto illustrate sun safety and sunscreen
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use for skin cancer prevention. Emgjis to encourage melanoma
awareness could be used in conjunction with current skin tone
emojis to share information about skin health, thereby helping
to address questions about sunscreen being unnecessary for
darker skin. Creative applications, including displaying smiley
or frowny social approval emoticons [35] on public sunscreen
dispensers, could also be potentially effective in increasing
dispenser use and positive reinforcement.

Conclusions
The brisk evolution of modern technologies is continuously

Szeto et al

emojis into communication has improved pediatric medicine,
adult mood and psychologica assessments, medication
adherence, and public health tracking and interventions before
and during the COVID-19 pandemic. Integration into
dermatology practice has so far been limited but is ripe for
expansion. Examining the surge in electronic communication
that reaches new heights during the pandemic will be crucial to
the continued advancement of health care. We aim to spark
further innovation by highlighting the recent use and emerging
ideas for emoji applications, and it will be intriguing to
investigate future devel opments.

shaping our lives and health behaviors. The incorporation of
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Atopic eczema (AE) is a chronic inflammatory skin condition,
affecting 5% to 20% of people worldwide [1]. While there are
many available treatment optionsthat help improve AE, patients
for whom these trestments did not work, or who fear side effects,
may look to nutritional supplements as “natural” solutions.
Nutritional supplements represent a vast, growing industry,
globally valued at over US $150 billion in 2021. Nutritional
supplements are manufactured pills, powders, or liquids, meant
to provide nutrients in addition to conventional food.
Supplementsare classified by the Food and Drug Administration
as foods rather than drugs; therefore, they are not required to
prove efficacy or safety prior to entering the market. Given the
growing popularity of supplements, physicians must be
knowledgeabl e about supplement ingredients when counseling
patients. A 2012 Cochrane review, “Dietary supplements for
established atopic eczema’ [1], offers a comprehensive review
of evidence regarding popular dietary supplementsused in AE.
Here, we discuss the findings of this Cochrane review and of
relevant subsequent publications. Of note, athough food
allergies often coexist in patients with AE, supplements were
studied for their effects on AE and not as treatments for food
alergies.

The review [1] extracted data and assessed the quality of 11
randomized controlled trials, with a total of 596 participants,
investigating therapeutic interventions of fish ail, zinc, selenium,
vitamin D, vitamin E, vitamin B6, sea buckthorn oil, hempseed
oil, and sunflower oil, versus placebo. Participants had
physician-diagnosed AE, with 8 studies using the Hanifin and/or
Rajka criteria; the other 3 studies did not state a diagnostic
method. The authors evaluated evidence of symptom

https://derma.,jmir.org/2022/3/€33178

improvement in the short term, reduced number of flaresin the
long term, and a reduced need for treatment in the long term.

Overdll, there was scarce evidence supporting the use of
supplements for treating AE. However, given that many of the
included studies were either underpowered or of low quality,
evidence was insufficient to claim al supplements are
completely ineffective. Neverthel ess, the authors advised against
further research without a stronger rationale—to the exclusion
of fish ail, for which pooled data from 2 small studies suggest
it may improve subjective daily quality of life in people with
AE [1]. Further research on fish oil is warranted, with
preliminary evidence suggesting it may down-regulate
inflammation. A 2018 animal study demonstrated that n-3
polyunsaturated fatty acids depressed inflammasome activation,
with aresultant reduction in inflammatory cytokine release and
overall inflammatory response, as well as marked attenuation
of atopic skin lesions [2]. Additionally, a 2018 cross-sectional
survey found that 35% of patients who added fish oil to their
diet reported an improvement in their AE symptoms [3].

In a 2018 review of probiotics, vitamins, oils, and traditional
Ayurvedic agents, there wasinsufficient evidence to recommend
any oral supplements as treatment, with the exclusion of
probiotics [4]. Meta-analyses of probiotics have produced
conflicting results; variable patient popul ations, probiotic strains,
dosing, and duration of therapy among studieslimit the pooling
of datafor ameta-analysis. Additional large-scaleclinical trials
are necessary to fully understand the benefits of probiatics for
AEs, elucidate optimal strains, and determine which patient
populations would achieve the greatest benefit.
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Overdll, this review highlights the limited evidence that exists [5]. Future randomized controlled trials of promising dietary
for the use of nutritional supplementsin AE. At present, the supplements should include patient-reported outcomes to fully
most effective “natural” modality for AE istopical emollients  assess the impact of nutritional modifications.
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Cdlulitis and erysipelas are types of skin and soft tissue
infections (SST1s) that occur when bacteria, commonly group
A beta-hemolytic Sreptococcus and Saphylococcus, enter
through breaks in the skin. Cedlulitis infects the dermis and
subcutaneous fat, while erysipelasisamore superficial variant,
affecting the superficial dermal lymphatics and adjacent tissues.
Untreated, these conditions may result in life-threatening
conditions including sepsis, gangrene, or necrotizing fasciitis
[1]. Dueto the potential risks associated with these conditions,
evidence-based research to inform up-to-date treatment
guidelinesiscritical; Table 1 provides guidelinesfor reference.

A 2010 Cochrane Review [1], “Interventions for Cellulitis and
Erysipelas,” assessed 25 randomized controlled trial s comparing
treatmentsfor primary skininfections, involving atotal of 2488
participants. Specifically, theincluded trials each compared two
or more interventions (eg, antibiotics, such as penicillin,
macrolides/streptogramins, or cephalosporins, and steroids),
routes of administration, and therapy durations. The objective
of the review was to assess the efficacy of interventions for
nonsurgically acquired SSTIs. This letter will address the
limitations of the original review and provide updates based on
recent studies.

Macrolides and streptogramins proved superior to penicillin
antibiotics in eliminating or reducing cellulitis symptoms
(N=2488). Trialscomparing oral macrolidesagainst intravenous
penicillin found the former to be superior (n=419). No
significant differences were found in studies comparing
penicillin to cephalosporins (n=88) or among cephalosporin

https://derma.jmir.org/2022/3/e37888

generations (n=538). These comparisons are summarized in
Table 2.

Notably, the review [1] highlights alack of evidence regarding
the incorporation of corticosteroids into the antibiotic therapy
regimen, whereas subsequent studies have suggested a benefit.
The Infectious Disease Society of Americastatesthat systemic
corticosteroids should be considered in nondiabetic adults to
hasten the clinical improvement of cellulitis[2]. A 2018 study
[3] ng corticosteroids (0.5 mg/kg prednisonefor 2-3 days)
as an add-on therapy to antibioticsfor patients hospitalized with
erysipelasfound that adding steroi dsresulted in quicker recovery
rates and return to full function, with lessrisk of recurrence [4].
A study of 43 children admitted to the hospital for orbital
cellulitis reported a 3-day decrease in length of stay for those
treated with adjunctiveintravenous dexamethasone (0.3 mg/kg/d
every 6 hours for 3 days) compared to those treated with
antibiotic monotherapy [3].

Notably, the review [1] did not examine the effectiveness of
prophylaxisfor cellulitis recurrence; the annual recurrencerate
isapproximately 8% to 20%. In patientswith frequent cellulitis
recurrence (3-4 episodes annually), erythromycin, intramuscul ar
penicillin, and oral penicillin VK have been posited as
appropriate prophylactic options. A 2021 meta-anaysis
assessing the use of erythromycin and penicillin found a 69%
decreased risk of recurrent cellulitis versus placebo and
improved recurrence interval. Penicillin was preferred over
erythromycin due to its superior tolerability and cost [5].
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Table 1. Current Infectious Diseases Society of America guidelines for the management of nonpurulent cellulitis and erysipelas.?

Disease entity and antibiotic

Dosage, adults

Dosage, children

Comment

MSSAP ssT¢

Nafcillin or oxacillin

Cefazolin

Clindamycin

Dicloxacillin

Cephalexin

Doxycycline, minocycline

Trimethoprim-sulfamethoxazole

MRSA SSTI

Vancomycin

Linezolid

Clindamycin

Daptomycin
Ceftaroline

Doxycycline, minocycline

Trimethoprim-sulfamethoxazole

Streptococcal skin infections

1-2 gevery 4h1v9

lgevery8hIV

600 mg every 8h 1V or 300-
450 mg 4 times daily by
mouth

500 mg 4 times daily by
mouth

500 mg 4 times daily by
mouth

100 mg twice daily by
mouth

1-2 double-strength tablets
twice daily by mouth

30 mg/kg/d in 2 divided
doses 1V

600 mg every 12h 1V or
600 mg twice daily by
mouth

600 mg every 8h 1V or 300-
450 mg 4 times daily by
mouth

4 mg/kg every 24 h IV

600 mg twice daily IV

100 mg twice daily by
mouth

1-2 double-strength tablets
twice daily by mouth

Penicillin: 2-4 million units
every 4-6 h 1V; Clin-
damycin: 600-900 mg every
8 h1V; Nafcillin: 1-2 g ev-
ery 4-6 h1V; Cefazolin: 1 g
every 8 h1V; Penicillin: VK
250-500 mg every 6 h by
mouth; Cephalexin 500 mg
every 6 h by mouth

100-150 mg/kg/d in 4 divid-
ed doses

50 mg/kg/d in 3 divided
doses

25-40 mg/kg/d in 3 divided
doses 1V or 25-30 mg/kg/d
in 3 divided doses by mouth

25-50 mg/kg/d in 4 divided
doses by mouth

25-50 mg/kg/d 4 divided
doses by mouth

Not recommended for age
<8y

8-12 mg/kg (based on
trimethoprim component) in
either 4 divided doses |V or
2 divided doses by mouth

40 mg/kg/d in 4 divided
doses IV

10 mg/kg every 12 h IV or
by mouthfor children<12y

25-40 mg/kg/d in 3 divided
doses 1V or 30-40 mg/kg/d
in 3 divided doses by mouth

N/AS
N/A

Not recommended for age
<8y

8-12 mg/kg/d (based on
trimethoprim component) in
either 4 divided doses |V or
2 divided doses by mouth

Penicillin: 60,000-100,000
units/kg/dose every 6 h; 10-
13 mg/kg doseevery 8h1V;
50 mg/kg/dose every 6 h; 33
mg/kg/dose every 8 h IV

Inactive against MRSA®

For penicillin-allergic patients, except those with
immediate hypersensitivity reactions, more
convenient than nafcillin with less bone marrow
suppression

Bacteriostatic; potential of cross-resistance and
emergence of resistance in erythromycin-resis-
tant strains; inducible resistance in MRSA

Oral agent of choice for methicillin-susceptible
strains in adults; rarely used in pediatrics

For penicillin-allergic patients except those with
immediate hypersensitivity reactions; the avail-
ability of a suspension and requirement for less
frequent dosing

Bacteriostatic; limited recent clinical experience

Bactericidal; efficacy poorly documented

For penicillin-allergic patients; parenteral drug
of choice for treatment of infections caused by
MRSA

Bacteriostatic; limited clinical experience; no
cross-resistance with other antibiotic classes;
costly

Bacteriostatic; potential of cross-resistance and
emergence of resistance in erythromycin-resis-
tant strains; inducible resistancein MRSA; im-
portant option for pediatrics

Bactericidal; possible myopathy
Bactericidal

Bacteriostatic; limited recent clinical experience

Bactericidal; limited published efficacy data

N/A

8Recommendation according to the | nfectious Diseases Society of America Doses|listed are not appropriate for neonates. Infection dueto Staphylococcus
and Streptococcus species. Duration of therapy is 7 days depending on the clinical response.

M SSA: methicilli n-susceptible Saphyl ococcus aureus.
CSSTI: skin and soft tissue infection.
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4V intravenous.
EMRSA: methicillin-resistant Saphylococcus aureus.
'N/A: not applicable.

Table 2. Treatment comparison with respective results, risk ratio, and Cl a

Comparison M easurement Results RRP (95% ClI) Studies,n  Patients, n
Macrolides/streptogramins vs Symptoms rated by participant Macrolides/streptograminswere  0.84 (0.73-0.97) 25 2488
penicillin antibiotics or medical practitioner superior

Oral macrolide vs 1VC penicillin - Symptoms rated by participant - Oral therapy was superior 0.85(0.73-098) 3 419

or medical practitioner

Penicillin vs cephalosporin Symptoms rated by participant No differencein treatment effect 0.99 (0.68-1.43) 3 88
or medical practitioner

Cephalosporin vscephaosporind - Symptoms rated by participant - No differencein treatment effect  1.00 (0.94-1.06) 6 538
or medical practitioner

3Primary outcomes included symptoms rated by participant or medical practitioner (eg, duration and intensity of fever, pain, redness of the affected
area, swelling of the skin surface and subcutaneous tissue, blister formation), proportion symptom - free (cure), and at a time specified by the study
authors), the proportion with severe complications (eg, severe sepsis, multi-organ failure, or death), and quality of life scores (ie, generic and disease-specific
items and return to normal activity).

PRR: relative risk.

CIV: intravenous.

dAggregate data from studies evaluating the following cephal osporins: ceftriaxone, cefdinir, cefonicid, cefditoren, cefadroxil, and cefuroxime.

The review reported insufficient data to determine the ideal  controlled trials evaluating this parameter. Future research
duration of therapy. International recommendationsfor treatment  should addressthislimitation to maximize patient benefit while
duration in SSTIs are inconsistent (5-14 days) [2]—however, reducing the effects of prolonged exposure.

this is largely based on expert opinion, with few randomized
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Mycosis fungoides (MF) is a chronic malignant condition
characterized by a proliferation of clonal T helper cellsin the
skin. MF remains difficult to treat despite being the most
common cutaneous T cell lymphoma. The disease is often
refractory, with existing treatments providing only a short
duration of clinical response [1]. A 2020 Cochrane review,
“Interventions for mycosis fungoides” provides a
comprehensive review of evidence from 20 randomized clinical
trials of local and systemic interventionsfor Alibert-Bazin-type
MF (N=1369) [2]. Interventions evaluated in this review
included topicals, intralesional therapies, phototherapy, total
skin electron beam irradiation, radiotherapy, chemotherapy,
extracorporeal photochemotherapy (ECP), biologics, and
combination therapies.

The authors aimed to assess the efficacy and safety of
interventions for MF using two primary outcome measures.
health-related quality of life (HRQoL ) and adverse events (AES).
Secondary outcomes included complete response (CR) and
objective response rate (ORR). A CR was defined as the
compl ete disappearance of al clinical evidence of disease. The
ORR was defined as the proportion of patients with a CR or
partial response, meaning the regression of measurable disease
of at least 50% in the T, N, M, and B categories. Key outcomes

https://derma.,jmir.org/2022/3/e34448

arereported in Table 1. HRQoL wasonly reported in two studies
that could not be analyzed together as it was divided by
responder versus nonresponder rather than by treatment group.
Common AEs ranged from mild symptoms to severe events.
Overdl, the evidence indicated that the more aggressive
therapies (systemic chemotherapy and combination therapies)
resulted in more severe AES. From all therapies, the CR ranged
from 0% to 83% (median 31%), and the ORR ranged from 0%
to 88% (median 47%).

Dataanalysisof thefivetrialsassessing the use of psoralen plus
UV-A (PUVA) contributed to the key findings of this review,
as it isfirst-line therapy for early-stage MF and is often used
as adjunctive treatment in advanced stages. The authors found
no evidenceto support the addition of bexaroteneor intralesional
interferon-a (IFN-a) to PUVA when compared to PUVA alone.
Separately, they noted that PUVA combined with IFN-a may
lead to a higher CR when compared to IFN-a combined with
acitretin. The authors did not find evidence to refute the
recommendation of PUVA as afirst-line treatment. There was
insufficient evidence for adjunctive or alternative therapies such
as acitretin or ECP to treat MF.
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Using GRADE (Grading of Recommendations, Assessment,
Development and Eval uations) criteria, the authors report alack

Kohn Kucharik et d

quality, heterogenousin design, or had insufficient sample sizes.
Reported outcomes varied across studies, prohibiting conclusive

assessments of the safety, efficacy, and HRQoL impact of these
interventions.

of high-certainty evidence to guide MF treatment. Many trials
included in the review were either inadequate in methodol ogical

Table 1. Summary of key primary and secondary outcomes.

Quality of evidence

RCTSP  Patients,n  Comparison Anticipated absolute effects (95% CI)° Relative effect (95% CI) (GRADEY approach)
1 122 PUVA®VsIEN-a' + HRQOLQZ NIV . HRQoL: NM o (1) Low
PovA ) AESi: NM : éFEQS.RI\IL'YIl 07 (0.87-1.31
*  CRJ: 731 per 1000 vs 783 per 1000 (636- Q 07(087-1.31)
%8) . ORR:NM
* ORR"™ NM
2 16 PUVA vsECP™  + HRQoL:NM . HRQoL:NM . (1) Veylow
*  AEs Mild nauseaafter PUVA (n=NR"), * AES NM « (9Vverylow
hypotension in ECP group (n=1) + CR'RR0.20(0.01-361)
«  CR: 250 per 1000 vs 50 per 1000 (3-903) ©)
«  ORR: 750 per 1000vs53 per 1000 (0- * ORR'RR0.08(0.01-1.17)
750) 2
3 93 PUVA vs PUVA + o HRQoL: NM . HRQoL: NM . (2) Low
bexarotene « AEs NM « AEs photosensitivity RR «  (2) Low
«  CR: 222 per 1000 vs 313 per 1000 (158- 2.68 (0.11-64.04) (1) . (3Low
622) « CR:RR 141 (0.71-2.80)
«  ORR: 489 per 1000 vs 460 per 1000 (298- @
704) . ORR:RR0.94(0.61-1.44)
(€)
4 82 IFN-a + PUVA vs &« HRQoL: NM . HRQoL: NM e (1) Low
IFN-a + acitretin « AEs flu-like symptoms 525 per 1000vs « AEs RR1.32(0.92-1.88) « (2)Low
693 per 1000 (483-987) )
o CR: 700 per 1000 vs 378 per 1000 (245- « CR: RR0.54(0.35-0.84)
588) )
o ORR: NM . ORR: NM
5 27 No maintenancevs . HRQoL: NM . HRQoL: NM . NR
PUVA maintenance «  aAps NEC + AEsNE
. CRNE - CRNE
o ORR: NM . ORR: NM

8RCT: randomized controlled trial.
bThe studies were ordered by summary findings numbers assigned in the original Cochrane review [2].

“The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention
(and its 95% ClI).

4GRADE: Grading of Recommendations, Assessment, Development and Eval uations.
€PUVA: psoralen plus UV-A.

fIFN-a: interferon-a.

9HRQoL : health-related quality of life.
ANM: not measured.

IAE: adverse event.

Icr: complete response.

KORR: objective response rate.

'RR: risk ratio.

MECP: extracorporeal photochemotherapy.
"NR: not reported.

ONE: not estimable based on reported data.

Although MF, particularly early stage, generally portends a
favorable prognosis, arecent cause of death analysis combining

all stages of the disease reveal ed that patientswith MF are most
likely to die of the disease [3]. The incidence of MF has been
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increasing over the past 50 years without concurrent for melanomaand squamous cell carcinoma become aconcern
improvement in evidence-based treatment options [3]. In line  [4]. Thus, future efforts should be directed toward high-quality
with most MF treatment guidelines, thisreview supportsPUVA  studies with patient-reported outcomes, safety, and efficacy of
as a major intervention used in MF—a therapy that may be alternative MF interventions [5].

limited by a maximum lifetime dose after which increased risk
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Abstract

Background: Thelack of dark skin imagesin pathologic skin lesions in dermatology resources hinders the accurate diagnosis
of skin lesions in people of color. Artificial intelligence applications have further disadvantaged people of color because those
applications are mainly trained with light skin color images.

Objective: The aim of this study isto develop a deep |earning approach that generates realistic images of darker skin colorsto
improve dermatol ogy data diversity for various malignant and benign lesions.

