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Abstract

Background In areas without convenient access to dermatology care, primary care providers (PCPs) serve as an important
patient resource for early skin cancer detection. To determine the most effective strategy for skin cancer detection training
in PCPs, we conducted a systematic review of educational interventions and performed a meta-analysis on sensitivity and
specificity outcomes in PCPs.

Objectives To summarize data on skin cancer sensitivity and specificity outcomes for PCP-targeted training programs and
diagnostic algorithms. Our PCP cohort included practicing physicians, trainee physicians, and advanced practice practitioners.
Methods A literature search was performed in MEDLINE, Embase, Web of Science, and the Cochrane Library for relevant
English-language articles published worldwide from 2000 onward. Results were screened for eligibility, and overlapping
datasets were reconciled. Data extracted included the educational intervention, diagnostic algorithm, and outcomes of inter-
est (sensitivity and specificity). Outcomes were pooled across interventions that taught the same diagnostic algorithm. A
bivariate model was fit to compare different interventions/algorithms. This review followed the PRISMA guidelines.
Results In total, 21 articles were included in this review, encompassing over 58,610 assessments of skin lesions by about
1529 participants worldwide. Training programs that implemented the triage-amalgamated dermoscopic algorithm (TADA)
demonstrated high pooled sensitivity (91.7%) and high pooled specificity (81.4%) among PCPs.

Conclusions and Relevance Overall, this systematic review and meta-analysis showed that dermoscopy training in PCPs was
generally associated with gains in skin cancer sensitivity without loss of specificity. Clinically, this correlates with fewer
skin cancers overlooked by PCPs and fewer excisions of benign lesions.

Keywords Systematic literature review - Meta-analysis - Sensitivity - Specificity - Skin cancer - Melanoma - Early
detection - Primary care provider - Advanced practice practitioner - Nurse practitioner - Physician assistant - Skin cancer
education - Skin cancer detection - Skin cancer diagnosis - Secondary prevention
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) . ) cell carcinoma, squamous cell carcinoma) comprises a vast
John P. and Kathrine G. McGovern Medical School, .. . . . e
Houston, TX, USA majority of skin cancer diagnoses with over 5.4 million
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patients, skin cancer places a considerable economic bur-
den on society in terms of healthcare expenditures [4]. In
2011, Americans spent USD $8.1 billion on skin cancer
treatments including ambulatory visits, procedures, inpa-
tient stays, and prescribed medications [4]. Of this sum,
USD $4.8 billion and USD $3.3 billion were attributed to
KC and melanoma treatment, respectively. [4]

As the global incidence of skin cancer continues to
increase [2, 5], the early detection, or secondary preven-
tion, of skin cancer becomes important to efforts seeking
to decrease patient morbidity and mortality, especially
for those with melanoma. If melanoma is diagnosed early
and treated in a timely manner, the 5-year survival rate is
highly favorable, nearing 99% [6]. However, once a mela-
noma metastasizes beyond its site of origin and spreads to
regional lymph nodes (stage III disease) or distant organs
(stage IV disease), the rates decrease to 65% and 25%,
respectively. [6]

While dermatologists are specially trained in skin cancer
detection, many Americans lack timely access to a derma-
tologist for diagnostic skin cancer examinations and proce-
dures. Known barriers to dermatology care include patient
socioeconomic status, race/ethnicity, residence in a rural
county, and insurance type [7, 8]. On the county level, der-
matologists tend to be concentrated in urban counties with
higher median incomes [7]. Only 1 in 10 dermatologists
practice in rural counties, and 88% of rural counties have
0 dermatologists [7]. With respect to race/ethnicity, most
counties with populations reflecting African American, His-
panic, and/or Native American ethnic majorities were also
found to have 0 dermatologists. [7]

Many Americans are thus frequently left without con-
venient access to specialized dermatology care for impor-
tant skin cancer-related services. Patients without access
may suffer delays in diagnosis and treatment, increasing
the risk of disease progression [9]. While virtual solutions
such as teledermatology help improve access [10], patients
still require in-person visits for diagnostic procedures [7].
In these areas, primary care providers (PCPs), who work on
the frontline of healthcare delivery, engage in skin cancer
behavioral diagnosis and management.

However, many PCPs do not receive sufficient training
in skin cancer detection during their post-graduate medical
education [11]. Insufficient training may lead to numerous
skin cancers being inadvertently overlooked or high volumes
of benign skin lesions being needlessly excised [9]. While
diagnosis of melanoma in its earlier stages is associated with
decreased mortality, excision of benign lesions performed in
the course of identifying melanoma not only bears financial
consequences but also contributes to patient morbidity [9].
Undergoing a biopsy procedure and waiting for the pathol-
ogy results may induce a sense of anxiety in patients, and the
procedure itself will invariably result in a physical scar. [9]
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Objectives

For the above reasons, numerous efforts have been devoted
to the development of educational interventions and diag-
nostic aids (e.g., algorithms, mnemonics) that support
sensitive yet specific skin cancer diagnosis by PCPs. To
determine the effectiveness of these initiatives, we con-
ducted a systematic review and quantitative synthesis of
skin cancer educational interventions and diagnostic algo-
rithms evaluated in PCP populations.