Methods: We collected skin clinical imagesfor common malignant and benign skin conditionsfrom DermNet NZ, the I nternational
Skin Imaging Collaboration, and Dermatology Atlas. Two deep learning methods, style transfer (ST) and deep blending (DB),
were utilized to generate images with darker skin colors using the lighter skin images. The generated images were evaluated
quantitively and qualitatively. Furthermore, a convolutional neural network (CNN) was trained using the generated images to
assess the latter’s effect on skin lesion classification accuracy.

Results: Image quality assessment showed that the ST method outperformed DB, asthe former achieved alower loss of realism
score of 0.23 (95% CI 0.19-0.27) compared to 0.63 (95% Cl 0.59-0.67) for the DB method. In addition, ST achieved a higher
disease presentation with asimilarity score of 0.44 (95% Cl 0.40-0.49) compared to 0.17 (95% CI 0.14-0.21) for the DB method.
The qualitative assessment completed on masked participantsindicated that ST-generated images exhibited high realism, whereby
62.2% (1511/2430) of the votes for the generated images were classified as real. Eight dermatologists correctly diagnosed the
lesions in the generated images with an average rate of 0.75 (360 correct diagnoses out of 480) for several malignant and benign
lesions. Finaly, the classification accuracy and the area under the curve (AUC) of the model when considering the generated
images were 0.76 (95% Cl 0.72-0.79) and 0.72 (95% CI 0.67-0.77), respectively, compared to the accuracy of 0.56 (95% ClI
0.52-0.60) and AUC of 0.63 (95% CI 0.58-0.68) for the model without considering the generated images.

Conclusions: Deep learning approaches can generate realistic skin lesion images that improve the skin color diversity of
dermatology atlases. The diversified image bank, utilized herein to train a CNN, demonstrates the potential of developing
generalizable artificial intelligence skin cancer diagnosis applications.

International Registered Report Identifier (IRRID): RR2-10.2196/34896

(JMIR Dermatol 2022;5(3):€39143) doi:10.2196/39143
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Introduction

The"whitelens’ phenomenon hasled to the underrepresentation
of dark skin pathology imagesin dermatology resources[1]. A
recent analysis of several dermatology textbooks utilized to
educate dermatol ogi sts showed that dark skin images represent
merely 4% to 18% of the total number of images[2]. Asaresullt,
it is challenging for dermatologists to properly diagnose and
treat skin pathology in people of color.

Applications utilizing artificial intelligence (Al) have been
developing at arapid paceto aid cliniciansin making diagnoses
[3,4]. Deep learning (DL), a branch of Al, has been widely
employed to develop models as accurate as specialist
dermatologists in diagnosing skin cancer [5-8] and common
skin conditions [9-12]. However, a major drawback facing the
mainstream adoption of DL applicationsin dermatology isthe
paucity of training data diversity leading to nonrobust models
[13,14].

Han et a [15] developed a DL model to diagnose malignant
and benign skin lesions using clinical images. According to
their results, the performance of the model was highly dependent
on the diversity of the training data. Thus, DL models trained
on datawith a certain skin color range could not be generalized
when tested on data collected from a different population [16].
Rahman et a [17] utilized International Skin Imaging
Collaboration (ISIC) images to train and test 5 DL models to
diagnose various malignant and benign skin lesions [18]. The
models achieved a recall of 88%, 89%, 91%, 88%, and 84%,
respectively, and the performance was further boosted by
developing an ensemble of the implemented models that
achieved a recall of 94%. 1SIC images were aso utilized to
develop a DL framework, DermoExpert [19], to classify up to
7 malignant and benign skin lesions. The framework wastrained
and tested on ISIC-2016, 1SIC-2017, and |1SIC-2018 images
and achieved an AUC of 0.96, 0.95, and 0.97 for the 3 data sets,
respectively.

Although ISIC provides alarge publicly available skin images
archive, the images were mainly collected from the United
States, Europe, and Australia [13], where light skin colors are
dominant. Thiswas also confirmed by Kinyanjui et a [20], who
studied the skin tone distribution of 1SIC images and showed
that the skin tone of theimages primarily ranged from very light
to intermediate. Thus, the aforementioned models trained and
tested on 1SIC images are not expected to be generalizable to
darker skin colors.

Motivated by this necessity, we proposed an algorithm
development and validation protocol to perform skin cancer
early detection for all skin colors [21]. In the protocol, we
considered clinical imagesto develop the model becauseclinical
images are easy to obtain, unlike dermoscopic images that
require a specialist and microscopy. In this paper, we discuss
the development and initia internal validation of skin image
generation for underrepresented skin colorsin publicly available
data sets (Phases 2 and 3 of the protocol). This paper aims to
(1) generate realistic images with malignant and benign skin
lesions using 2 deep learning methods, (2) extensively evaluate
the generated images using quantitative ratings as well as
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qualitative human expert and nonexpert ratings, and (3) develop
a preliminary classifier, trained with the generated images, to
categorize the images as malignant or benign and to study the
generated images' effect on the classification accuracy.

The remaining article is organized as follows: the methods
section explainsthe material s and techniques utilized to generate
and evaluate the images. The subsequent section shows the
experimental results of all components involved in this work,
and the final section highlights our work limitations, discusses
the proposed work in comparison with other existing studies,
and concludes our work.

Methods

Background

In thiswork, we implement 2 phases of our ongoing study that
aimsat leveraging deep learning to improve skin color diversity
and thus malignancy detection in any skin color using clinical
images. Thefirst phase of our study [21] focused on quantifying
the underrepresentation of darker skin colors in dermatology
atlases by devel oping a skin tone categorization tool. The second
and third phases of the study, implemented herein, am to
generate images with darker skin color, extensively assess the
generated images using severa evaluation metrics, and study
theimpact of the generated images on malignancy detection by
developing a classification model trained on the generated
images. Finally, the fourth phase, expected to be completed by
the end of 2022, will focus on developing an accurate
malignancy detection classification model. This model will
compile the generated images with text descriptions of skin
cancer clinical presentationsin darker skin colorsand use novel
deep learning architectures and ensemble learning approaches
to improve classification accuracy. In this section, we explain
the characteristics of the utilized data, the image generation
methods, and the evaluation techniques employed to achieve
the objectives of Phases 2 and 3.

Study Data Set

We collected 1701 clinical images representing severa
malignant and benign skin lesions from the publicly available
skin image repositories DermNet NZ (994 images) [22],
ISIC-2018 JID editorial images (100 images) [17], and
Dermatology Atlas (607 images) [23]. Images from DermNet
NZ and ISIC (1094 images), referred to as set A, were utilized
for generating images, training, and validating the classifier.
Meanwhile, Dermatology Atlas images (607 images), referred
to as set B, were utilized to test the classifier. The distribution
of the data as malignant and benign islisted in Table 1.

The skin tone diversity of the study data sets was investigated
using our skin tone categorization tool [21]. The results,
summarized in Table 2, showed that the majority (84.1%,
n=920) of set A images were categorized as light and
intermediate skin tones, while set B was more diverse and had
varying skin tone distributions. Based on this, set B will
facilitate our evaluation of the generalizability of the
classification model developed using the generated images, as
it has variant skin tone distribution compared to the training
data
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Table 1. Study data sets for malignant and benign class distribution [21]. Set A (n=1094): training and validation set; set B (n=607): testing set.
Tumor type Set A, n (%) Set B, n (%)
Malignant 634 (58) 508 (83.7)
Benign 460 (42) 99 (16.3)

Table 2. Skin tone distribution of the study data sets. Set A (n=1094): training and validation set; set B (n=607): testing set.

Skin tone Set A, n (%) Set B, n (%)
Light 690 (63.1) 133(21.9)
Intermediate 230 (21.0) 198 (32.6)
Tan 110 (10.2) 131 (21.6)
Brown 62 (5.7) 134 (22.1)
Black 2(0.18) 11 (1.8)

Image Generation

Style Transfer

Style transfer (ST) [24] is an image generation technique
developed based on the visual geometry group (VGG)-19
network architecture and trained on the ImageNet database with
millions of images [25]. ST utilizes 16 convolutional layers
(Conv), 5 average pooling, and no fully connected layers of the
VGG-19 architecture, as illustrated in Figure 1A. The ST
method, as demonstrated in Figure 1B, primarily works by
extracting features from content and style images denoted as
Fc and Fg. Then, it iteratively blends the features to generate a

new image with content and style features (GF¢, GFg). The
content and style losses are calcul ated asthe difference between
theoriginal (Fc, GF¢) and the generated features (Fg, GFg). The

total loss is backpropagated to the VGG network to improve
the quality of the generated image.

Since convolutional neural networks (CNNSs) trained with an
adequate number of annotated data on object recognition can
extract high-level features from images independent of their
content [26], the ST method can be generalized for feature
extraction from skinlesionimages. Therefore, ST can be utilized
to generate darker skin images without retraining the VGG
network. ST was utilized in thiswork by extracting the features
of alight skin image containing the skin pathology and a style
image with the target skin color. A new image containing an
optimized blend of both feature setswas subsequently generated,
starting from a noise image and iteratively improving by
minimizing the total loss, as illustrated in Figure 1B. The
fine-tuning details of the ST method are discussed in Multimedia
Appendix 1.

Figurel. Styletransfer (ST) in skinimages. (A) VGG architecture. (B) Process of ST.
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Deep Blending

Deep blending (DB) isan integration of ST and Poisson image
blending methods [27], wherein the object of interest from a
content imageistransferred to the styleimage while minimizing
the sharp intensity and texture change between the content and
style images [28]. Asin ST, DB utilizes the VGG network to
extract the features of the input images and iteratively updates
the output image using the calculated loss functions. However,
DB worksonly on the object of interest from the content image
and thus requires a segmented object. Moreover, DB essentially
works on the blending region where the content object meets
the style image. Therefore, DB utilizes 3 loss functions: (1)
Poisson-based gradient loss to minimize the change of the
blending region gradient, (2) content lossto ensure the semantic
of the blending region is similar to the content object, and (3)
style loss to ensure the texture of the blending region is similar
to the styleimage. Finally, DB performs 2 rounds of blending;
the first round employs the content object and the style image,
and the second employs the output blended image of the first

Figure 2. Skin tone classification. ITA: individual typology angle.
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round and the style image. The fine-tuning details of the DB
method are discussed in Multimedia Appendix 1.

Target Skin Color Selection

The target skin color is the style needed to synthesize images
in ST and DB methods. To generate images for the
underrepresented skin colors in set A, tan, brown, and black
skin colors were selected. The selection of the target style
images was determined using the individual typology angle
(ITA) caculated from the input transformed images [29].
Consequently, the angle was mapped to a skin class according
to predefined I TA ranges[30]. Thel TA calculation and mapping
are explained in Multimedia Appendix 2.

Figure 2 shows the selected skin images, to be utilized as style
images, with the I TA score and skin classification. Thetan skin
image was obtained from Dermatology Atlas [23], while the
brown and dark skin images were obtained from ShutterStock
[31] through a standard license.

Brown Black

ITA

Evaluation

Quantitative Evaluation

The quantitative evaluation was performed using the blind
referenceless image spatial quality evaluator (BRISQUE) and
the structural similarity index measure (SSIM) to assessrealism
and disease presentation, respectively. BRISQUE is a
referencel ess metric that quantifiestheloss of imagerealismin
the presence of distortions solely using theimage being assessed
[32]. This method assigns a quality score to each image that
correlates well with human quality judgment [32]. The
BRISQUE evaluation method is based on 2 main concepts: (1)
real images maintain regular statistical properties, and (2)
normalized brightness coefficients of areal image approximately
follow a Gaussian distribution. As such, image distortion can
be captured by achangein the expected statistical propertiesor
deviation from a Gaussian distribution (such as the generalized
Gaussian distribution [33] and the asymmetric generalized
Gaussian distribution [34], asexplained in Multimedia Appendix
3).

The second metric, SSIM, compares the structure, texture, and
edges of areferenceimage with amodified image and provides
a similarity score [35]. SSIM was previously used to evaluate
the quality of the generated skin lesion images [36]; therefore,
SSIM isemployed in this study to evaluate the similarity of the
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generated images with the content image including the disease
to measure disease presentation. The SSIM calculation is
explained in Multimedia Appendix 3.

Qualitative Evaluation

For the qualitative assessment, 62 individuals with varying
backgrounds participated in evaluating the generated images.
Of the 62 participating individuals, 41 (66.1%) had no medical
background and 21 (33.9%) were medical personnel that
included 10 (47.6%) attending physicians, 2 (9.5%) physicians
intraining, 1 (4.8%) nurse, and 8 (38.1%) dermatologists. The
first task was a human visual Turing test (VTT), wherein
participants (with and without a medical background) were
asked to classify theimages asreal or generated. The responses
of the VTT were analyzed to (1) determine the significance of
background (medica versus nonmedical personnel) and
experiencein discovering the generated images and (2) estimate
the quality of the generated images by calculating the
classification accuracy, false positive rate (FPR), defined asthe
ratio of generated images classified as real, and true positive
rate (TPR), defined astheratio of real images classified asreal.

The second task was a disease identification test carried out
solely by dermatologists with varying experience levels. The
responses to thistest were analyzed to measure the recall (ratio
of correctly diagnosed images by dermatologists) of the real
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and generated images. The 95% Cl was calculated using the
Clopper-Pearson method [37] to estimate the uncertainty of the
reported results.

Preliminary Classification Evaluation

To study the effect of the generated images on skin color
diversity, the generated images were used to augment the
original images of set A to train a CNN and classify the image
as malignant or benign. The 1094 images of set A were
randomly split, with 80% (n=875) used for training the network
and 20% (n=219) used for validation. The CNN training
followed 4 data utilization approaches, asillustrated in Figure
3: (&) use the images directly for training without performing
any augmentation; (b) augment the images with their
corresponding generated tan, brown, and black images; (c)
augment the images through geometric transformations, such
as flipping, rotating, and adding noise [38]; and (d) augment
the images with the generated and transformed images. All
models were validated on the same validation set (219 images)

Rezk et al

and evaluated using separate test data, set B, which included
607 real imageswith diverse skin tonedistribution, asillustrated
in Table 2.

ResNet-50 [39] pretrained on ImageNet images was utilized in
our work dueto its applicability to dermatology diagnostic tasks
[40,41]. The ResNet-50 architecture consists of the 5 stages
shown in Figure 4A. For skin lesion classification, we
customized ResNet-50 by adding an average pooling layer, a
fully connected layer, and SoftMax to classify the lesions as
malignant or benign, as shown in Figure 4B. Transfer learning
was applied when training the ResNet-50, wherein we froze the
first 4 blocks of the ResNet-50 to make use of the ImageNet’s
gained weights and trained the last block with the newly added
layers to gain new weights. The customized ResNet-50 was
trained for 30 epochs and optimized using an Adam optimizer
[42] with a learning rate of 0.001. The learning rate was
incrementally reduced when there was no improvement in the
validation accuracy for 5 consecutive epochsto alow the models
to learn more optimal weights [43].

Figure 3. Image classification process. CNN: convolutional neural network; Tr: training set; Ts: test set; VI: validation set.
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Ethics Approval

All images utilized in our work were collected from publicly
available deidentified data sets. Therefore, we do not require
ethics approval.

Results

Implementation Details

All the developed models were implemented on Google
Collaboratory Pro with a NVIDIA Tesla P100 GPU. We used
Keras [44] with Tensorflow [45] to develop and optimize the
models. The average time to generate a single image using the
ST method was 46 seconds and 9 minutes using the DB method
(performing 2 rounds of image optimization). The time for
training the classification models varied based on the data
utilization approach; the average training time was 14, 34, 34,
and 47 minutes for the no augmentation, generated image
augmentation, transformed image augmentation, and al images
augmentation, respectively (Figure 3).

Quantitative Evaluation

Based on the skin tone analysis of the study data set, the 920
images categorized as light (690) and intermediate (230) skin
colorswere utilized as content, and 2760 images were generated
using each method for the tan, brown, and dark style images.
Tables 3 and 4 report the average normalized BRISQUE and
average SSIM scores for each skin color using ST and DB
generation methods, respectively. As the BRISQUE measured

Rezk et al

the loss of realism in the generated images, lower BRISQUE
scores indicated higher realism. As the SSIM measured the
similarity between the generated images and the content images,
higher SSIM scores indicated a higher similarity to the image
including the disease.

It can be seen that the ST method outperformed the DB method
in terms of realism by achieving significantly lower average
BRISQUE scores in all skin tones (Table 3). The overall
BRISQUE score of the ST method was 0.23 (95% CI 0.19-0.27)
compared to the DB score of 0.63 (95% CI 0.59-0.67). Interms
of disease presentation, ST achieved higher average SSIM scores
in al skin tones (Table 4). The overall SSIM score of the ST
method was 0.44 (95% Cl 0.40-0.49) compared to 0.17 (0.95%
Cl 0.14-0.21) for the DB method. Across the different tones,
there was a consistent change in the BRISQUE metric for both
methods resulting from the quality variation of the utilized style
images. Similarly, the SSIM changed across skin colors,
decreasing for ST and DB for darker colorsdueto thedeviation
from the light skin color of the content images.

A visual qualitative comparison between the images generated
by the ST and DB methods with respect to the real images is
demonstrated in Figure 5. The ST-generated images showed
clear disease presentation while adding up the pigmentation on
the lesion region to match the darker skin color. However, the
DB-generated images included the disease region from the
content image and focused only on blending the border of the
disease with the styleimage. Therefore, the ST-generated images
looked more realistic compared to the DB-generated images.

Table 3. Average normalized blind referencelessimage spatial quality evaluator (BRISQUE) scores of the style transfer (ST) and deep blending (DB)

methods.
Method Tan Brown Black
sT@ 0.13 (95% CI 0.08-0.19) 0.35 (95% CI 0.27-0.42) 0.22 (95% CI 0.15-0.29)
DBP 0.55 (95% CI 0.47-0.63) 0.93 (95% CI 0.89-0.97) 0.42 (95% CI 0.34-0.49)

agT: style transfer.
bpB: deep blending.

Table 4. Average structural similarity index measure (SSIM) scores of the style transfer (ST) and deep blending (DB) methods.

Method Tan Brown Black
sT@ 0.51 (95% CI 0.43-0.59) 0.44 (95% CI 0.36-0.52) 0.37 (95% CI 0.30-0.45)
DBP 0.20 (95% CI 0.14-0.26) 0.17 (95% CI 0.11-0.23) 0.15 (95% CI 0.09-0.21)

a3T: style transfer.
PDB: deep blending.
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Figure5. Generated images using style transfer (ST) and deep blending (DB) compared to the real images.
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Qualitative Evaluation

For the human qualitative eval uation component, we conducted
2 assessments, aVTT to evaluate the realism of the generated
images and a disease identification assessment to evaluate
disease presentation. As the ST method showed superior
guantitative evaluation compared to DB, we conducted all
human evaluations on the ST images.

The human VTT was performed on 45 real and 45 generated
imagesto evaluaterealism. A total of 54 participants, including
41 (75.9%) without a medical background and 13 (24.1%)
medical personnel, including 10 (76.9%) attending physicians,
2(15.4%) physiciansintraining, and 1 (7.7%) nurse, were asked
to classify the images either as real or generated. First, we
analyzed the scores of each participant to study the significance
of the background and years of experience in identifying the
generated images correctly. The generated score (number of
generated images correctly identified) was set as the outcome,
and thereal score (number of real images correctly identified),
background (medical versus nonmedical personnel), and years
of experience (0: nonmedical personnel, 1: medical personnel
with 2 to 5 years of experience, 2: medical personnel with 6 to
10 years of experience, and 3: medical personnel with more
than 10 years of experience) were predictors.

Linear regression was utilized to investigate the significance of
the predictors on the outcome. First, the generated score was
modeled using the background only, which turned out to be
insignificant (P=.96). Consequently, the generated score was
modeled using the background and years of experience, which
also showed no significance (P=.65 and .61, respectively).
Finally, the real score was integrated as a predictor, and
background and experience were not shown be to significant
factors, (P=.45 and .65, respectively); however, the rea score
was significant (P<.001). The generated scorein relation to the
real score and the final fitted regression model isillustrated in
Figure 6.

Consequently, we calculated the classification accuracy, FPR,
and TPR to compare the generated images with the real ones.
As illustrated in Figure 7, for al participating individuals
regardless of background, the FPR was 0.62 (1511/2430 votes,
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95% CI 0.60-0.64), and the TPR was 0.60 (1449/2430 votes;
95% CI 0.58-0.62), indicating high realism of the generated
images. Moreover, there was no significant difference between
the FPR of medical personnel and nonmedical personnel, which
was 0.615 (95% Cl 0.58-0.65) versus 0.624 (95% Cl 0.60-0.65).
The overall accuracy was 0.49 (95% CI 0.47-0.50), indicating
that the participants had poor differentiation between generated
and real images.

The second human qualitative assessment aimed to eval uate the
accuracy of disease presentation in the generated images. We
included a total of 80 images. 20 real images and 60 ST
method—generated images (20 each for tan, brown, and black
skin colors). Thediseasesincluded are shown in Figure 8. Eight
expert dermatologists, masked to our study methodology and
image sources, participated in a survey comprising real and
generated images and chose a diagnosis most consistent with
the image presented. The average recall (rate of correctly
diagnosed lesions by dermatologists) of the real images was
0.76 (121 correct diagnoses out of 160) compared to 0.75 (360
correct diagnoses out of 480) for the generated images. Details
of therecall for each disease group, image type, and skin color
are demonstrated in Figure 8.

In Figure 8, the average recall of the generated images grouped
by skin color, tan (G-Tan), brown (G-Brown), and dark
(G-Dark), is represented by a red dot to compare to the red
images. As this figure shows, basal cell carcinoma had the
lowest average recall of the generated images compared to the
real recall. In basal cell carcinoma, the tan-generated images
had a recall of 0.81 compared to a real image recall of 0.69;
however, the brown and dark images had a significantly lower
recall of 0.44 and 0.38, respectively. Therefore, further analysis
was performed to gain a deeper insight into the disease
misdiagnosis.

The results of the recall experiment were summarized as
confusion matrices for the real, generated tan, brown, and dark
images, as shown in Figure 9A-D. Thediagonal of the confusion
matrix representsthe rates of correctly diagnosed diseases (true
positives), while all other numbers in the matrix represented
the misdiagnosis rates.
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It can be observed that basal cell carcinomain the brown and  In addition, halo nevus was misidentified as melanoma with a
dark skin images was mainly misdiagnosed as melanomawith  rate of 0.19. On the other hand, melanoma was best identified
amisidentification rate of 0.31 and 0.62, respectively. A closer  in the dark skin color with arate of 0.94. This high rate could
look at the confusion matrix of the dark generated images be explained by the misdiagnosis of several lesions as
(Figure 9D) reveals that intragpidermal carcinoma was also melanoma. Thus, any pigmented lesion on the dark skin was
misdiagnosed as melanomawith amisidentification rate of 0.25.  primarily misdiagnosed as melanoma.

Figure 6. Generated score versus the real score. Line represents the linear regression model with the standard error shaded.
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Figure 8. Recall of the utilized diseases, with error bars representing 95% Cl. AK: actinic keratosis; AN: atypical nevi; BCC: basal cell carcinoma;
IEC: intragpidermal carcinoma; HN: halo nevus; Hem: hemangioma; Mel: melanoma; SCC: squamous cell carcinoma; SK: seborrheic keratosis; VM:
vascular malformation.
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Figure 9. Confusion matrix of the real and generated images. (A) real images, (B) tan-generated images, (C) brown-generated images, and (D)
dark-generated images.
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Preliminary Classification Evaluation

A total of 4 models were developed: trained on set A images
without augmentation (model 1), trained on set A augmented
with the ST-generated images (model 2), trained on set A
augmented with geometric transformations (eg, flipping,
rotation, and noise) (model 3), and set A augmented with both
the generated and transformed images (model 4). To assessthe
models’ generalizahility, all weretested on set B, which entirely
consisted of real images and was characterized by a different
skin color distribution compared to thetraining set A (Table 2).

A comparison between the accuracy and AUC of the devel oped
modelsis shown in Table 5. It can be observed that model 1is
the least performing model because it has the least
discrimination ability characterized by the least AUC of 0.63.
On the other hand, model 2 is the best performing model with
an accuracy and AUC of 0.76 and 0.72, respectively, indicating
the significant impact of the skin color augmentation on the
model’s generalizability. With respect to model 3 (AUC 0.66),
a comparable performance to model 1 (AUC 0.63) can be
noticed, indicating that geometric transformations did not
significantly increase the model’s performance. Finally, model

Table 5. Performance of the classification models on set B.

Rezk et al

4 (AUC 0.69) showed improved performance compared to
model 3 (AUC 0.66) but decreased performance compared to
model 2 (AUC 0.72), emphasizing that combining several data
augmentations did not benefit the model.

It can be concluded that augmenting the data with diverse skin
color images allowed the model to learn skin tone—related
features; thus, model 2 was robust to the variations of the skin
color in the test set. On the other hand, the geometric
transformations did not provide the model with the variability
needed to handle the deviation in skin tone distribution present
in the test set. Therefore, when combined with the generated
images, a decrease in performance was noticed, highlighting
theimportance of selecting consistent image augmentations that
work to fill the gap between the training and testing data [38].

Finally, to evaluate the significance of the differenceinthe AUC
between the best performing model (model 2) and all other
models, the Delong test to compare 2 ROC curves [46] was
carried out. The difference in AUC between models 2 and 1
and between models 2 and 3 was significant (P<.001 and P=.03,
respectively), while there was no significant difference in the
AUC between models 2 and 4(P=.35).

Models Accuracy

AUC?

Model 1 0.56 (95% ClI 0.52-0.60)
Model 2 0.76 (95% Cl 0.72-0.79)
Model 3 0.56 (95% Cl 0.52-0.60)
Model 4 0.60 (95% Cl 0.56-0.64)

0.63 (95% Cl 0.58-0.68)
0.72 (95% Cl 0.67-0.77)
0.66 (95% Cl 0.62-0.71)
0.69 (95% Cl 0.65-0.74)

8AUC: area under the curve.

Discussion

Principal Results

In this work, we proposed a DL-based approach to generate
realistic skin images for underrepresented skin colors using
publicly available white skin clinical images. We utilized the
pathology of light skin images and healthy dark skinimagesto
extract and blend disease and pigmentation features. The
employed strategy of generating darker images based on feature
blending helped to overcome the lack of dark skin images, as
the utilized image generation techniques herein were trained to
extract high-level features from images independently from
their content [26]. In terms of evaluating the quality of the
generated images, comprehensive qualitative and quantitative
approaches were devel oped. Given that the qualitative analyses
can be affected by the paucity of darker skinimagesand because
human judgment (especially the disease diagnoses test) might
vary based on skin color, we performed statistical and
mathematical quantitative analyses to address this issue. The
results emphasized that ST-generated images had high realism
and disease presentation, characterized by alower loss of realism
and higher structural similarity scores for al skin colors
compared to those based on the DB method. Moreover, the
generated images achieved high FPR and disease recall when
compared to the real images. Findly, the generated images
contributed to improvement in the classification performance

https://derma.jmir.org/2022/3/€39143

when used to augment the training of ResNet-50 in comparison
to other augmentation strategies.

Limitations

Our work has several noteworthy limitations and areasfor future
improvement. Lesion pigmentation is not the only factor that
characterizes skin cancer in people of color; thus, other disease
morphological features need to be integrated into our models.
As such, in Phase 4, text features representing skin cancer
clinical presentation on darker skinwill be created based on the
published literature and consequently utilized along with the
augmented imagesto train the classification models. In addition,
the classification accuracy that has been investigated herein
needs to be improved; therefore, in Phase 4, severa CCN
architectures and ensemble learning methods will be
implemented to boost the classification accuracy. Moreover,
images with real pathology in people of color are required to
improve model training and validation. Finaly, it is worth
mentioning that other novel skin tone scal es have been recently
developed, such as Google’'s Monk scale [47]. Thus, our skin
tone categorization tool can benefit from investigating and
validating such new scales.

Comparison With Prior Work

Image generation using DL has been applied in the literatureto
improve data balance. The generative adversarial network
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(GAN) has been utilized to generate synthetic imagesfor severa
malignant and benign lesionsto overcome classimbalance [48].
Themodel wastrained on 10,000 dermoscopic imagesfrom the
ISIC-2018 data set, and the generated images were evaluated
for realism by humans. A total of 3 dermatologists and 5 DL
experts classified a random sample of the real and generated
images as real or fake. The analysis showed that the human
classification accuracy was around 50%, meaning that the raters
were not able to clearly distinguish between real and generated
images. However, generating images with various skin colors
was not considered in the aforementioned study.

GAN was also employed to generate dermoscopic images to
mitigate data imbalance. Three GAN models were trained on
2000 dermoscopic imagesfrom the |SIC-2017 data set [49]. To
evaluate the generated images, the authors compared the
normalized color histogram of the generated images with the
training images. Their results showed a high similarity in the
distribution of both real and generated images. Despitethe high
quality of the generated images, there was no focus on skin
color.

In another study [50], the authors utilized GAN to generate
clinical skin images for various skin conditions, in which the
required input features (eg, skin color and lesion location) were
manually encoded. Encoding of input features was required
during all model development phases (eg, training, validation,
and testing); thus, the developed model could not be deployed
without feature encoding. Although the images could be
generated with different skin colors using the encoding maps,
no images were generated with dark skin colors.

In terms of evaluation, the realism of the generated images in
the aforementioned study [50] was evaluated by conducting a
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VTT with 10 participants, and the generated images had an
average FPR of 0.3. Meanwhile, in our work, the VTT was
conducted with 54 participants and achieved a higher FPR of
0.62. Moreover, the disease recall evaluation was conducted
with 2 dermatologists and achieved an average recall of 0.45.
However, in our work, the disease recall was assessed with 8
dermatol ogists and achieved asignificantly higher averagerecall
of 0.75. Furthermore, we performed a misdiagnosis analysis,
and our findings strongly agreed with the published literature
on skin cancer misdiagnosisin people of color [51].

Conclusion

Despite the recent advances of Al in dermatology diagnosis,
the lack of skin color diversity when training Al models is a
major pitfall. Until a sufficient rea-world diverse image
repository is collected, augmenting real images with generated
darker skin images is the first step to implementing robust
diagnosis models. The generated images in this work achieved
high realism and disease recall scores when compared to the
real images. In addition, the generated images augmented the
publicly available white skin images, and aclassification model
was devel oped that outperformed the model trained without the
generated images. In our future work, which will comprise Phase
4 of this study, we will focus on overcoming our previously
mentioned limitations to boost the accuracy and robustness of
the preliminary classification model discussed herein. After
completing all study phases and addressing al discussed
limitations, the resulting model will be a tool to aid general
practitionersin diagnosing possible skin malignancy and thereby
improve the efficiency and reduce the redundancy of referrals
that expert dermatologists receive for further clinical
assessments and biopsies.
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Abstract

Background: Convolutional neural networks (CNNSs) are atype of artificial intelligence that shows promise as adiagnostic aid
for skin cancer. However, the majority aretrained using retrospective image data sets with varying image capture standardization.

Objective: Theaim of our study wasto use CNN modelswith the same architecture—trained on image sets acquired with either
the sameimage capture device and technique (standardized) or with varied devices and capture techniques (nonstandardi zed)—and
test variability in performance when classifying skin cancer images in different populations.

Methods: In all, 3 CNNs with the same architecture were trained. CNN nonstandardized (CNN-NS) was trained on 25,331
images taken from the International Skin Imaging Collaboration (1SIC) using different image capture devices. CNN standardized
(CNN-S) wastrained on 177,475 MoleMap images taken with the same capture device, and CNN standardized number 2 (CNN-S2)
wastrained on asubset of 25,331 standardized MoleMap images (matched for number and classes of trainingimagesto CNN-NS).
These 3 models were then tested on 3 external test sets: 569 Danish images, the publicly available 1 SIC 2020 data set consisting
of 33,126 images, and The University of Queensland (UQ) data set of 422 images. Primary outcome measures were sensitivity,
specificity, and area under the receiver operating characteristic curve (AUROC). Teledermatology assessments available for the
Danish data set were used to determine model performance compared to teledermatol ogists.

Results:  When tested on the 569 Danish images, CNN-S achieved an AUROC of 0.861 (95% CI 0.830-0.889) and CNN-S2
achieved an AUROC of 0.831 (95% CI 0.798-0.861; standardized models), with both outperforming CNN-NS (nonstandardized
model; P=.001 and P=.009, respectively), which achieved an AUROC of 0.759 (95% CI 0.722-0.794). When tested on 2 additional
data sets (ISIC 2020 and UQ), CNN-S (P<.001 and P<.001, respectively) and CNN-S2 (P=.08 and P=.35, respectively) still
outperformed CNN-NS. When the CNNs were matched to the mean sensitivity and specificity of the teledermatol ogists on the
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Danish data set, the models' resultant sensitivities and specificities were surpassed by the teledermatol ogists. However, when
compared to CNN-S, the differences were not statistically significant (sensitivity: P=.10; specificity: P=.053). Performance across
all CNN models as well as teledermatol ogists was influenced by image quality.

Conclusions: CNNs trained on standardized images had improved performance and, therefore, greater generalizability in skin
cancer classification when applied to unseen data sets. Thisfinding isan important consideration for future algorithm devel opment,

regulation, and approval.

(JMIR Dermatol 2022;5(3):€35150) doi:10.2196/35150

KEYWORDS

artificial intelligence; Al; convolutional neural network; CNN; teledermatology; standardized Image; nonstandardized image;

machine |learning; skin cancer; cancer

Introduction

Skin cancer (melanoma and keratinocyte cancer) is the most
common type of cancer in fair-skinned populations, with the
overall incidence and prevalence increasing worldwide [1]. In
an effort to improve current prevention and detection practices,
artificia intelligence (Al) has shown promise, at least in
experimental settings.

In recent years, advancesin machinelearning and deep learning
haveled to increasesin the research and expl oration of potential
applications in dermatology [2-6]. These advancements have
led to the production of systems that can diagnose skin
conditionsthrough image analysis. With the help of clinical and
dermoscopic imagesfor training, convolutional neural networks
(CNNs) have been able to compete and even outperform
experienced dermatologists when diagnosing and classifying
skin cancer [7-11].

Although these models perform well, they are often tested on
images that they have already seen or come from the same data
set in which the models were trained on, leading to an inflation
in their performance [12]. When tested on externally sourced
images, the performance of these models is reduced
significantly, highlighting the models' poor generalizability
[13].

Generalizability is an important factor that deserves careful
consideration when assessing dermatology  models.
Generalizability refers to how well a model can apply the
concepts it has learned from the available training data and
implement these same concepts to data it has not seen before.

The method for collecting dermatology image data sets can be
defined as nonstandardized and standardized. Nonstandardized
image collection refers to images taken using multiple image
capture devices and techniques. This method exposesthe model
to variation in image quality parameters, such as sharpness,
brightness, polarization, magnification, color, and distancefrom
lesion (for macroscopic images). Standardized image collection
refers to images taken with the same image capture device and
technique, resulting in a greater uniformity of images across a
data set. It is unknown the extent to which uniformity (or lack
thereof) of training images will affect the performance of the
resultant CNN model.

Dermatol ogy image data sets are generally not standardized and
often collected retrospectively and contain images collected

https://derma.jmir.org/2022/3/€35150

with a variety of techniques and technologies. Theoretically,
thisvariety increases the adaptability of the model and itsability
to handle noisy and poorer quality data, thus increasing
generalizability. However, with standardized image data sets,
there is an expectation for greater consistency in image quality
and, therefore, greater performance of the model. When
considering the eventual implementation of a CNN model in a
clinical setting, it is vital that the model’s performance is
impacted minimally by changesto the environment and patient
demographic and variation in the presentation of disease.
I dentifying the factors that affect generalizability will increase
the effectiveness of Al model implementation in practice. This
retrospective comparative study assessed the generalizability
of CNN models trained on standardized and nonstandardized
images.

Methods

Test Sets, Study Population, and I mage Selection

In this study, we compared the performance of CNNs trained
on standardized and nonstandardized images when classifying
skin cancer as malignant or benign on 3 separate external data
sets.

Ethics Approval

This retrospective comparative study was approved by the
Monash University Human Ethics Committee (Project ID
28130).

Architectureand Training of CNN Models

In all, 3 CNN models with the same architecture were trained
on International Skin Imaging Collaboration (1SIC) 2019[14-17]
and MoleMap (MoleMap NZ Limited) [2] data sets. Model
architecture used ImageNet pretrained ResNet-50 as abackbone
(Figure 1) combined with atransformer [18,19]. The ResNet-50
backbone was incorporated because of the trade-off between
accuracy and complexity. A transformer was also added to the
model to overcome the limitation of CNN in the context of
learning global images. The same 3 CNN models were then
additionally trained with a ResNet-18 backbone on either the
ISIC 2019 (CNN nonstandardized [CNN-NS]) or MoleMap
(CNN standardized [CNN-S] and CNN standardized number 2
[CNN-S2]) data sets.

CNN-NS was trained on 25,331 nonstandardized 1SIC
dermoscopic images consisting of 8 skin conditions (Table 1).
We define nonstandardized images as images that are taken
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using multiple image capture technologies (Figure 2). CNN-S
wastrained on 177,475 standardized, tel edermatol ogist-verified,
clinical, and dermoscopic MoleMap images. This data set
includes a total of 65 skin conditions organized into a 3-level
hierarchical semantic tree (Table 1). Thismodel wastrained on
standardized images taken using the same camera (DermL.ite

Oloruntoba et al

FOTO System). CNN-S2 was trained on 25,331 standardized,
teledermatol ogi st-verified, and dermoscopic MoleMap images
consisting of 8 skin conditions (Table 1). CNN-NSand CNN-S2
weretrained on the same number of images and skin conditions,
only differing in the standardization of the images the models
were trained on.

Figure 1. ResNet-50 backbone used by the CNN-NS, CNN-S and CNN-S2 models. CNN: convolutional neural network; Conv: convolutional layers;

NS: nonstandardized; S: standardized.

Input image
7x7, 64 Conv
3x3 Mtxpool
1x1, 6& Conv
3x3, 6& Conv
1x1, 25¢6 Conv
1x1, 1: Conv
3x3, 12t Conv
1x1, 5‘*2 Conv

. 1x.1, 2?6 (;on'v :
3x3, 2&*5 Conv
1x1, 10&4 Conv
1x1, 5g00nv
3x3, 51¢2 Conv
1x1, 20&8 Conv
Avera-g?poolmg

Softmax
Output

Table 1. Number of relevant skin diseases the CNN? models were trained on.

Skin disease CNN-NS®, n CNN-S° n CNN-s2% n
Melanoma 4522 11,796 4522
Benign naevus 12,875 66,891 12,875
Benign keratosis 2624 22,100 2624
Dermatofibroma 239 4440 239

Basal cell carcinoma 3323 22,292 3323
Actinic keratosis and intraepithelia carcinoma 867 40,440 867
Squamous cell carcinoma 628 7060 628
Vascular proliferations 253 2456 253

Total 25,331 177,475 25,331

8CNN: convolutional neural network.
BCNN-NS: CNN nonstandardized.
“CNN-S: CNN standardized.

dCNN-S2: CNN standardized number 2.
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Figure 2. Examples of standardized and nonstandardized images. Images A and B are nonstandardized images, taken using different image capture
devices. Images C and D are standardized images, taken using the same image capture device.

T

Assessment of CNN Performance

CNN performance was assessed using 3 separate test data sets
that were not used in model training.

Test Set 1

The Danish data set was provided by the Department of
Dermatology and Allergy Centre, Odense University Hospital
and collected between January 9 and October 31, 2018 [20].
Genera practitionersfrom 50 practices across southern Denmark
were trained for 1 hour with the image capture equipment
required to take images of lesions that are suspicious for
malignant melanoma and nonmelanoma skin cancer. A total of
600 images were collected from 519 Danish patients,
predominantly involving patients with Fitzpatrick skin types||
and 11, were used. The “ground truth” diagnosis was achieved

https://dermajmir.org/2022/3/e35150
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RenderX

by histopathol ogy, follow-up, or asingle face-to-face evaluation
(308 of the 600 lesions in the origina data set were only seen
onceface-to-face). Images containing clinical featuresthat could
not be identified were removed from the data set, leaving 569
images. Lesion classification can be seen in Table 2.