Our review comprised articles published between Janu-
ary 2000 and June 2021, and our PCP educational cohort
included practicing physicians, trainee physicians, and
advanced practice practitioners (APPs). We analyzed their
skin cancer sensitivity and specificity outcomes through
a meta-analysis. By comparing these key learning out-
comes across multiple studies, this review will inform the
future development of PCP-targeted programs seeking to
adopt evidence-based approaches for skin cancer detec-
tion training.

Methods

This review was conducted in accordance with the
PRISMA (preferred reporting items for systematic reviews
and meta-analyses) guidelines. [12]

Eligibility Criteria

The inclusion and exclusion criteria for this review are listed
in Online Resource 1. Studies deemed eligible for inclu-
sion evaluated skin cancer detection training programs or
diagnostic algorithms in PCPs. Eligible studies measured
the effectiveness of the particular program/algorithm in
terms of sensitivity and specificity for skin cancer diagnosis,
including melanoma diagnosis. Studies that did not explic-
itly report these outcomes but provided sufficient data for
calculations by the research team were included. All studies
that involved technology deemed inaccessible to most PCPs
or assessed computer-aided diagnosis were excluded.

For our population of interest, primary care physicians
were defined as MDs or DOs practicing in family medicine,
internal medicine, medicine/pediatrics, or obstetrics/gyne-
cology. Studies that involved PCP trainees and/or APPs, such
as nurse practitioners (NPs) or physician assistants (PAs), in
the educational cohort were included. Studies that involved
majority (>50%) non-PCPs (e.g., dermatology physicians/
trainees, medical students, laypeople) without segregation of
data between PCP and non-PCP participants were excluded.
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Data Sources

A medical research librarian (D.P.F.) searched MEDLINE
(Ovid), Embase (Ovid), Web of Science (Clarivate), and the
Cochrane Library (Wiley) for relevant articles published
from January 1, 2000, to June 22, 2021. For each database,
the librarian developed and tailored a search strategy in
consultation with the research team and selected controlled
vocabulary (MeSH and Emtree) and natural language terms
for the concepts of melanoma, dermoscopy, and diagnostic
algorithm. The search strategy implemented for each data-
base is shown in Online Resource 2.

Searches were limited to the English language, but no
other limiters or published search filters were used. Grey
literature (e.g., conference proceedings, dissertations,
reports, unpublished data) were included in addition to

peer-reviewed articles. Previous review articles related to
PCP-targeted training programs on skin cancer detection
were excluded from data analysis but were closely exam-
ined by the team to identify relevant manuscripts not found
during the search process. EndNote X9 (Clarivate) was used
to deduplicate search results, and all unique records were
identified and uploaded to Rayyan, a web-based software
developed to help filter and manage search results. [13]

Study Selection

Two authors (T. T. and N. G.) independently reviewed all
results generated from the search process for study eligibil-
ity, as depicted in the PRISMA flow diagram in Fig. 1. Titles
and abstracts were screened using Rayyan [13]. For studies
that passed the initial screening, full-text manuscripts were

g 1699 records identified 22 additional records
= Bingtigk MECLINE, identified through other
o Embase, Web of Science, sources
= and the Cochrane Library
c
[
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»| 557 duplicates
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' 1164 titles and abstracts
g screened
& »| 1124 articles
excluded

Y
> 40 full-text articles 9 no d 19 art.llclbelzs e)((jcluded:
= assessed for eligibility # 0 CAiR avasie o dEtermine
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) 4. no educational intervention or
ﬁ diagnostic algorithm

3: overlapping datasets
2: large proportion (>40%) non-PCPs
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21 studies '_”C|Ud_9d In 1: all non-PCPs (i.e., medical students)
~ systematic review
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Fig.1 PRISMA flow diagram of the study selection process. Abbreviations: PRISMA, preferred reporting items for systematic reviews and
meta-analyses; MEDLINE Medical Literature Analysis and Retrieval System Online; PCP, primary care provider
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retrieved and independently assessed for eligibility. A third
author (K. C. N.) provided the final decision in the event of
disagreement.

Data Extraction

For articles deemed appropriate for inclusion, two authors
(T. T. and N. G.) independently reviewed the full-text manu-
scripts plus any supplemental materials and independently
extracted data. Data extracted included characterization of
the educational cohort, educational intervention, and diag-
nostic algorithm (if applicable) as well as reported outcome
measures. Studies that randomized participants to different
educational exposures were treated as separate educational
cohorts per their allocation.