The 569 images were taken using an iPhone 6 smartphone
(Apple Inc) and a handyscope (FotoFinder Systems GmbH)
with an overview, a close-up, and a dermoscopic image being
taken of the lesions.

In total, 4 dermatol ogists were involved in the face-to-face and
teledermatol ogy evaluations of the 519 patients. The quality of
theimageswasrated as*“ poor,” “fair,” or “good” by 3 allocators.
Images were assigned to the different categories when there
was agreement between 2 or more alocators.
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Table 2. Skin disease breakdown of test sets 1, 2, and 3.

Oloruntoba et al

Classification, skin disease

Test set 1 (Danish dataset), n  Test set 2 (UQ? dataset), n

Test set 3 (1SICP 2020 data set), n

Malignant
Melanoma 20
Basal cell carcinoma 80
Squamous cell carcinoma 5
Actinic keratosis and intraepithelial 50
carcinoma
Other malignancy 3
Benign
Benign keratosis 115
Vascular proliferations 45
Other 95
Benign naevus 156
Total 569

21 584
72 N/AC
7 N/A
65 N/A
N/A N/A
64 179

1 N/A
22 27,170
170 5193
422 33,126

3JQ: The University of Queensland.
B1SIC: International Skin Imaging Collaboration.
°N/A: not applicable.

Test Set 2

The University of Queensland (UQ) data set contained 422
dermoscopicimages provided by The University of Queensland,
Diamantina Institute, Dermatology Research Centre and
captured using the EOS Rebel T6i camera (Canon) and ATBM
master automated mole-mapping system (FotoFinder Systems
GmbH) between 2016 and 2020, with all lesions diagnosed
through histopathology (Table 2).

Test Set 3

The I1SIC 2020 data set contained 33,126 dermoscopic images
provided by the 1SIC and collected from 3 continents between
1998 and 2020 [21]. The 33,126 images in the ISIC 2020 test
set contained 59 images that overlap with the 25,331 imagesin
the ISIC 2019 data set used for the training of CNN-NS.

All 3 test sets were imbalanced, with the Danish data set
containing 411 benign and 158 malignant images, the UQ data
set containing 257 benign and 165 malignant images, and the
I SIC 2020 data set containing 27,131 benign and 5995 malignant
images, which is reflective of the breakdown seenin aclinica
setting. As the classification is binary, the imbalance had no
effect on the study. Lesion classification can be seen in Table
2.

Statistical Analysis

Statistical analysis was performed using Python software
(version 3.8.13; Python Software Foundation) and Stata
statistical software (version SE 17; StataCorp). The primary
outcome measures were sensitivity, specificity, and area under
the receiver operating characteristic curve (AUROC) for the
binary classification of lesions.

https://derma.jmir.org/2022/3/€35150

For each input image, the CNNs provided a score between 0
and 1 representing the probability that the input image is
malignant. In binary classifications, thresholds are applied to
the CNN models to establish the point at which an input image
is labeled malignant. This threshold is variable and allows for
the manipulation of the sensitivity and specificity of the models.

The performance was assessed by aigning the sensitivity and
specificity of the CNN models to the teledermatologists' and
by calculating the AUROC. AUROC alows for the direct
comparison of different models regardliess of the threshold
applied. Delong nonparametric test was used to evaluate the
statistical difference between AUROC values resulting from
the same data set. Additionally, 95% CI for the AUROC was
computed using 2000 stratified bootstrap replicates. McNemar
test was used to compare the sensitivities and specificities of
the CNN models. The 1-sample, 2-tailed t test was used to
compare the mean sensitivities and specificities of the
teledermatol ogists against the sensitivities and specificities of
the CNN models. P values <.05 were considered to have
statistically significant differences.

Results

M odel Validation

During training, each model was internally validated on their
training images. The model trained on nonstandardized images
(CNN-NS) showed an AUROC of 0.950, whereas both models
trained on standardized images (CNN-S and CNN-S2) showed
an AUROC of 0.960 and 0.877, respectively (Figure 3).
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Figure 3. Receiver operating characteristic curves and AUROC for (A) the 3 CNN models during training and (B) the performances of the
teledermatol ogists and the 3 CNN model s on the Danish test set. The receiver operating characteristic curvesand AUROC of the CNN modelsinrelation
to the sensitivity and 1-specificity of the teledermatol ogists were tested on the 569 Danish test images. The tel edermatol ogists' performance was greater
than all of the CNN models. AUROC: area under the receiver operating characteristic curve; CNN: convolutional neural network; NS: nonstandardized;

S: standardized.
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CNN Performanceon Test Set 1

Each CNN model was tested on the externally sourced Danish
test set of 569 images. CNN-NS performance fell with an
AUROC of 0.759 (95% CI 0.714-0.802). CNN-S outperformed
CNN-NS when examined on the Danish test set, with an
AUROC of 0.861 (95% CI 0.828-0.894), showing significantly
greater generalizability than CNN-NS (P=.001; Figure 3).
CNN-S2, the standardized model trained on the same number
of images as CNN-NS, also outperformed the model, showing
an AUROC of 0.831 (95% CI 0.789-0.869; P=.009). Among
the standardized models, CNN-S had the greatest AUROC
(0.861 vs 0.831; P=.06).

https://derma.jmir.org/2022/3/€35150

RenderX

CNN Performanceon Test Set 2

When tested on the externally sourced UQ test set of 422
images, CNN-NS performed well with an AUROC of 0.850
(95% CI 0.812-0.887). CNN-S outperformed CNN-NS when
tested on the UQ image set, with an AUROC of 0.876 (95% Cl
0.842-0.911), again showing greater generalizability than
CNN-NS (P=.08; Figure 4). CNN-S2 also achieved a dightly
greater AUROC (0.864, 95% CI 0.828-0.900) compared to
CNN-NS, though this was not statistically significant (P=.35).
Among the standardized models, CNN-S had the greatest
AUROC (0.8765 vs 0.8638), though the difference was not
statistically significant (P=.23).
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Figure 4. Receiver operating characteristic curves and AUROC for the 3 CNN models on The University of Queensland test set. AUROC: area under
the receiver operating characteristic curve; CNN: convolutional neural network; NS: nonstandardized; S: standardized.
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outperformed CNN-NS when examined on the ISIC test set
CNN Performance on Test Set 3 (P<.001), with an AUROC of 0.828 (95% Cl 0.812-0.843),
When tested on the publicly available 1SIC 2020 test set of showing greater generalizability than CNN-NS (Figure 5).
33,126 images, the performance of CNN-NSwasreduced, with  CNN-S2 also significantly outperformed the CNN-NS (P<.001),
an AUROC of 0.763 (95% CI 0.743-0.783). CNN-Ssignificantly  with an AUROC of 0.815 (95% Cl 0.799-0.830).

Figure5. Receiver operating characteristic curves and AUROC for the 3 CNN models on the International Skin Imaging Collaboration 2020 test set.
AUROC: area under the receiver operating characteristic curve; CNN: convolutional neural network; NS: nonstandardized; S: standardized.

1.0 A
0.8 -
2
=
c
[}
0.4 1
0.2 - ,,/' —— CNN-NS (AUROC=0.763)
—— CNN-S (AUROC=0.828)
’ —— CNN-S2 (AUROC=0.815)
0-0 I I 1 1
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
https://dermajmir.org/2022/3/e35150 JMIR Dermatol 2022 | vol. 5 | iss. 3 [e35150 | p.125

(page number not for citation purposes)

XSL-FO

RenderX


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

JMIR DERMATOLOGY

Teledermatologist Versus CNN Performancein Test
Set 1

Teledermatologists (N=4) were split into 2 groups,
teledermatologists 1 and teledermatol ogists 2. To evaluate the
performance of the teledermatol ogists against the CNN models,
we used the mean sensitivity and specificity of the 2
teledermatol ogist groups as a standard. On the Danish images,
the teledermatologists achieved a mean sensitivity of 82.9%
(95% CI 80.8%-85.0%) and specificity of 79.2% (95% ClI
78.5%-79.9%).

The CNN models malignancy threshold score can be
manipulated, which can change the sensitivity and specificity
of the models. To compare the performance of the models to
each other, we first matched the sensitivity to that of the
teledermatol ogists (82.9%). CNN-S achieved a specificity of
72% (95% Cl 66.9%-75.9%), outperforming both CNN-S2
(62%, 95% CI 55.7%-65.3%; P=.02) and CNN-NS (45%, 95%

Oloruntoba et al

Cl 38.4-49.6; P=.001). Additionally, CNN-S2 revealed agreater
specificity than CNN-NS (P=.001). Next, we matched the
specificity of each model to that of the teledermatologists
(79.2%). CNN-S showed a sensitivity of 74.7% (95% CI
67.8%-81.8%), outperforming both CNN-S2 (71.5%; 95% ClI
63.8%-78.4%; P=.77) and CNN-NS (56.3%; 95% CI
48.2%-64.2%; P=.006). Additionally, CNN-S2 revealed a
greater sensitivity than CNN-NS (P=.003).

To compare models performance to that of the
teledermatol ogists, we compared the mean sensitivity (82.9%)
and specificity (79.2%) of the teledermatol ogiststo that of each
model. This comparison revealed that our highest performing
model (CNN-S) had a sensitivity (74.7% vs 82.9%; P=.10) and
specificity (72.0% vs 79.2%; P=.053) comparableto that of the
teledermatologists (Table 3). However, both CNN-S2 and
CNN-NS had significantly lower specificity and CNN-NS had
significantly lower sensitivity when compared to the
teledermatol ogists (Table 3).

Table 3. Sensitivity and specificity of the CNN? models when matched to the average performance of the teledermatologists.

Specificity when matched to sensitivity, P value

Sensitivity when matched to specificity, P value

% (95% Cl) % (95% Cl)
Teledermatol ogists (average) 79.2 (74.82-82.91) Reference 82.9 (76.1-88.4) Reference
CNN- 72 (67.4-76.3) 053 74.7 (67.2-81.3) 10
CNN-S2¢ 65.2 (60.4-69.8) .03 71.5(63.8-78.4) .07
CNN-Ng? 46.7 (41.8-51.7) .01 56.3 (48.2-64.2) .03

3CNN: convolutional neural network.
BCNN-S: CNN standardized.

CCNN-S2: CNN standardized number 2.
dCNN-NS; CNN nonstandardized.

Effect of Image Quality on the Perfor mance of
Teleder matologists

When taking the image quality of test set 1 into consideration,
the AUROCSs of CNN-NS, CNN-S, and CNN-S2 increased as
the quality of images improved (Figure 6). CNN-NS showed
an AUROC of 0.591 (95% CI 0.389-0.778), 0.757 (95% ClI
0.670-0.835), and 0.794 (95% CI 0.741-0.844) for images of

https://derma.jmir.org/2022/3/€35150

poor, fair, and good quality, respectively. CNN-S showed
AUROC:s of 0.742 (95% CI 0.602-0.864; poor quality), 0.847
(95% Cl 0.792-0.879; fair quality), and 0.886 (95% CI
0.817-0.909; good quality), and CNN-S2 showed AUROC:S of
0.735 (95% CI 0.578-0.873; poor quality), 0.795 (95% ClI
0.721-0.861; fair quality), and 0.864 (95% CI 0.820-0.909; good

quality).
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Figure6. Impact of image quality on the performance of the teledermatol ogists and AUROC of the CNN Models. The receiver operating characteristic
curves and the AUROC of the CNN models and average sensitivity and 1-specificity of the teledermatol ogists on the Danish test set were split into (A)
poor, (B) fair, and (C) good quality images. AUROC: area under the receiver operating characteristic curve; CNN: convolutional neural network; NS:

nonstandardized; S: standardized.
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Discussion

Principal Findings

Our results provide evidence that model strained on standardized
images outperform and, hence, achieve greater generalizability
than model strained on nonstandardized images. Inrecent years,
advances in machine learning have led to the development of
models that can compete and even outperform dermatologists
inthe classification of skin cancer [7-11]. Although these models
have been shown to perform well when tested on a subset of
images from their training data set, the generalizability of these
models to images taken in different clinical settings and with
different devicesis unknown.

The impact that the varying image acquisition devices and
techniques have on CNN model performance in dermatology
has not been exploredintheliteratureto date; however, thelack

https://derma.jmir.org/2022/3/€35150

RenderX

of imaging standardization in dermatology has been highlighted.
The collection, transfer, and storage of clinical and dermoscopic
images are not standardized in dermatology and have
implications on the creation of data sets for machine learning,
the reproducibility of imaging, and accessibility to relevant
metadata for the images [22,23].

The standardized models (CNN-S and CNN-S2) consistently
outperformed the nonstandardized model (CNN-NS) on all test
sets. The statistical significance was directly affected by the
number of images in the 3 test sets, with fewer images in test
set 2 resulting in a nonsignificant difference in performance.
Larger test sets will have a more accurate measure of model
performance, and thisfinding would need to be considered when
reporting validation results.

The ISIC holds an annual challenge that invites contestants to
create amodel that istrained and tested on images provided by
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the ISIC. In the Al community, the model that wins the ISIC
challenge often holds a reputation as one of the best available.
However, if tested on external data, the same performance is
not guaranteed. If models are both trained and tested on the
same set of images, then they are subjected to overfitting and
thus poorer generaizability. The quality of a model should
therefore bejudged on its performance on multiple external data
sets from varying population groups.

Several studieshavelooked at the performance of CNN models
compared to the performance of dermatol ogists. These models
perform comparably and even outperform dermatol ogists when
classifying skin cancers. However, it isimportant to note that
the images used in test sets are often taken from the same data
sets used in the training of the models [7-11]. It is important
when comparing models to dermatologists that the CNN is
externally validated. Thisvalidation providesaclearer indication
of the performance of the models in comparison to
dermatologists and their ability to generalize to external data
sets.

In our study, when tested on test set 1, the teledermatologists
outperformed al models. Interestingly, CNN-S was trained on
Australian and New Zealand patients and generalized well to
the Danish images. There was no statistical difference between
the sensitivity and specificity of the teledermatol ogists and the
matched sensitivity and specificity of CNN-S. It is important
to note that the Danish teledermatol ogists were predominantly
trained on Danish skin and had accessto metadata and multiple
image viewpoints for asingle lesion, which the models did not
have access to. Previous studies have shown that the addition
of metadataand inclusion of both macroscopic and dermoscopic
images of alesion can improve the performance of the model
[24,25]. Therefore, incorporating these features into future
models will be important and may level the playing field when
assessing performance against teledermatologists clinical
assessment.

The Danish images used in our study were taken by genera
practitionerswho were required to undertake training to usethe
image capture technology. However, there were some issues
with the quality of the images: some lesions were not centered,
several lesions may be present within asingleimage, and parts
of lesions were not included within the image frame. As the
image quality improved, the diagnostic performance of all
models and teledermatologists also increased. This finding
highlightstheinfluence that image capture techniques and image
quality can have on CNN models and teledermatologists
diagnostic ability. This finding is also a consideration when
designing model sfor integration into web-based tools or mobile
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appswith consumers asend users, asthe quality of imagestaken
by consumers on their smartphones will vary, especially in the
absence of training.

Limitations

Our study has severa limitations. First, the MoleMap data set
used to train our 2 standardized CNN models was labeled by
dermatologists, however, only very few images were biopsy
proven. Given that histopathology is the gold standard for
diagnosis, some of these images may have been mislabeled,
which could have an impact on the performance of the models.
Second, in test set 1 with 569 images, we only had access to
221 biopsy-proven images. The remaining 348 images in the
test set 1 were labeled by dermatol ogists, which allows for the
possibility of mislabeling. Third, the quality of the imagesin
thetraining data sets (1SIC and MoleMap) and the type of image
modality may have played a part in the performance of the
models rather than the standardization of the images. It is
important to consider that the quality of the cameraused in the
standardized MoleMap data set is less variable than the
nonstandardized 1SIC 2019 data set, which may have led to a
discrepancy in the performance. CNN-S was trained on a
combination of dermoscopic and macroscopic images, whereas
CNN-NS and CNN-S2 were trained only on dermoscopic
images. This combination of image modalities may have had
an influence on the strength of the CNN-S model. Additionally,
the models are complex, making it difficult to understand the
process behind their decision-making (ie, a black box). Thisis
an important limitation of the models and of this study and will
be addressed through the incorporation of explainable Al
techniquesin our future models. Finally, intest set 1, the number
of lesions in each group becomes small when divided into
images of poor, fair, and good quality. In future studies, it would
be better to evaluate a larger data set split among the quality
groups to more confidently assess the relationship between
image quality and CNN performance.

Conclusion

In thisstudy, CNN modelstrained on standardized images based
on dermoscopic and macroscopic modalities performed better
than a CNN model with the same architecture trained on
nonstandardized images when tested on external image data
sets. This finding has important implications for model
generalizability in the binary classification of skin cancer. In
test set 1, image quality also had a direct impact on the
performance of the models. For future algorithm training,
development, and registration, it is important that model
generalizability is considered through the evaluation of model
performance on external image data sets.
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Publication of patient images contributes to research and
education in dermatology. However, it is important to protect
patients privacy and rights. The Committee on Publication
Ethics (COPE) and the International Committee of Medical
Journal Editors (ICMJE) have provided best practices and
recommendations, respectively, for the protection of patients
rightsin scholarly publications[1,2]. Nonetheless, requirements
for the deidentification of patient images and for the acquisition
of consent to publish such imagesvary across governing bodies
and journals. Our objective was to describe leading dermatol ogy
journals’ instructions regarding deidentification and consent to
publish patient images as well as the content and readability of
consent forms.

This study was exempt from ingtitutional review board review
as data were publicly available. Themes regarding the
publication and deidentification of patient images, as well as
the acquisition of consent, were extracted from COPE and
ICMJE[1,2]. On June9, 2021, thetop 20 dermatology journals
were determined using Google Scholar, which ranks journals
based on the h5-index [3]. Guidelines, instructions for authors,
submission checklists, and consent forms on the journals
websites were reviewed for criteria embodied by the themes
extracted from COPE and ICMJE. Lega clauses in consent
formswere summarized. Available consent formswere prepared
and then assessed for readability using Microsoft Word
(Microsoft Corporation), which calculates the Flesch-Kincaid
Grade Level (FKGL) [4]. FKGL considers average sentence
length and the average number of syllables per word to provide
a corresponding US grade level rating [4].

https://derma.jmir.org/2022/3/e37398

A tota of 19 (95%) journals online instructions instructed
authors to obtain written consent or permission for the
publication of patient images (Table 1). The specific instances
inwhich consent was required varied and included recognizable,
identifying, identifiable, or possibly identifiableimages; images
that may, could be used to, could, or potentialy identify the
person; images in which the person could or can be identified,
including by the patient; only if the patient’sfaceis completely
identified; or any or all patient images, regardless of whether a
patient isor isnot identifiable. Somejournals provided specific
guidance on identifiable features, such asfacial features (n=5),
tattoos (n=1), and jewelry (n=1). A total of 11 consent forms
were identified from 10 journals (Table 2). All forms
emphasized that the individual in a published image may be
identified or that anonymity cannot be guaranteed. The average
FKGL was 15.3 (range 12.1-22.8).

Instructions regarding the deidentification of patient images
and acquisition of consent for publication differed across
dermatology journals and incorporated various elements from
COPE and ICMJE [1,2]. Most leading dermatology journals
instructed authors to obtain written consent or permission to
publish patient images. Thisisin contrast to a study that found
that approximately 52% of dental, oral surgery, and
otorhinolaryngology journals had a policy regarding clinical
images [5]. Although readability scores should be used with
caution, consent forms were difficult to read and were written,
on average, at acollege level based on an FKGL score of 15.3.
It has been recommended that materials for patients should be
written at the sixth-grade level or lower [6]. Consideration
should be given to enhancing consent form readability, which
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may improve patient understanding. Although we analyzed a
small subset of journals from a specific subspecialty, our
findings may raise awareness of the need to protect patients

right to confidentiality by implementing consistent policiesfor
the publication of clinical images.

Table 1. Instructions for authors regarding deidentification, publication, and consent for patient images.

Criteria Frequency among top 20 dermatology

journals® n (%)

Statement on requirement for consent or permission regarding patient images 19 (95)
Written or signed consent or permission required 18 (90)
Peatient or patient representative to be informed that published content may be available on theinternet 4 (20)
Patient or patient representative to be shown the manuscript that will be published 4(20)
Publication of identifying information only if it is essential for scientific or scholarly purposes 11 (55)
Black bars or masking of the eyes or face are inadequate or not recommended 9 (45)
Recommend eye bar, black bar, or masking to anonymize 1(5
Recommend cropping of images or cropping performed by journal for deidentification 4(20)

#Top 20 dermatology journals per Google Scholar h5-index, where h is the largest number of published articles with at least h citations for each article
[3] (listed in alphabetical order): Acta Dermato-Venereol ogica; American Journal of Clinical Dermatology; Anais Brasileiros de Dermatologia; British
Journal of Dermatology; Clinics in Dermatology; Contact Dermatitis; Dermatologic Clinics; Clinical, Cosmetic and Investigational Dermatology;
Dermatologic Surgery; Experimental Dermatology; Indian Journal of Dermatol ogy; I nter national Journal of Dermatol ogy; JAMA Dermatol ogy; Journal
of Dermatological Science; Journal of Dermatological Treatment; Journal of | nvestigative Dermatol ogy; Journal of the German Society of Dermatology;
Journal of the American Academy of Dermatol ogy; Journal of the European Academy of Dermatol ogy and Venereol ogy; and The Journal of Dermatol ogy.

Table 2. Characteristics of patient consent forms for the publication of images.

Criteria Freguency among consent forms?, n (%)

Patient or signer to be shown the manuscript that will be published, or patient or signer may waive this
opportunity

6 (55)

Patient or signer informed that published content may be available on the internet 7 (64)
Consents to publication of case information or photograph 11 (100)
Understands they may be identified or indicates that anonymity cannot be guaranteed 11 (100)
Name of patient or name of person signing 11 (100)
Name of person who explained the form, author, or doctor 10(91)
Contact information of person who explained the form, author, or doctor 2(18)
Indicates that signing does not remove the right to privacy 2(18)
Indicates that the patient or signer has the right to revoke consent, but after publication, revocation of 4 (36)
consent is not possible

Statement on financial benefit or lack thereof 2(18)
Release to Affiliates, Subsidiaries, Third Parties or Other Websites 9(82)
Release of Claims Clause 3(27)
Choice of Law Clause 2(18)
In Perpetuity Clause 2(18)
Defamation Clause 1(9)
Attorney’s Fees Clause 1(9)

3A total of 11 consent formswere provided online by thefollowing 10 dermatology journals (listed in al phabetical order): Acta Dermato-Venereol ogica;
American Journal of Clinical Dermatology; Anais Brasileiros de Dermatologia; British Journal of Dermatology; Clinical, Cosmetic and Investigational
Dermatology; Contact Dermatitis; Experimental Dermatology; JAMA Dermatol ogy; Journal of Dermatological Treatment; and Journal of the American
Academy of Dermatol ogy.
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Occupational hand dermatitis, the most common work-related
skin disease, is divided into irritant and alergic types [1].
Occupational irritant hand dermatitis (OIHD) is associated with
repetitive wet work, contact with detergents and other chemicals,
and prolonged glove wearing. OIHD frequently becomes
chronic, exerts a major impact on quality of life, and may
eventuatein disability or job loss/change. Assuch, its prevention
is paramount.

In this paper, we summarize findings from a 2018 Cochrane
systematic review and meta-analysis assessing the efficacy of
strategiesfor primary prevention of OIHD [2]. Inclusion criteria
specified randomized controlled trials (RCTs) of barrier creams,
moisturizers, gloves, or educational programs involving
employees without pre-existing OIHD working in high-risk
fields. Databases were searched without language restriction
through the end of January 2018. The primary outcomes were
incidence of new-onset OIHD and frequency of intervention
discontinuation owing to adverse effects.

https://derma.,jmir.org/2022/3/€37961

Intotal, 9 RCTswereincluded, all conducted in Europe except
for 1 from Singapore. The 2888 participants consisted of
metalworkers, factory and slaughterhouse workers, cleaners
and kitchen workers, hospital employees, and hairdressing
apprentices, who ranged in age from 16 to 67 years.
Interventions included barrier creams, moisturizers, barrier
creams combined with moisturizers, and educational programs,
no studies investigated protective gloves. The mean duration
of the intervention was 11.6 months. Meta-analysis revealed
that for al interventions, fewer participants developed OIHD
compared to controls (Table 1); however, the differences were
not statistically significant. The pooled analyses showed wide
Cls, and the studies may not have been adequately powered to
detect differences. None of the studies addressed the frequency
of discontinuation of theintervention relating to adverse effects,
however, recorded dropout reasons were unrelated to adverse
effects; therefore, these strategieslikely causefew or no serious
side effects.

JMIR Dermatol 2022 | vol. 5 | iss. 3 [e37961 | p.135
(page number not for citation purposes)


mailto:brandon.adler@med.usc.edu
http://dx.doi.org/10.2196/37961
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DERMATOLOGY

Abdel Azim et a

Table 1. Effects of interventions on development of occupational irritant hand dermatitis.

Intervention Studies,n  Follow-up  Participants,n  Proportion of participants  Rejativeeffect, RRP (95% Cl)  Quality of evidence®
(months) developing OIHD? (%)
Patients Controls
Barrier creams® 4 6-12 999 29 33 0.87 (0.72-1.06) Low
Moisturizers® 3 6-12 507 13 19 0.71 (0.46-1.09) Low
Barrier creams+ 2 12 (median) 474 8 13 0.68 (0.33-1.42) Low
moisturizers
Skin protection 3 12-36 1355 21 28 0.76 (0.54-1.08) Very low

education

30IHD: occupational irritant hand dermatitis.
bRR: risk ratio

CEvidence assessed using Grading of Recommendations, Assessment, Development and Evaluation Working Group criteria[3].
dExamplas of barrier creams used include Arretil, Ache Basis Creme, Excipial, Stoko Protect, and Travabon.

€Examples of moisturizers used include Estolan, Keri Lotion, and Locobase.

There are several potential limitations of this Cochrane review.
It included asmall number of trials, mainly conducted in Europe,
that used heterogeneous diagnostic criteria for OIHD.
Additionally, no studies were designed to exclude patientswith
endogenous/atopic or alergic hand eczema (through patch
testing). The ability to compare studies was limited due to
variations in follow-up time and the nature of included
occupations. Overall, the quality of the evidence wasjudged to
be low.

ThisCochranereview found that barrier creams and moisturizers
may reduce the risk of developing OIHD to some degree, but
there was insufficient evidence to support the effectiveness of

Conflictsof Interest

the evaluated workplaceinterventionsin the primary prevention
of OIHD. This does not imply that these interventions are not
effective; on the contrary, barrier creams, moisturizers, and
gloves continueto be broadly recommended as crucial measures
for occupational skin protection, particularly in the current era
of increased hand hygiene requirements during the SARS-CoV-2
(COVID-19) pandemic [4]. An important consideration is that
suboptimal real-world use of prevention strategies may fail to
demonstrate the efficacy observed in experimental settings[5].
To reach more certain conclusions, there remains a need for
large and pragmatic worldwide RCTs using uniform inclusion
and diagnostic criteria for OIHD conducted over extended
follow-up periods (6-12+ months).
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Acne vulgaris is a common skin condition that affects both
adolescents and adults worl dwide and frequently resultsin acne
scars [1]. Atrophic scars are the most common type of acne
scars and are caused by a loss of collagen that leads to
depressions in the skin surface [2]. Currently, many options
exist for acne scar treatment, including lasers, chemical peels,
dermabrasion, injectable fillers, needling, subcision, punch
excision, and punch elevation. However, providers and patients
have few guidelines on how to optimize treatment. Because of
the large disease burden and the physical, psychological, and
social impact of acne scarring, it is important to provide
guidelines for patients and providers on the safest and most
effective treatments for this complication.

A 2016 Cochrane study [3] provided a comprehensive review
of available treatments and their efficacy for treating facial
atrophic acne scars. This review anayzed 24 randomized
controlled trials (RCTs) and assessed two primary outcomes:
participant-reported scar improvement and serious adverse
events that caused withdrawal from the study. Secondary
outcomes such as investigator-assessed scar improvement,
patient satisfaction, quality of life, participant-reported or
investigator-assessed short-term adverse events, and duration
of postprocedure downtime were also measured.

Data from some of the included RCTs showed that fractional
laser, chemical peeling (with and without skin needling), and
injectable fillers were more effective than comparator
treatments. Many studies that compared other treatment
modalities to each other or to placebo concluded no significant
differencein either participant-reported or investigator-assessed
scar improvement. Tables 1 and 2 summarize the treatment
comparisons of the 24 included RCTs.

https://derma.jmir.org/2022/3/€37060

Thisreview [3] found moderate support for the use of injectable
fillers in acne scar treatment and limited support for lasers,
chemical peedling, radiofrequency, and skin needling. The
authors could not recommend one trestment modality over
another due to insufficient evidence supporting any particular
treatment. The included studies were generally underpowered
and had a high risk for bias due to lack of blinding and
participants’ expectations of treatment influencing improvement
ratings. Assessment of acne scar treatment efficacy poses
challenges secondary to differencesin study parameters across
studies, variable subjectiveimprovement rating scales, and lack
of long-term follow-up of scar improvement. Additional RCTs
with larger study populations, sham and/or placebo trials, and
standardized outcomes and improvement ratings are necessary
to determine the efficacy of treatment [3].

Results of clinical trials published subsequent to thisreview [3]
provide further insight. A double-blind, parallel, multicenter
RCT [4] compared the effects of polymethylmethacrylate
(PMMA) microspheres in collagen (ArteFill) injections to
placebo (saline injections) as atreatment for acne scarring and
reported treatment success in 64% of treated participants vs
33% of control participants after 6 months (P=.0005). Another
multicenter, randomized, prospective study [5] compared
combination microneedling with PMMA-collagen gel filler
injections vs microneedling alone, and found the combination
group had significantly improved acne scar scores at 24 weeks
post treatment compared to the microneedling-alone group
(P=.0136). These studies further support the efficacy of
injectable fillers for treating acne scars, though additional
research with long-term follow-up is warranted to assess the
durability of outcomes.
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Table 1. Comparison of interventions for acne scars.?

Caoetd

Quality of  Risk of

Comparison? Study details Scar improvement Adverse events evidence  bias

Nonfractiond nonabla-  Frequency-doubled 532-nm  Participant reported (PR): 53.6% None reported Not as- High risk

tive (NFNA) laser vs  Nd:YAG (neodymium:yttri-  improvement in acne scarring sessed of detec-

placebo/no treatment  um-aluminium-garnet) laser;  (range: 10%-90%); no data for tion bias
within-individual study untreated

Fractional laser (FL) CO, FL vs Q-Switched PR: 12/32 (FL) vs 3/32 (NFNA  Transient posttreatment burning Very low-  Unclear

vs NFNA laser 1064-nm Nd: YAG laser; laser) participantsreported >50%  sensation in the NFNA group; quaity evi- risk of de-
parallel-group study improvement in scars at 6 postinflammatory hyperpigmen- dence tection bias

months (risk ratio [RR] 4.00, tation (PIH) reported in 16/64
95% Cl 1.25-12.84) subjects

FL vs placebo/no 1540-nm Er:GlassFL; with- PR: 8/10 patientsreported im-  Immediate pain and transient Not as- High risk

treatment in-individual study proved acne scars after 12 weeks, erythema post treatment sessed of detec-

no data for untreated tion bias

FL vs placebo/no CO, FL; within-individual ~ PR: 12/12 subjectsreported mild  Mild to moderate pain, erythema, Not as- High risk

treatment study to moderate improvement in and wound formation sessed of detec-

scars after 6 months; no data for tion bias
untreated side

FL vsradiofrequency 1550-nm Er:Glass FL vs PR: 7/20 (FL) vs 9/20 (RF) par- Painwith FL greater thanwith  Very low-  Highrisk

(RF) fractional RF; parallel-group ticipantsreported >50%improve-  RF; both groupsreported erythe-  quality evi-  of detec-
study ment in acne scarring at <24 maand edema; PIH in the FL dence tion bias

weeks post treatment (RR 0.78,  group only
95% Cl 0.36-1.68)

FL vsRF 1550-nm Er:Glass laser vs  PR: mean improvement gradein  1/20 participants withdrew due  Not as- Unclear
fractional bipolar RF; with- acne scars after treatment; frac-  to prolonged dyspigmentation  sessed risk of de-
in-individual tional laser (2.89, SD 0.57) vsRF  negatively affecting quality of tection bias

(2.74,SD 0.73) life

FL vsRF 10,600-nm CO, FL vsfrac- | nyetigator assessed (I1A)%: acne  Posttherapy erythema, sceling,  Not as- Not as-
tional microplasma RF; scar improvement in FL (59.2%) and PIH were more significant  sessed sessed
within-individual vs RF (56.4%) (P=.93) ontheFL side

FL vscombined FL  10,600-nm CO, FL alonevs | aC: 26/42 (FL) vs 3142 (FL ~ Transient erythema, crusting, ~ Not as- Not as-

With_ any activeinter-  samelaser pluspuncheleva-  with punch elevation) investiga- transitory bu_rni ng after treat- sessed sessed

vention tion; within-individual tors reported >50% acne scar ment, and mild PIH occurred

improvement at <24 weeks (RR with both interventions
1.45; P=.02)

FL vscombined FL.  CO, FL with salinevs CO> | A% mean degree of clinical im-  Posttreatment crusting and ede-  Not as- Not as-

with any activeinter- - FL with autologousplatelet-  provement for FL (2.3, SD 0.5) Malasted significantly longer on - sessed sessed

vention rich plasma (PRP); within-  ysFL with PRP (2.7, SD 0.7)  theFL-alonesidethan onthe
individual combined treatment side

FL vschemical peel- 1550-nm Er:Glass FL vs IAC: averageimprovement grades 1/20 participants|eft thetrial due Not as- Not as-

ing (CP) chemical reconstruction of 4ty <24 weeks: FL (2.51) vsCP to minor discomfort with treat-  sessed sessed
skin scars CP method; with- (2 44) ment from pain and redness
in-individual

FL vscombined CP  Nonablative 1540-nm PR: 9/13 (FL) vs9/13 (combined  Pain, transient edema, and erythe-  Very low-  Highrisk

with needling Er:Glass FL vs CP with CP with needling) participants ~ mawere reported in both groups  quality evi-  of detec-
trichloroacetic acid (TCA)  reported >50% acne scar improve- dence tion bias
20% with skin needling; ment after 12 months (RR 1.00,
parallel-group 95% CI 0.60-1.67)

CP vs placebo/no Glycalicacid peels(at differ- | aC significantly better response CP group: 7 partici pgnts with- Very_ Iow-_ High rlsk

treatment ent concentrations) vs 15% iy the CP group vs placebo drew (intoleranceto highconcen-  quality evi-  of attrition
glycolic acid cream vs (P<.05) trations, longer contact timesof ~ dence bias

placebo cream; parallel-

group studyd

peeling agent); RR 5.45, 95% ClI
0.33-90.14

3studies did not stratify patients based on acne severity (mild, moderate, severe), which may affect response to scar treatment.
Bitalicized studiesindicate statistical ly significant study results.
CPatient-reported scar improvement was not assessed in this study; investigator-reported scar improvement results were included.

dBoth treatment arms (glycolic acid peels and glycolic acid creams) were combined into 1 treatment comparison group for analysis.
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Table 2. Comparison of interventions for acne scars (continued).?

Caoetd

Quality of evi-
Comparison® Study details Scar improvement Adverse events dence Risk of bias
Chemical peeling Deep peeling with ail Participant reported (PR): 10/10 All participants reported pain  Very low- High risk of
(CP) vscombined CP  phenol in a60% concen- (CP) vs 8/10 (CP with needling) andtransient erythemainboth quality evi- detection bias
plusany activeinter- tration formulanonhy-  participants reported >50% acne groups dence
vention droalcoholic solution vs  scar improvement after 8 months
trichloroacetic acid (RR 1.24, 95% CI 0.87-1.75)
(TCA) 20% with skin
needling; parallel-group
study
CPvs needling 100% TCA chemical re- PR: 9/12 (TCA CROSS) vs All participantsreported pain  Very low- High risk of
construction of skinscars  10/15 (skin needling) participants  and transient erythemainboth  quality evi- detection and
(CROSS) vs skin reported >50% acnescar improve-  groups; 6/12 participantsin =~ dence attrition bias
needling using der- ment at 1 month (RR 1.13, 95% the peeling group experienced
maroller; parallel-group  Cl 0.69-1.83) postinflammatory hyperpig-
study mentation (PIH)
Needling vs place- Needling vstopical anes- PR: 41% mean improvement in  All participantsreported pain, Not assessed  Not assessed
bo/no treatment thetic cream; within-indi-  acne scars on the treated side and transient erythema and
vidual study edemawereseeninall partic-
ipants
Injectablefillersvs Polymethylmethacrylate PR: 77% (injectablefiller) vs Injection site pain, injection ~ Moderate- Low risk of
placebo/no treatment  suspended in bovinecol-  42% (placebo) of participants sitetenderness, swelling, ery- quality evi- detection bias
lagenvssaineinjections; reported improved acne scarring  thema, bruising, pain, itching, dence
parallel-group study (RR 1.84, 95% CI 1.31-2.59; lumps or bumps, and discol-
P<.05) oration
Injectablefillersvs Autologousfibroblastsvs  PR: 43% of treated sidesshowed  Participantsin both groups ~ Not assessed  Low risk of
placebo/no treatment  vehicle control; within-  >2-point acne scar improvement  reported mild to moderate detection bias
individual study compared with 18% of the vehi- erythema
cle-control treated side (P<.001)
Injectablefillersvs Injectablefiller with nat- PR: 3.5 (injectablefiller) vs3.9 Higher severity of bruising ~ Not assessed  High risk of
subcision ura-sourceporcinecolla-  (subcision) global improvement  reported with subcision vs detection bias
gen vs 18-gauge Nokor  rate (P=.12) fillers
subcision needle; within-
individual study
Microdermabrasion  417-nm blue light thera- Investigator assessed (IA)%: 80% None reported Not assessed  Not assessed
™M DA) + _ami nole- py plus MDA _with 20%  of participants showed acne scar
vulinic acid _ §-ALA or vehicle solu- improvement on the MDA +
(ALA)-photodynamic  tion ALA-PDT sidevsthe MDA +
therapy (PDT) vs vehicle-PDT side
MDA + placebo-PDT
Fractiond laser (FL) ErYAGFL vsCO,FL  PR: 70% (Er:YAG) vs 60% Participants reported erythe-  Not assessed ~ Not assessed
vsFL laser; within-individual ~ (COy) of laser siteswereratedas  ma, edema, superficial crust-
showing >50% improvement in  ing, and PIH
acne scarring (P=.47)
Photothermolysisvs ~ Nonablative 1550-nmer- | A mean grade of improvement  Mean pain scoresweresignif- - Not assessed  Not assessed
FL bium-doped fractional for FPS (2.0, SD 0.5) vs FS (2.5, icantly lower for FPS than
photothermolysissystem - gp .g) (P=.158) with FL; side effectsincluded
(FPS) vs10,600-nm CO, crusting, scaling, redness, flu-
FL system; within-indi- idretention, and hyperpigmen-
vidua tation
Pulsed dye laser Nonfractional nonablas  |AC: gone scores improved by Reported adverseeventsin-  Not assessed  Not assessed

(PDL) vslong-pulsed
laser

Long-pulsed Nd-YAG
laser vs diode laser

tive (NFNA) PDL vs
1064-nm long-pul sed
Nd:YAG (neodymium:yt-
trium-aluminium-garnet)
laser; within-individual

NFNA 1320-nm long-
pulsed Nd-YAG laser vs
NFNA 1450-nm diode
laser; within-individual

18.3% (PDL) and 18.7%
(Nd:YAG); no statistically signif-
icant difference between treat-
ments

IAS: higher average clinical
scores on 1450-nm diode
|aser—treated face side than on
Nd-YAG laser—treated face side

cluded transient pain, erythe-
ma, and edemain treated ar-
eas

All participants experienced
posttreatment erythema, and
some had PIH and discomfort
with treatment

Not assessed  Not assessed
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Quality of evi-
Comparison® Study details Scar improvement Adverse events dence Risk of bias
Long-pulsed Nd-YAG  Long-pulsed Nd:YAG IAS acnescoresimproved by~ Reported adverseeventsin-  Not assessed  Not assessed
laser vs combined laser vs combined 27% (Nd:YAG) and 32.3% cluded transient pain, erythe-
laser 585/1064-nm laser; with- - (585/1064-nm laser); no dtatisti-  Ma and edemain both treated
in-individual cally significant difference areas

studies did not stratify patients based on acne severity (mild, moderate, severe), which may affect response to scar treatment.
Btalicized studiesindicate statistical ly significant study results.
CPatient-reported scar improvement was not assessed in this study; investigator-reported scar improvement results were included.

Editorial Notice

The views expressed in this paper are those of the authors and in no way represent the Cochrane Library or Wiley.
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Recently in dermatology, the most influential scientists were
reported [1,2]. Similarly, after analyzing the publications over
10 years (2011-2020), the top authors in the Journal of the
American Academy of Dermatol ogy (JAAD) were also described
[3]. Inthisletter, we arereporting for thefirst time thetop three
authors in three world-class journals (ie, JAAD, JAMA
Dermatology [JAMA-D], and American Journal of Clinical
Dermatology [AJCD]). On July 24, 2022, the datawasretrieved
from the Scopus database, and the analysis was performed on
RStudio (Bibliometrix/Biblioshiny) software (RStudio, PBC).
We only analyzed research articles and excluded the year 2022.
Scopus has been covering JAAD, JAMA-D and AJCD since
1979, 2013 and 2000, respectively. In total:

« JAAD published 17,065 research articles. A total of 93
authors published at least 30 articles (for a total of 2732
articles). Inthese publications, the authors were from 2307
universitiesin 65 countries.

+  JAMA-D haspublished 1200 articles, of which 5975 authors
from 1900 universitiesin 56 countries have contributed.

+ AJCD haspublished 492 articles. In all publications, 1866
authors were from 838 universitiesin 45 countries.

During the analysis, authors were included from JAMA-D and
AJCD if they had published at least 5 research articles.

https://derma.jmir.org/2022/3/€39948

There are several bibliometric indicators that can be used for
analysis. For example, the h-index considers both the number
of publications and citations. In other words, a dermatol ogist
with 5 articles with 5 or more citations (each) will have an
h-index of 5. Theg-index is another interesting indicator. It
represents the highest number “g” of articles that together

received g” or more citations. A g-index of 10 indicates that the

top 10 publications have been cited at least 100 times (10%). The
m-quotient (or m-index) considers both the h-index and the
number of years. The m-index can be obtained by dividing the
h-index by the number of years since the first publication of an
author. For example, an h-index of 10 for an individual over 5
years means that the m-quotient is 2.

Our results differed from earlier reports [1-3], as they ranked
the authors on the basis of the total number of publications and
the h-index. We highlighted the most influential authorsin all
3journals on the basis of the total number of publications, total
citations, h-index, g-index, and m-index. The data is presented
in Table 1. We also providethelist of the top 10 most productive
universities and countries (Table 2).

Themajor limitations of thisletter are name changes (variations
in initials) and duplication of common names (authors and
universities), which are not addressed. This may affect the
ranking. We only relied on Scopus; other databases were not
included in this study.

JMIR Dermatol 2022 | vol. 5 | iss. 3 [€39948 | p.143
(page number not for citation purposes)


mailto:waseem_anw@yahoo.com
http://dx.doi.org/10.2196/39948
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DERMATOLOGY

Table 1. Thelist of thetop 3 authorsin JAAD, AJCD, and AMA-D.2

Hassan et d

Number of publications Total citation H-index G-index M-index
JAADPC
Feldman SR (n=127) Feldman SR (n=12,778) Lebwohl M (55) Feldman SR (112) Gelfand IM (1.895)
Lebwohl M (n=108) Lebwohl M (n=10,127) Feldman SR (48) Lebwohl M (100) Patel KR (1.8)
Paller AS (n=77) Menter A (n=7754) Gottlieb AB (39) Paller AS (77) Silverberg J (1.769)
AJcp4e
Piérard GE (n=10) Silverberg J (n=260) Silverberg Jl (8) Piérard GE (10) Simpson EL (1.75)
Silverberg J (n=9) Armstrong AW (n=244) Armstrong AW (8) Silverberg J (9) Chen Z (1.25)
Armstrong AW (n=9) Feldman SR (n=218) Feldman SR (7) Armstrong AW (9) Paler AS (1.25)
JAMA-D"9
Mostaghimi A (n=30) Margolis DJ (n=1159) Armstrong AW (15) Mostaghimi A (24) Mostaghimi A (2)
Marghoob AA (n=21) Schmults CD (n=1088) Margolis DJ (14) Marghoob AA (21) Armstrong AW (1.5)
Margolis DJ (n=20) Weinstock MA (n=1067) Marghoob AA (14) Margolis DJ (20) Tkachenko E (1.5)

#The ranking is based on the number of publications, total citations, h-index, g-index, and m-index. The data was retrieved from Scopus on July 28,

2022, and analyzed on RStudio (Bibliometrix/Biblioshiny).
BIAAD: Journal of the American Academy of Dermatology.

“Total publications: 26,185; total citations: 566,620 (citations of 20,000 documents); total h-index: 242 (of 20,000 documents); |mpact Factor (2021):
15.48; CiteScore: 8.1; Scientific Journal Ranking (SJR; 2021): 1.948; Source-normalized Impact per Paper (SNIP; 2021): 2.512.

dAJCD: American Journal of Clinical Dermatology.

®Total publications: 1418; total citations: 46,803; total h-index: 99; Impact Factor (2021): 6.23; CiteScore: 12.1; SIR (2021): 1.956; SNIP (2021): 3.024.

fIAMA-D: JAMA Dermatology.

9Total publications: 3544; total citations: 46,377; total h-index: 82; Impact Factor (2021): 11.8; CiteScore: 12.5; SIR (2021): 2.412; SNIP (2021): 3.658.
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Table 2. List of the top 10 most productive universities and countries.

Universities Publications, n Country Publications, n

Journal of the American Academy of Dermatology (top 10 universities and countries)

Mayo Clinic 171 United States 2395
Northwestern University Feinberg School of Medicine 162 Italy 155
Harvard Medical School 144 Canada 146
University of Pennsylvania 141 Germany 118
Icahn School of Medicine at Mount Sinai 134 Israel 88
University of Pennsylvania Perelman School of Medicine 131 Austria 65
University of California, San Francisco 126 United Kingdom 64
Wake Forest School of Medicine 113 Japan 58
Massachusetts General Hospital 110 France 55
Memoria Sloan-Kettering Cancer Center 87 Spain 45

American Journal of Clinical Dermatology (top 10 universitiesand countries)

Harvard Medical School 94 United States 778
University of Pennsylvania 74 France 96
Brigham and Women's Hospital 73 United Kingdom 78
University of California, San Francisco 64 Germany 71
University of Pennsylvania Perelman School of Medicine 57 Spain 65
Northwestern University 56 Austrdia 62
Northwestern University Feinberg School of Medicine 54 Canada 57
Memorial Sloan-Kettering Cancer Center 48 Italy 50
Massachusetts General Hospital 40 Netherlands 46
Inserm 37 Denmark 43
JAMA Dermatology (top 10 universitiesand countries)
Northwestern University Feinberg School of Medicine 17 United States 206
Icahn School of Medicine at Mount Sinai 15 Germany 46
Centre Hospitalier Universitaire de Liege 13 Italy 37
University of Texas MD Anderson Cancer Center 11 Turkey 35
University of Toronto 11 Canada 33
Friedrich-Schiller-Universitat Jena 11 United Kingdom 29
Springer Nature 11 France 24
Ankara Numune Education and Research Hospital 10 New Zealand 24
Harvard Medical School 10 Belgium 19
University of Southern California 10 Spain 18
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Abstract

Background: The Altmetric score (AS) isanovel measure of publication impact that is calculated by the number of mentions
across various social mediawebsites. This method may have advantages over traditional bibliometrics in the context of research
by medical students.

Objective: Thisstudy aimed to determine whether dermatol ogy matriculants who graduated from higher-ranked medical schools
published more articles with greater impact (ie, a higher AS) than those from lower-ranked ingtitutions.

Methods: A PubMed search for articles published by dermatol ogy residents who started medical school in 2020 was conducted.
Demographic information and Altmetric data were collected, and medical schools were sorted according to US News' top-25
and non—top-25 categories.

Results: Residents who completed their medical training at atop-25 institution published more papers (mean 4.93, SD 4.18 vs
mean 3.11, SD 3.32; P<.001) and accrued a significantly higher total AS (mean 67.9, SD 160 vs mean 22.9, SD 75.9; P<.001)
and average AS (mean 13.1, SD 23.7 vs mean 6.71, SD 32.3; P<.001) per article than those who graduated from non-top-25
schools.

Conclusions. Our resultsindicate that studentsin top-25 schools may have greater accessto research resources and opportunities.
With a pass/fail United States Medical Licensing Examination Step 1 exam that may increasingly shift focus toward scholarly
output from medical students, further discussion on how to create a more equitable dermatology match is essential.

(JMIR Dermatol 2022;5(3):€39201) doi:10.2196/39201

KEYWORDS

Altmetric score; bibliometrics; social media; dermatology; resident; medical student; publication; citation; Altmetric; research
quality; publish; impact factor; Scientometrics

between medical school rank and the quality of articles

Introduction published by dermatology matriculants is unknown.

The Altmetric score (AS) is a novel measure of publication

impact that is calculated through an automated al gorithm using
the number of mentions on numerous social media websites,
including Twitter and Facebook [1,2]. It may be advantageous
to traditional bibliometricsin the context of analyzing research
by medical students, as the AS peaks relatively quickly and
measures qualitative data [3,4]. Currently, the relationship

https://derma.,jmir.org/2022/3/€39201

RenderX

Methods

A PubMed search for articles published by dermatology
residents who began medica school in 2020 was conducted.
Residentswho graduated from an osteopathic or foreign medical
school, aswell as those with aPhD, and articles without aDOI
(digital object identifier) were excluded. Demographic
information was obtained from publicly available profiles, and

JMIR Dermatol 2022 | vol. 5 |iss. 3 39201 | p.147
(page number not for citation purposes)


mailto:Austin.Huang@bcm.edu
http://dx.doi.org/10.2196/39201
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DERMATOLOGY

ASdatawere collected from the Altmetric website[1]. Medical
schools were sorted into US News' top-25 and non—top-25
categories, which were ranked partially based on the amount of
federal funding received [5,6]. Kruskal-Wallis tests were used
to analyze the association between medical school rank and
research productivity.

Results

Postgraduate year 3 dermatology residents (N=401) published
1400 articlesduring medical school, averaging 3.69 per resident.

Huang et a

The mean total AS of articles by each resident was 37.2, with
each of their articles averaging an AS of 8.72 (Table 1).
Residents who completed their medical training at a top-25
institution published more articles (mean 4.93vs 3.11, P<.001)
and accrued a significantly higher total AS (mean 67.9vs22.9,
P<.001) and average AS (mean 13.1vs6.71, P<.001) per article
than those who graduated from non-top-25 schools.

Table 1. Altmetric datafor research by dermatology residentsin medical school.

Residents, n (%) Publications, mean (SD)  Total AS? mean (SD) AS, mean (SD)
All residents 401 (100) 3.69(3.7) 37.2(111) 8.72 (30)
Medical school
Top 25 127 (31.7) 4.93(4.2) 67.9 (160) 13.1(23.7)
Non-top 25 274 (68.3) 3.11(3.3) 22.9(75.9) 6.71(32.3)

3AS: Altmetric score.

Discussion

To our knowledge, thisisthefirst study to usethe ASto analyze
theimpact of articles published by dermatology residentsduring
medical school. Prior groups have assessed the correlation
between the AS and citation count [3,4]. Others have used
traditional bibliometrics to evaluate medica student research
productivity in various fields [ 7,8]. Since there is only a short
time period when students can publish before applying for
residency, metricsthat take yearsto accumulate, such ascitation
count and the h-index, are not reliable for assessment of
publication impact during medical school [3]. Given the rise of
virtual information sharing due to the COVID-19 pandemic,
alternative measurements of publication impact that rely on
social media dissemination may become more pertinent.

Limitations to this study include the inability to capture all
articles published due to name changes for various reasons
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including marriage and divorce, which may disproportionately
affect the perceived productivity of female residents[9].

The new pass/fail United StatesMedical Licensing Examination
Step 1 exam, while intended to cultivate the prospect of a
holistic application process, has prompted concerns of an
increasingly unhealthy focus on medical student scholarly output
in research-heavy fields such as dermatology [10]. Our results
indicate that studentsin top-25 schools may have greater access
to research resources and opportunities. Students at non-top-25
institutions who cannot afford to take research years may not
have a fair opportunity to compete with students from top-25
schools. While not a new phenomenon, the consequences of
this new system appear to be antagonistic against the current
movement toward equity in the field of medicine. Further
discussion on how to create amore equitable match isessential.
In atime when dissemination of research through the internet
isgrowing at arapid pace, we encourage future work to explore
the utility of the ASin dermatol ogy.
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Introduction

Brachioradial pruritusis a skin condition that involves itching
or pain most commonly involving the dorsolateral upper
extremities. It is speculated that both cervical spinedisease and
sun-induced cutaneous nerve injury areimportant contributors,
with varying degrees of presentation [1]. Patients often present
with ahistory of sun exposure and are mostly middle-aged and
female[2]. It has been postulated that neuropathic brachioradial
pruritus may be the result of UV damage to nerve endings in
an at-risk population with cervical spine pathology [3].

Case

A 70-year-old female patient with no past medical history
presented to the outpatient spine clinic with a 2-year history of
intermittent pruritus predominantly aong the bilateral
dorsolateral forearm. Symptoms were often severe enough that
scratching resulted in open sores on her forearms. However,

https://derma.jmir.org/2022/3/e39863

RenderX

she denied any axial or radicular pain. She reported no known
triggers except for flares occurring more frequently and with
more severe symptomatology after sun exposure. The patient
reported no prior dermatological diseases, familial pruritus, or
trauma to the spine or extremities. She initialy saw a
dermatologist who deemed that the symptoms were not
attributed to primary skin disease or inflammatory disorder. She
then saw a rheumatologist who did not find any source of
inflammatory disease. Magnetic resonance imaging of the C
spine was obtained, and the patient was referred to a
comprehensive spine center due to findings of bilateral
neuroforaminal stenosis that was most severe at C4-C5 and
C5-C6 (Figures 1 and 2). At the time of the spine clinic visit,
shewas asymptomatic; however, potential interventional options
such ascervical epidura steroid injection were discussed inthe
event that her symptoms recurred. Prior to being evaluated in
the spine clinic, she was taking prophylactic subsalicylate and
loratadine due to mild alleviation of symptoms during a recent
flare. The physical exam was unremarkable.
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Figure 1. Midline sagittal view showing spondylosis that is worst at C5-C6 and C6-C7.
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Figure2. Axial view at C5-C6 showing significant neuroforaminal narrowing bilaterally.

Discussion

Itch is a complex neurologic phenomenon whose pathogenesis
is only partialy understood. It is speculated that irritation of
spinal itch neurons caused by degenerative spinal changes|eads
to the spontaneous firing of damaged neurons, loss of the
feedback mechanism for their descending inhibitory neurons,
and loss of inhibitory interneurons that results in spinal
hyperexcitability [3].

There are no established treatment guidelinesfor BPR. Various
treatments have been described in the literature, each with mixed
success. The conservative approach focuses on avoidance of
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sun exposure and neuropathic medications. A case series of 3
female patients with an average age of 66 years demonstrated
complete resolution of symptomsin 2 of the 3 patients treated
with computed tomography—guided cervical root nerve block
at the levels of greatest stenosis [4]. A recent case report of a
patient with brachioradial pruritus who underwent multilevel
cervical diskectomy and fusion for cervica nerve root
compression was found to be symptom-free afterward. Prior to
surgery, he did receive temporary relief with epidural steroid
injections [5].

This caseis unique given that our patient presented with solely
pruritus and without any history of pain related to her cervical
spine pathol ogy.
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Abstract

Melanoma of the penis is a rare tumor with a poor prognosis. We report the case of a 73-year-old patient with no significant
medical history, admitted for deterioration of the general condition and bilateral inguinal lymph nodes. An abdominal ultrasound
and thoraco-abdomino-pelvic CT (computed tomography) scan revealed metastatic liver nodules, the tumoral nature of which
was confirmed by an anatomopathol ogical examination. Further clinical examination revealed papular and ulcerated lesions of
the penis located at the urethral meatus and glans penis. These lesions were biopsied and histologically assessed as melanoma.
The contribution of imaging in penile tumorsis generally not useful for diagnosis as clinical examination is key. However, it has
its place in the assessment of locoregional and distant extension. In our case, it was the distant lesions that helped orient the
diagnosis. The patient underwent immunotherapical treatment and is still alive 19 months after the diagnosis.

(JMIR Dermatol 2022;5(3):€37400) doi:10.2196/37400
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melanoma; penis; immunotherapy; metastasis; lymph nodes; tumor; lesion; treatment; diagnosis

We present a case of multifocal melanoma of the penisin a
73-year-old man with inguinal lymph nodes and hepatic nodules

Melanoma of the peniis is a rare tumor with a poor prognosis revealed  via an  abdomina  ultrasound  and
[1-3]. Since 1859, nearly 200 cases have been reported in the  thoraco-abdomino-pelvic CT (computed tomography) scan
literature, representing less than 1.4% of primary penile performed as part of the etiological investigation of an altered
carcinomas [1,4-6]. It is generally located on the glans penis  9eneral condition.

(55%), followed by the foreskin (28%), the penile body (9%), Case Report

and the urethral meatus (8%) [2,7]. Melanoma in situ of the
penisis much rarer [8,9] and usually occursin older adults[2].
Imaging does not usually have arole in diagnosis, but it does
play arolein the workup.

Introduction

The patient was 73 years old and had no previous history of
illness. He presented with an altered general condition. The
clinical examination revealed an altered patient with a World
Health Organization performance status of 2, aswell asvisible
and papable bilateral inguinal adenopathy. The rest of the
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examination was unremarkable. The patient underwent a
standard biol ogical workup (complete blood count, liver workup,
and renal workup), where no abnormality was found.

He adso underwent an abdominal ultrasound and a
thoraco-abdomino-pelvic CT scanto look for aneoplastic cause.
The latter showed secondary liver nodules (Figures 1 and 2)
and multiple voluminousbilateral inguinal lymph nodes (Figure
2).

An echo-guided biopsy of one of the hepatic nodules was
performed and came back in favor of a metastatic nature. A
second and more thorough clinical examination was performed
and revealed, in addition to inguinal lymph nodes, an ulcerated
lesion of the urethral meatus with a brown spot background
associated with brownish papules in the vicinity of the glans
penis (Figure 3). Ultrasound of the penial ulceration showed a
hypoechoic and heterogeneous lesion (Figure 4). It should be
noted that the patient is circumcised.

A biopsy of the urethral meatuslesion was then performed, and
the  anatomopathological examination  with  the

Boui et al

immunohistochemical profile was in favor of the melanoma
type “not otherwise specified.” Indeed, it reveadled a dermal
lesion massively infiltrated by a malignant tumor proliferation,
poorly limited epithelioma and rounded, with a clarified and
abundant cytoplasm associated with foci of necrosis (Figures

5-7).

Theproliferationinfiltrated the surface epidermis. The Breslow
index was estimated to be at |east more than 4 mm with alevel
4 on the Clark scale. After a multidisciplinary consultation
meeting, surgery was not recommended because of hepatic and
inguinal involvement and radical surgery would not have
improved  survival  significantly  [1].  Subsequently,
immunotherapy was recommended, and the patient wasreferred
to the oncology department where he underwent
immunotherapical treatment (pembrolizumab 200 mg/week).
The patient is till alive 19 months after the diagnosis, and the
last control CT scan showed stability of the hepatic lesion and
areduction of theinguinal nodes.

Figure 1. Abdominal ultrasound showing (A) hepatic lesions (black arrow) and (B) bilateral inguinal lymph nodes, right and left sides.

A

Figure 2. Thoraco-abdomino-pelvic CT scan showing hepatic lesions. CT: computed tomography.
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Figure 3. (A) and (B) Ulcerated lesion of the urethral meatus, (C) erythematous and brownish papules on the left side of the penis gland, and (D)
satellite brownish papules on the dorsal surface of the penis gland.
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Figure5. A histological image showing diffuse undifferentiated and ulcerated malignant tumor proliferation at x40 magnification with hematoxylin
and eosin staining (black rectangle: epithelium ulceration; white circle: tumoral proliferation).

Figure6. A histological image showing nestsand lobules of highly nucleoted epithelioid malignant tumor cells at x200 magnification with hematoxylin
and eosin staining (yellow arrow: mitosis; black arrow: melanin pigment).

3
.
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Figure 7. Immunohistochemical staining demonstrating staining with immunohistochemical melanoma markers (A) S100 protein, (B) HMB45, and

(©) Melan-A.

Ethics Approval

The hospital’ s ethics committee approved this study, and patient
consent was obtained.

Discussion

Principal Findings

Melanoma of the penisisararelesion and hasapoor prognosis
[10Q]. Itisatumor that generally occursin older adults, with the
peak incidence occurring between 50 and 70 years of age [1].
The peak frequency of cutaneous melanomaat other body sites
is between 40 and 49 years of age[10].

One of the major difficulties of penile melanoma is early
diagnosis, which remains challenging because theinitial clinical
presentation of melanoma is often indistinguishable from a
benign lesion. Melanoma can present as abrown, reddish-black,

https://derma.jmir.org/2022/3/€37400
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or bluish-pigmented lesion [10,11]. Thisiswhy any suspicious
lesion should be biopsied early [10].

Various studies in the literature have reported melanomas of
the penisand urethra[1,5,7,12,13]. In thelatter case, the damage
generally occursin the fossanavicularis and more rarely in the
pendulous, bulbous, and prostatic areas [1]. Only 5 cases of
multifocal melanomas have been reported in the literature [1].
In our patient, melanomas were found in both the penis and
urethral meatus.

There are no standard guidelines for the adequate staging of
melanoma; however, most authors use a 3-stage system [14] to
describe melanoma of the penis and the glans penis. Stage |
refers to localized disease in the penis, stage Il is melanoma
involving the inguinal lymph nodes, and stage Ill refers to
disseminated metastatic disease. Others use the American Joint
Committee on Cancer (AJCC) tumor-node-metastasis (TNM)
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cancer staging system [15]. The patient presented in this case
report was assessed as having AJCC stage 11l (T4 N2 M1)
melanoma of the penis.

Imaging does not usually play animportant rolein the diagnosis
but rather in the assessment of extension, particularly in the
search for distant lesions, and in the follow-up.

The prognosis of penile melanomais generally poor [10], most
often because it is diagnosed late, especially at the stage of
metastasis as in the case of our patient.

The prediction of the evolution of melanoma is based mainly
on the tumor thickness. It had been proven that some factors
worsen the prognosis such astumor thickness>3.5 mm, presence
of ulceration and microsatellites, and tumor diameter >15 mm
[1Q]. Thistype of tumor has a poor prognosis and metastasizes
rapidly. It presents very variable clinical manifestations from
macules to papules and nodules, all of varying color. The
survival rateat 2 yearsand 5 yearsis 63% and 31%, respectively
[10].
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Early diagnosisisimportant because of the high risk of distant
metastases. On the other hand, if the tumor is diagnosed early,
it is potentially curable [16]. However, in common practice, it
isusually revealed at alate stage.

The lack of public prevention and the sensitivity of the
melanomasite make early diagnosis difficult. Treatment isbased
on surgery when there is no distant extension [17]. The
gold-standard treatment is based on resection of thelesion while
preserving the organ [1,2]. The search for sentinel and inguinal
adenopathy is essential, and alymphadenectomy is sometimes
necessary [1]. The prognosis remains poor due to the lack of
effective chemotherapy.

Conclusion

Malignant melanoma of the penis is a rare disease often
associated with a high incidence of metastasis generally dueto
delayed diagnosis. The prognosisfor survival ispoor even when
treated.
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Abstract

Cutaneous angiomyolipomaisarare mesenchymal tumor that isdemographically, clinically, and immunohistochemically distinct
from its renal and extrarenal counterparts. We present a case of cutaneous angiomyolipoma in the right retroauricular area of a
35-year-old male patient and provide a broad systematic review of the literature and the largest compilation of cutaneous
angiomyolipomas reported to date. According to the findings presented in thisreview, we conclude that cutaneous angiomyolipoma
should be completely separated from renal and extrarenal angiomyolipomas and therefore be considered a distinct entity in the

classification of skin tumors.
(JMIR Dermatol 2022;5(3):e40168) doi:10.2196/40168
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Introduction

Cutaneous soft tissue tumors are a heterogeneous group of
neoplasmsarising from different dermal and subcutaneoustissue
components. Benign tumors vastly outnumber sarcomas [1].

Cutaneous angiomyolipoma (hereinafter described as* cutaneous
AML") isabenign tumor composed of varying proportions of
thick-walled blood vessels, mature adipose tissue, and smooth
muscle cells arranged in bundles, histologically identical to
renal and extrarenal angiomyolipoma (hereinafter described as
“classic AML"). Cutaneous AML is extremely rare and is not
included in the latest 2018 World Health Organization (WHO)
classification of skin tumors[1].

https://derma.jmir.org/2022/3/e40168

A total of 43 cases have been reported in English and Spanish
literature to date; we present a new cutaneous AML in a
35-year-old male, which would represent the 44th case. We
present the largest compilation of cutaneous AMLSs, describe
their clinical and morphological features, and contrast them
with classic AMLs.

Our findings revea that although they share similar
histopathologic features, classic and cutaneous AML should be
considered separate entities owing to their distinct demographic,
clinical, and immunohistochemical features. Immunostains for
melanocytic markers (such as monoclonal antibody HMB-45)
are crucia in differentiating these 2 entities, being positive in
classic AML [2-8] and negative in cutaneous AML. These
differences alow us to conclude distinct histogeneses and
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incorporate cutaneous AML into an independent category in
sKin soft tissue tumors.

Case Report

Case Overview

A 35-year-old male patient presented with a mass on his right
ear, which progressively increased in size and became painful

Sanchez et al

to touch after local trauma. He was otherwise in good health
and had no clinical signsor familiar history of tuberous sclerosis
complex (TSC) or classic AML. Physical examination revealed
a nodular, erythematous, soft, mobile, subcutaneous mass in
the right retroauricular area, which had a diameter of 1.7 cm
(Figure 1). Clinical impression suggested a keloid scar versus
skin appendage; thus, excision was performed by CO, laser.

Figure 1. Exophytic nodulelocalized in the postauricular region of theright ear, adjacent to the earlobe. Erythematous, soft to touch, mobile, measuring

1.7 cmin diameter. Epidermisisintact.

M acroscopic Findings

Theexcisional skin biopsy showed asubcutaneous hodular mass
covered by arugged grayish-tan epidermal surface. At the cut

»

surface, a well-circumscribed, subepidermal, whitish-yellow,
heterogeneous soft mass was present, measuring 1.3 x 0.6 cm
(Figure 2).

Figure 2. Resected well-circumscribed mass measuring 1.3x0.6 cm with a heterogeneous whitish-yellow appearance.

Microscopic Features

Hematoxylin-eosin-stained sections revealed a
well-circumscribed nodul e, a surrounding fibrous pseudocapsule
(Figure 3), small or medium blood vessels, adipose tissue, and
bundled smooth muscle cells (Figure 3). Cellular pleomorphism,
atypia, mitotic figures, and necrosis were absent. The tumor
was in the junction between the reticular dermis and the
hypodermis. The epidermal surface showed no significant
histological changes.

Masson's trichrome staining revealed smooth muscle bundles
(red), muscular blood vessels (red), stromal connective tissue
(blue), and the fibrous pseudocapsule (blue) (Figure 4).

https://derma.jmir.org/2022/3/e40168
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Immunohistochemical analysis using the Ventana BenchMark
ULTRA platformwith the UltraView detection system revealed
positive staining for smooth muscle actin (SMA, clone 1A4)
(Figure 4) and negative staining for the following melanocytic
markers: anti-melanosome (monoclonal antibody HMB-45),
MART-1 (Melan-A, clone A103) and Tyrosinase (clone T311,
Figure 4). Both positive and negative controls were adequate
for all studies.

Based on the findings, the case was diagnosed as a completely
excised cutaneous AML. The patient had no recurrence at 1
month follow-up.
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Figure 3. Low-power view demonstrating subcutaneous location and sharply demarcated border of the tumor (hematoxylin-eosin staining, x10
magnification). The tumor is composed of thick-walled blood vessels (black arrows), mature adipose tissue (arrowhead), and smooth muscle cells
arranged in bundles (white arrow; hematoxylin-eosin staining, x100 magnification).
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Figure 4. Smooth muscle bundles and vascular smooth muscle stained in red, and fibrous pseudocapsule stained in blue (Masson’s trichrome stain,
x20 magnification). Immunostaining showing the muscular components of the tumor (smooth muscle actin, x100 magnification). Completely negative
immunostaining for melanocytic markers in the tumor, with a positive reaction in the epidermal melanocytes (Melanoma Cocktail: HMB-45, MART-1,

and Tyrosinase; x50 magnification).
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Discussion

Background

Soft tissue cutaneous tumors are a heterogeneous group of
neoplasms originating from distinct dermal and subcutaneous
tissue components. The most common benign mesenchymal
tumors are lipomas, dermatofibromas (fibrous histiocytomas),
vascular or smooth muscle lesions, and nerve sheath tumors.
These tumors are usually superficial and small, measuring less
than 5 cm, and present clinically as painless plaques or nodules
with variable growth rates. Benign tumors are generaly
successfully treated with complete excision and rarely recur
locally [1].
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Cutaneous AML was first described by Argenyi et a [9] in
1986. Since then, according to a comprehensive review of
English and Spanish literature (PubMed, SciELO, and Google
Scholar) by searching the databases using the terms cutaneous
angiomyolipoma and cutaneous angiolipoleiomyoma without
date restrictions, 43 patients with cutaneous AML have been
reported to date (Table 1) [10-39]. To our knowledge, our case
is the 44th case of cutaneous AML described.

Dataanalysisfrom all reported cases of cutaneous AML reveals
significant differences with classic AML and should therefore
be classified as separate clinicopathol ogical entities. To support
this statement, wefirst describe classic AML, establish clinical
and diagnostic criteria for cutaneous AML s based on all cases
reported to date, and finally contrast its characteristics with
those of classic AML.
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Table 1. Cutaneous angiomyolipoma: clinical and morphological features of all cases published to date.

Sanchez et al

Author (year) Case Sex(age Clinicd diag- Disease  Location Symp- Size  Microscopic Mdanogt- Treat-  Recur-
inyears) nosis evolution toms (cm)  findings icmark-  ment rence
time ers
(vears)
Argenyi et al 1 Mae(67) Epidermal 40 Right he- Notspeci- 1x1 Adiposetissue NS Surgical  No recur-
[10] (1986) cyst lix fied (NS) (AT), blood excision renceat5
vessel (BV), years
and smooth
muscle (SM)
Fitzpatrick etal 2 Male(77) Lipomavs NS NS Asymp- NS AT, BV, SM, NS Surgica  No recur-
[11] (1990) cyst tomatic and pseudocap- excision rence
sule (PSC)
Fitzpatricketd 3 Mae(63) Giantceltu- 0.5 Toe Asymp- NS AT, BV, SM, NS Surgical  No recur-
[11] (1990) mor of ten- tomatic and PSC excision rence
don sheath
vs mucoid
cyst
Fitzpatricketal 4 Male(50) NS NS Head Asymp- NS AT, BV, SM, NS Surgica  No recur-
[11] (1990) tomatic and PSC excision rence
Fitzpatricketal 5 Femae NS NS Elbow Asymp- NS AT, BV, SM, NS Surgica  No recur-
[11] (1990) (59) tomatic and PSC excision rence
Fitzpatrick etal 6 Male(52) Lipoma 1 Hand Asymp- NS AT, BV, SM, NS Surgica  No recur-
[11] (1990) tomatic and PSC excision rence
Fitzpatrick etal 7 Male(33) Epidermal 3 Toe Asymp- NS AT, BV, SM, NS Surgica  No recur-
[11] (1990) cyst tomatic and PSC excision rence
Fitzpatrick etal 8 Male(48) Lipoma 0.16 NS Asymp- NS AT, BV, SM, NS Surgica  No recur-
[11] (1990) tomatic and PSC excision rence
Fitzpatrick etal 9 Male(39) Subcuta- NS NS Asymp- NS AT, BV, SM, NS Surgica  No recur-
[11] (1990) neousnodule tomatic and PSC excision rence
Mehreganeta 10 Male(49) Epidermal NS Righthe- NS NS AT, BV, SM, Negative Surgica No recur-
[12] (1992) cyst lix and PSC excision rence
Rodriguez-Fer- 11 Male(58) NS 15 Elbow Asymp-  4x3 AT, BV, SM, NS Surgica  No recur-
nandez et al tomatic PSC, and atypia excison renceat
[13] (1993) 15
months
Ortiz-Rey etd 12 Male(63) Angioma NS Right Asymp- 15 AT, BV, SM, Negative Surgica No recur-
[14] (1996) preauricu-  tomatic and PSC excision rence at
lar area 11
months
Leeetd [15] 13 Mae(32) Lipomavs 5 Leftear- Asymp- 15x12 AT, BV, and NS Surgica  No recur-
(1996) epidermal lobe tomatic SM excision rence
cyst
Va-Bernal etal 14 Mae(49) Vasculartu- 5 Rightear- NS 25%x2 AT, BV, SM, Negative Surgical No recur-
[16] (1996) mor vs lipo- lobe and PSC excision rence
mayvs cyst
Biyikbabani et 15 Male(38) NS 10 Right Asymp-  25x25 AT, BV, SM, Negative Surgica 2 previ-
al [17] (1998) retroauric-  tomatic and PSC excision ousrecur-
ular area rencesin
the same
sitefol-
lowingin-
complete
surgical
excision
Blyikbabani et 16 Mae(36) NS 15 Nose Asymp- 15x15 AT, BV, SM, Negative Surgicall NS
a [17] (1998) tomatic and PSC excision
Castro-Fornset 17 Mae(47) NS 05 Nose NS 1x0.7 AT, BV, and NS Surgical NS
al [18] (1998) SM excison
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Sanchez et al

Author (year)  Case Sex(age Clinicddiag- Disease  Location Symp- Size  Microscopic Meanoot- Treat-  Recur-
inyears) nosis evolution toms (cm)  findings icmark-  ment rence
time ers
(years)
Castro-Fornset 18 Female NS NS Lumbar NS 5 AT, BV, and NS Surgical NS
al [18] (1998) (65) SM excision
Obataeta [19] 19 Female Lipomavs 5 Nose Asymp- NS AT, BV, SM, NS Surgical  No recur-
(2001) (54) cavernous tomatic and PSC excision renceat 1
angiomavs year
arteriove-
nous heman-
gioma
Tsurutaet a 20 Male(75) Lipoma 10 Leftlater- NS NS AT, BV, SM, NS Surgical  No recur-
[20] (2004) a nose and PSC excision renceat 7
over years
nasa car-
tilage
Carlosdela 21 Femae NS 10 Palm - Painful at 1.5 AT, BV, and NS Surgicd NS
Torreet. a [21] (35) hy- touch SM excision
(2004) pothenar
region
Beereta [22] 22 Male(43) NS 0.5 Leftear Asymp- 04 AT, BV, and Negative Surgica No recur-
(2005) tomatic SM excision renceat
23
months
Beereta [22] 23 Male(56) NS NS Chin Fluctua= 0.6 AT, BV, and Negative Surgica No recur-
(2005) tionin SM excision renceat
sizewith 23
time months
Beereta [22] 24 Femae  Cyst 0.25 Lefthelix Fluctua= 0.5cm AT, BV, and Negative Surgica No recur-
(2005) (44) tionin SM excision renceat
sizeand 23
warm, months
ticklish
sensation
Debloometa 25 Female  Epidermoid 5 Leftante- Asymp- 2.8x2 AT, BV, SM, Negative Surgica NS
[23] (2006) (50) cyst vslipo- rior proxi- tomatic and PSC excision
mavs mal thigh
leilomyoma
Makino et a 26 Female  Vasculartu- NS Buttock NS 25x15 AT, BV, SM, Negative Surgica No recur-
[24] (2006) (16) mor and poorly cir- excision renceat 2
cumscribed years
Hyo Chan Jang 27 Male(57) Epidermal 4 Left _ Awm_p— 2x1.5 AT, BV, SM, Negative Sur_gi_caJ NS
etal [25] (2006) cyst retroauric-  tomatic and PSC excision
ular area
Singheta [26] 28 Male(45) NS NS Chin Asymp- 1 AT, BV, and NS Surgicd NS
(2009) tomatic SM excision
Sanchez-Estella 29 Female  Angioma 5 Left Change 15 AT, BV, SM, Negative Surgica No recur-
eta [27] (2009) (58) refroauric-  insizeac- and PSC excision renceat
ular area  cording 26
totheam- months
bient tem-
perature
Sanchez-Estella 30 Female  Angiomy- 2 Left Change 1 AT, BV, SM, Negative Surgica No recur-
eta [27] (2009) (52) olipoma refroauric-  insizeac- and PSC excision renceat5
ular area  cording months
totheam-
bient tem-
perature
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Author (year)  Case Sex(age Clinicddiag- Disease  Location Symp- Size  Microscopic Meanoot- Treat-  Recur-
inyears) nosis evolution toms (cm)  findings icmark-  ment rence
time ers
(years)
Shinetd [28] 31 Female  Mucoidcyst NS Right he- Asymp- 1x0.9 AT, BV, and Negative  Surgical No recur-
(2009) (26) lix tomatic SM excision renceat 3
months
Mikoshibaeta 32 Male(37) Lipomavs NS Rightear- NS 17x16 AT, BV, and Negative Surgica NS
[29] (2012) epidermal lobe SM excision
cyst
Ammanagi, et 33 Female NS NS Anterior NS 25 AT, BV, SM, NS Surgicdl NS
a [30] (2012) 3 abdomi- and PSC excision
nal wall,
below the
umbilicus
Tcherneveta 34 Femae NS NS Righthe- NS NS AT, BV, and NS Surgica  No recur-
[31] (2014) (66) lix SM excision renceat 4
weeksfol-
low up
Shimeta [32] 35 Male(45) NS NS Right Asymp- 2x1.9 AT,BV,and Negative Surgica No recur-
(2014) forehead tomatic SM excision renceat
12-month
follow-up
Haneta [33] 36 Male(36) Vasculartu- NS Right Asymp-  1x1 AT, BV, and Negative Surgical NS
(2014) mor nasal alar tomatic SM excision
base
Yasar etal [34] 37 Mae(67) NS 10 Rightear- NS 2x2 AT, BV, and NS Surgical  No recur-
(2014) lobe SM excision renceat 2
years
Carrau et al 38 Male(13) Neurofibro- NS Firstweb Asymp- 36x25 AT, BV, and Negative Surgical NS
[35] (2015) ma spaceof  tomatic SM excision
the left
foot
Kimeta [36] 39 Male(60) NS 3 Glabella Asymp- 23x17 AT, BV, SM, Negative Surgica No recur-
(2017) tomatic and PSC excision renceat
the 15
months
Mannan et a 40 Male(36) NS NS Rightear- NS 18x15 AT, BV, and Negative Surgical NS
[37] (2019) lobe SM excision
Araujo et al 41 Male(32) Epidermal 4 Rightear- NS 1.3x1 AT, BV, and Negative Surgica No recur-
[38] (2020) cyst vslipo- lobe SM excision renceat
ma 44
months
Araujo et al 42 Male(52) Epidermal 6 Rightear- NS 26x22 AT, BV, and Negative Surgica No recur-
[38] (2020) cyst vslipo- lobe SM excision renceat
ma 28
months
Oluwapelumi et 43 Femae NS 11 Tip of Recurrent  4x2 AT, BV (some  Negative Surgica No recur-
a [39] (2020) (1) nose mucus cysticaly dilat- excision renceat 3
dis ed), and SM months
charge,
nasal
blockage,
and snor-
ing
This study 44 Male(35) Keloidscar Around5 Right Painful at 13x06 AT, BV, SM, Negative Surgica No recur-
(2022) vsskinad-  years retroauric-  touch and PSC excision renceat 1
nexa tumor ular area month
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Classic AML

Overview

Classic AML is a benign mesenchymal tumor composed of
thick-walled blood vessels, mature adipose tissue, and bundles
of smooth muscle cellsin variable proportions. It was previously
described as a hamartomatous lesion; however, molecular
studies revealed its clonality and neoplastic nature [2,8,40]. It
presents almost exclusively in the kidney (99.7%) [2,8,41,42]
and is therefore further classified as renal or extrarenal.
Extrarenal AMLs (0.3%) have been reported in the liver (most
common extrarenal AML) [43-51], spleen [52], retroperitoneum
[53], nasal cavity [54], oral cavity [55,56], heart [57,58], colon
[59], lung [60], vagina[61,62], ovary [63], fallopian tubes[64],
mediastinum [65], spermatic cord [66], penis [67], bone [68],
and skin [69].

Etiology and Pathogenesis

Classic AML belongsto the perivascular epithelioid cell tumor
(PEComa) family, which also includes
lymphangioleilomyomatosis[40,70-73], clear cell “sugar” tumor
[40,74-79], clear cell myomelanocytic tumor of the falciform
ligament or ligamentum teres[80,81], abdominopel vic sarcoma
of PECs [3-7], and cutaneous PEComa [82-85]. Classic AML
is the most common PEComa [40].

Although all these tumors have distinct histologic features, they
all originate from perivascular epithelioid cells, which have the
peculiarity of coexpressing both melanocytic and myogenic
markers. Therefore, thesetumors probably originatefrom acell
with myomelanocytic differentiation, although no normal
counterpart for this cell has been described [40,86].

The magjority of classic AMLs are sporadic (80%). In
comparison, up to 20% of them are associated with TSC
[87,88]—arare, autosomal dominant, multisystemic syndrome
characterized by cutaneous abnormalities such as facial
angiofibromas, ash-leaf macules, and shagreen patches—and
diverse tumors, including classic AML (80% of patients with
TSC) [2,40], subependyma giant cell tumor, cardiac
rhabdomyoma, and lymphangioleiomyomatosis (LAM) [8,89].
Biallelic mutationsin TSC1 (~25%, hamartinin 9934) and TSC2
(~75%, tuberin in 16p13.3) [8,40,90-92] via point mutations,
deletions, missense mutations, or copy neutral loss of
heterozygosity [88,93] cause mTOR hyperactivation and
consequently stimulate cell growth. Sporadic AML has aso
been associated with TSC2 mutations[8,40,93]. TSC-associated
classic AML tendsto be bilateral and multifocal, while sporadic
AML cases areisolated and unilateral [3,5,41].

Classic AML can a so be associated with adult polycystic kidney
disease, neurofibromatosistype 1 (NF1), and von Hippel-Lindau
syndrome [32].

Epidemiology

Classic AML accounts for less than 1% of rena tumors;
however, it is the most common renal mesenchymal tumor
[8,87]. Sporadic classic AML has a female predilection (4:1)
and occursin patients between the age of 40-60 years, whereas
TSC-associated classic AML has no gender predominance and
occursin patients between the age of 30-40 years[2,8,40,94].

https://derma.jmir.org/2022/3/e40168
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Clinical Features

Most classic renal AMLs are asymptomatic and incidentally
detected through imaging, surgery, or autopsy [8]. However,
more than 80% of those larger than 4 cm are associated with
abdominal or flank pain, hematuria, nausea, vomiting, fever,
mass pal pation [2,8], and renal failure (on rare occasions) [87],
or new-onset hypertension [8]. Half of the symptomatic cases
develop spontaneous bleeding, which may result in massive
retroperitoneal  hemorrhage and hypovolemic  shock
[2,8,41,95,96]. Rupture and bleeding during pregnancy are
well-recognized complications [97,98]. Hence, tumors larger
than 4 cm warrant prompt surgical intervention.

Radiologic Findings

Classic renal AML is easily diagnosed with uncontrasted
computed tomography (CT) or magnetic resonance imaging
(MRI) because of its abundant fat tissue. In 2016, Song et al
[99] established a radiologic classification of renal AML as
being “fat-rich,” “fat-poor,” or “fat-invisible”; the latter can
have overlapping radiologic features with renal cell carcinoma
and may often require percutaneous biopsy for adequate
diagnosis [99-102].

Macroscopic Features

Classic AML isayellow-white, smoothly rounded tumor with
well-circumscribed, nonencapsulated borders. Its appearance
varies depending on the proportion of adipose, vascular, and
muscular components present [2-8,41]. Tumor sizeisvariable,
with those of sporadic cases ranging 1-30 cm (median 9 cm),
while those of TSC-associated cases are usually smaller and
can be multiple[2,103].

Microscopic Features

Classic AML comprisesthe characteristic triad of thick-walled
blood vessels devoid of lamina elastica, mature adipose tissue,
and bundles of spindled or epithelioid smooth muscle cells
[2-8,41,42,87]. Hemorrhage and necrosisare commonly detected

[8].

There are severa histologic variants, including microscopic
AML (absent thick-walled blood vessels) [104,105],
intraglomerular  AML (epithelioid smooth muscle cells
intermixed with a few adipocytes in capillary tufts) [106,107],
AML with epithelial cyst (cysts, “ cambium-like” stromal cells,
solid smooth muscle predominant areas, prominent
lymphovascular network, and rare adipose tissue) [108,109],
lymphangiomatosis of the renal sinus (plague-like massin the
renal pelvis) [110], sclerosing AML (cords and trabecul ae of
bland epithelioid cellsin abundant sclerotic stroma) [111], and
epithelioid AML (EAML) [40,87,104,112]; thelatter hasdistinct
implications that require further description.

EAMLSs (5%-7% of classic AML) require more than 80% of
epithelioid morphology [8,40,104], consequently reducing the
proportion of blood vessels and adipose tissue. It has varying
degrees of nuclear atypiaand may contain multinucleated giant
cells. Thisrare subtypeis potentially malignant and may exhibit
aggressive behavior such asrecurrence, invasion into theinferior
vena cava, and metastasis (to the lungs, bone, and liver) [8].
Brimo et al [113] established a model to predict malignant and
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aggressive clinical behavior in EAMLswhen finding 3 or more
of the following: >70% of atypical epithelioid cells, 22 mitotic
figures per 10 high-power fields, atypical mitotic figures, and
necrosis. Hence, EAMLs must be monitored closely.

I mmunohistochemistry

Classic AML is typicaly positive for melanocytic markers
(95%) such as HMB-45 (expressed in a patchy pattern),
Melan-A, Micropthalmia transcription factor, and Tyrosinase
[2,8,40,114]. Smooth muscle cells are also immunoreactive to
myogenic markers such as SMA, Calponin, and Desmin [8].
Other positive markers include cathepsin K [2,8,40] and, less
frequently, CD117, CD68, S-100, estrogen receptor, and
progesterone receptor (more common in the epithelioid variant)
[2,8,40,115-117].

Treatment

Surgical management is recommended in AMLs with a tumor
size greater than 1 cm, symptomatic patients, or those with a
high risk of tumor bleeding or rupture. Some tumors have been
treated with embolization. In some cases, medical therapy with
mMTORC1 inhibitors, such as sirolimus, has shown a positive
clinical response and prevented renal failure [40,101,118,119].

Table 2. Cutaneous versus classic angiomyolipoma.

Sanchez et al

Asymptomatic patientswith AMLs smaller than 1 cm and those
with significant comorbidities with AMLs smaller than 3 cm
should be followed up periodically with CT or MRI [101].

Prognosis

Recurrence in classic AML is rare; however, approximately
25% of cases of EAML with atypia can recur, metastasize, and
cause cancer-related death [8,114]. In a series of 41 cases of
pure (monotypic) epithelioid cell PEComa neoplasms, Nese et
al [120] observed recurrence in 17%, metastasis in 49%, and
cancer-related death in 33% of cases.

Cutaneous AM L

Overview

Cutaneous AML is demographicaly, clinically, and
immunohistochemically distinct from its classic counterpart
(Tables1 and 2). Cutaneous AML, previously termed cutaneous
angiolipoleiomyoma [11,24,34], is a rare, benign tumor with
varying proportions of thick-walled blood vessels, adipose
tissue, and smooth muscle cell bundles.

Classic angiomyolipoma

Cutaneous angiomyolipoma

Demographic data Predominant in females

Etiopathogenesis
tuberous sclerosis complex

Clinical

Morphology

necrosis
Immunohistochemistry  Positive melanocytic markers

Prognosis
cancer-related death

Perivascular epithelioid cell tumor; 20% associated with

Almost exclusively in the kidney; median size 9 cm

Epithelioid angiomyolipomawith varying atypia, mitosis, and

Predominant in males

One case associated with neurofibromatosis type 1

More frequent in the ear;
median size 1.5cm

No atypia, mitosis, or necrosis

Negative melanocytic markers

Epithelioid angiomyolipomacan recur, metastasize, and cause  Resolution following complete surgical excision

Epidemiology

Unlike its classic counterpart, cutaneous AML occurs
predominantly in males (70%). The age range is wide (2-77
years), with apeak incidence between the age of 30-50 (median
48) years.

This tumor occurs predominantly in the head (76%) but has
also presented in the limbs (22%) and abdomen (2%). Of the
head tumors, the ear was the most frequent location in 62% of
cases, followed by the nose in 19%, and, less frequently, in the
forehead, chin, and eyelid (19%).

Clinical Features

Most patients are asymptomatic, presenting only with avisible
or palpable nodular lesion with slow growth, ranging from 2
monthsto 40 years (median 5 years). Some patients experience
tumor size fluctuation over time or that associated with
environmental temperature changes (clinical manifestation of
the vascular component of the tumor) [22,28], pain (probably
associated with increased sensitivity due to location or trauma)

https://derma.jmir.org/2022/3/e40168

[21], and obstructive symptoms related to specific sites (such
as nasal cavity) and large tumor size [39].

In the majority of cases, cutaneous AMLs are clinicaly
misdiagnosed. The most common clinical diagnoses are cystic
lesions (35%, mainly epidermoid cysts), lipomas (28%), and
benign vascular tumors (17%; Table 1), the latter two being
consistent with the tumors' components.

No cases of cutaneous AML have been associated with TSC to
date. Only one case of AML inthe skin in a patient with TSC
has been reported [69]; however, thistumor had all the features
of classic AML (including expression of melanocytic markers),
which suggest classic AML with skin extension rather than a
true cutaneous AML. A sole case of true cutaneous AML was
reported in a patient with NF1 [35].

Radiologic Findings
Owing to its superficial location and easily accessible surgical

approach, imaging studies are usually unnecessary for diagnosis.
In the few cases reported, CT and MRI confirmed adipose and
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vascular components[33], similar to classic AMLS radiologic
findings.

Macroscopic Features

Cutaneous AMLs are well-circumscribed, whitish-gray dermal
tumors, measuring 0.4-5 (median 1.5) cm, generally smaller
than their classic counterpart (median 9 cm).

Microscopic Features

Histologically, most cases are well-circumscribed, with an
admixture of small to medium, thick-walled, muscular blood
vessels (some dilated and containing thrombi), mature adipose
tissue, and smooth muscle bundles in variable proportions,
identical to classic AML.

Half of the cutaneous AMLs are surrounded by a fibrous
pseudocapsul e, probably asastromal response to tumor growth.
Some cases present epidermal changes such as atrophy or
hyperplasia. Faint chronic inflammatory infiltrate was also
present in some cases [16,22].

Unlike classic AML, thereisno epithelioid variant in cutaneous
AMLs; consequently, they do not display cellular atypia,
necrosis, or mitosis. Only one case had pleomorphic and bizarre
nuclear changesin the smooth muscle component [ 13]; however,
the absence of epithelioid cells, mitotic activity, necrosis, and
the prolonged clinical duration (15 years) support the
degenerative nature of these findings, similar to those observed
in ancient schwannomas [13,121].

Special Stains
When requested, Masson'’s trichrome staining reveal ed smooth
muscle cells in red and collagen fibers (present in the stroma

and fibrous pseudocapsul€) in blue. Elastic fiber staining shows
an absent or defective lamina elasticain some vessels.

I mmunohistochemistry

Cutaneous AML ischaracteristically positive for smooth muscle
markerssuch as SMA, Calponin, and Desmin. However, unlike
classic AML, all cutaneous AML sare negative for melanocytic
markers such as HMB-45, Melan-A, MART-1, and SOX-10.
Other frequently positive markers include S-100, Factor Vi1,
CD31, CD34, and FLI1.

Treatment and Prognosis

Complete surgical excision is the diagnostic and therapeutic
procedure indicated for cutaneous AML; these tumors are
usualy easily “shelled out” [11,12,23]. Cutaneous AMLs are
always benign, do not progress, and only recur if excision is
incomplete [17], highlighting the importance of complete
removal with negative margins.

Sanchez et al

Differential Diagnosis

In the skin, some tumors are composed of one or more of the
AML components. Angiolipomais composed of maturefat cells
and clusters of thin-walled capillaries and lacks smooth muscle
bundles. Although angioleiomyoma is aso characterized by
thick-walled blood vessels (asin AML), its smooth muscle cells
are arranged concentrically around blood vessels, and it lacks
adipose tissue. Arteriovenous malformation is composed of
large-caliber arteries, arterioles, capillaries, venules, and
thick-walled veins, however, it lacks smooth muscle bundles
and adipose tissue [1].

The most important differential diagnosisisclassic AML inthe
skin [69] sincethey are histologically identical. The expression
of melanocytic markers and distinct demographic/clinical
features (previously described) are crucia for proper
differentiation between these two entities.

Conclusions

Owing to the rarity of cutaneous AML, it is currently not
included in the 2018 WHO classification of skin tumors [1].
Moreover, the current information still associates these tumors
as cutaneous presentations of the classic AMLs with some
differences.

Our review strongly suggests that cutaneous and classic AMLs
must be considered separate entities. In summary, the main
differences reside in the following aspects:

« Clinical: predominantly in males, more frequent in or
around the ear, and presenting exclusively as a solitary
lesion.

- Etiopathogenesis: without any reported association with
TSC.

- Morphology: lacking aggressive variants such as EAML,
necrosis, and atypical mitoses.

«  Immunohistochemistry: absent melanocytic markers.

- Prognosis: benign behavior with lack of recurrence
following complete surgical excision.

The immunohistochemical findings discard PECs or any other
cell with melanocytic differentiation as a possible origin for
cutaneous AML; hence, unlike classic AML, this tumor does
not belong to the PEComa family. It is reasonable to consider
cutaneous AML as atrue and pure “ angio-myo-lipoma.”

Future updates of the WHO classification of skintumors should
consider including cutaneous AML asaseparate entity. Finally,
physicians should be aware of the possibility of a cutaneous
AML when presented with a nodular mass in the ear, as
appropriate treatment can provide patientswith completeclinical
resolution.
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PEComa: perivascular epithelioid cell tumor
SMA: smooth muscle actin

TSC: tuberous sclerosis complex

WHO: World Health Organization

https://dermajmir.org/2022/3/e40168 JMIR Dermatol 2022 | vol. 5 | iss. 3 |e40168 | p.174

(page number not for citation purposes)


http://dx.doi.org/10.1007/bf00749680
http://dx.doi.org/10.1038/modpathol.3800572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16528375&dopt=Abstract
http://dx.doi.org/10.1097/01.pas.0000194298.19839.b4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16699313&dopt=Abstract
http://dx.doi.org/10.1053/hupa.2000.18500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11070117&dopt=Abstract
http://dx.doi.org/10.1097/PAS.0b013e318161dc34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18223480&dopt=Abstract
http://dx.doi.org/10.1097/PAS.0b013e3181d90370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20410812&dopt=Abstract
https://meridian.allenpress.com/aplm/article-lookup/doi/10.5858/2007-131-122-DEOMMI
http://dx.doi.org/10.5858/2007-131-122-DEOMMI
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17227112&dopt=Abstract
http://dx.doi.org/10.1097/00000478-199909000-00003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10478660&dopt=Abstract
http://dx.doi.org/10.1111/j.1440-1827.2004.01658.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15189505&dopt=Abstract
http://dx.doi.org/10.1097/00000478-200204000-00012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11914628&dopt=Abstract
http://dx.doi.org/10.1513/pats.200909-104js
https://joi.jlc.jst.go.jp/JST.JSTAGE/internalmedicine/48.2411?from=PubMed
http://dx.doi.org/10.2169/internalmedicine.48.2411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19834275&dopt=Abstract
http://dx.doi.org/10.1097/PAS.0b013e318206f2a9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21263237&dopt=Abstract
https://europepmc.org/abstract/MED/20603402
http://dx.doi.org/10.1259/bjr/19325350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20603402&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DERMATOLOGY Sanchez et al

Edited by R Dellavalle; submitted 09.06.22; peer-reviewed by M Reyes Mugica, R Rodriguez; comments to author 21.08.22; revised
version received 07.09.22; accepted 17.09.22; published 27.09.22.

Please cite as:

Sanchez NG, Avila Romay AA, Martinez Luna E, Padilla Rodriguez AL

Cutaneous Angiomyolipoma—A Distinct Entity That Should Be Separated From Classic Angiomyolipoma: Complete Review of Existing
Cases and Defining Fundamental Features

JMIR Dermatol 2022;5(3):e40168

URL: https://derma.jmir.org/2022/3/e40168

doi:10.2196/40168

PMID: 37632898

©Natalia Gabriela Sanchez, Alfonsina Angelica Avila Romay, Eduwiges Martinez Luna, Alvaro Lezid Padilla Rodriguez.
Originaly published in IMIR Dermatology (http://derma.jmir.org), 27.09.2022. Thisis an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Dermatology, is properly

cited. The complete bibliographicinformation, alink to the original publication on http://derma.,jmir.org, aswell asthis copyright
and license information must be included.

https://dermajmir.org/2022/3/e40168 JMIR Dermatol 2022 | vol. 5 | iss. 3 |e40168 | p.175

(page number not for citation purposes)

RenderX


https://derma.jmir.org/2022/3/e40168
http://dx.doi.org/10.2196/40168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37632898&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

Publisher:

JMIR Publications

130 Queens Quay East.
Toronto, ON, M5A 3Y5
Phone: (+1) 416-583-2040

Email: support@jmir.org

https://www.jmirpublications.com/

RenderX


mailto:support@jmir.org
http://www.w3.org/Style/XSL
http://www.renderx.com/