The primary outcomes of interest were sensitivity (pro-
portion of malignant skin lesions correctly diagnosed) and
specificity (proportion of benign skin lesions correctly
diagnosed). Related outcomes of interest included the total
number of true positives (TP, number of malignant lesions
correctly classified as malignant by the participant), false
negatives (FN, number of malignant lesions incorrectly
classified as benign), true negatives (TN, number of benign
lesions correctly classified as benign), and false positives
(FP, number of benign lesions incorrectly classified as
malignant). If these values were not reported, the research
team made reasonable efforts to calculate them using avail-
able published data. All calculations performed by the
research team are shown in Online Resource 3. In some
cases, values were extrapolated from graphical displays or
obtained from correspondence with original investigators.

Data Analysis

To compare outcomes across multiple educational interven-
tions and diagnostic algorithms, a meta-analysis was per-
formed by a biostatistician (R. L.B.). For the purposes of this
study, dermoscopic and clinical interventions were consid-
ered separately. Dermoscopic interventions trained partici-
pants in the use of dermoscopy for skin cancer diagnosis,
whereas clinical interventions taught skin cancer diagnosis
using the naked eye.

Data was aggregated across interventions by diagnostic
algorithm. Pooled sensitivity and specificity outcomes were
estimated using a bivariate linear mixed model with known
variances of random effects, and variance components were
estimated using restricted maximum likelihood [14]. For
studies that provided both pre- and post-intervention data,
odds ratios (ORs) were calculated and visualized using for-
est plots. The post-intervention datasets used for the meta-
analyses have been made available in Online Resource 4.
Statistical analysis and figure production were performed
using the statistical software R (Version 4.1.1).
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Results

The literature search retrieved a total of 1699 records (MED-
LINE, n=403; Embase, n=632; Web of Science, n=631;
and the Cochrane Library, n=33). The team also identified
22 additional records for screening from reference lists [15,
16]. Following de-duplication, 1164 unique records were
identified and screened for eligibility (Fig. 1). In the initial
round of screening, 1124 records were excluded based on
their titles/abstracts, leaving 40 manuscripts for full-text
review. Another 19 articles were then excluded for reasons
listed in the PRISMA flow diagram (Fig. 1), the most com-
mon being insufficient reporting of the outcomes of interest
without means for calculations by the team. For articles with
overlapping datasets, the most recently published dataset was
favored for inclusion. Ultimately, 21 articles were selected
for inclusion in the quantitative synthesis and meta-analysis
[17-37]. All the included articles were peer-reviewed pub-
lications. While grey literature were included in the search
and selection process, none was eventually included in the
quantitative synthesis or meta-analysis.

Study Designs

An overview of the 21 included articles is provided in
Table 1 (dermoscopic interventions) and Table 2 (clini-
cal interventions). The following study designs are repre-
sented in this review: 3 randomized controlled trials (RCTs)
[18-20], 1 prospective cohort study [29], and 17 prospective
cross-sectional studies. [17, 21-28, 30-37]

Study Populations

This review encompassed studies from 12 different coun-
tries: Australia [17, 20], Belgium [28, 34], Canada [24],
Colombia [25], Ireland [31], Italy [18, 33], the Netherlands
[19, 27], Serbia [26], Spain [18], Switzerland [32], the UK
[35], and the USA [21-23, 29, 30, 36, 37]. All articles in this
review recruited practicing PCPs. Five included APPs, such
as NPs [17, 22, 29, 30, 37] and PAs [22], with one of these
comprising only NPs [37]. Three included PCP trainees [27,
28, 31] with two of these comprising only PCP trainees [27,
31]. Three also included minority (<50%) non-PCPs (e.g.,
general surgeons, plastic surgeons) in the educational cohort.
[26, 30, 36]

Educational Interventions

To improve diagnostic accuracy by PCPs, many interven-
tions taught skin cancer detection with a dermoscopy train-
ing component [17-27]. In terms of delivery method, most
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interventions evaluated this review provided live/synchro-
nous instruction with the exception of three that provided
web-based/asynchronous instruction only [29, 30, 36].
Of these three, two utilized an online curriculum called
INFORMED (INternet curriculum FOR Melanoma Early
Detection) that was rigorously designed to improve the skin
cancer diagnostic skills of PCPs but is no longer available.
[29, 30]

Diagnostic Algorithms

For skin cancer diagnosis, diagnostic algorithms refer to
mnemonic aids that may be used during the evaluation of
concerning skin lesions. These algorithms tend to empha-
size the most salient diagnostic features. Clinical algorithms
identified in this review included the ABCD(E) algorithm
[18, 26, 28, 29] and the ugly duckling sign [28, 29]. Since
these algorithms are commonly taught in medical educa-
tion, it is likely that most training programs included some
mention of ABCD(E) and the ugly duckling sign even if
not explicitly stated. Dermoscopic algorithms identified in
this review included the 3-point checklist [17, 18], 7-point
checklist [19], BLINCK algorithm [17], Menzies method
[17, 20], and triage amalgamated dermoscopic algorithm
(TADA) [21-24]. Each algorithm/method is described in
further detail in Online Resource 5. In addition to dermo-
scopic patterns and features, BLINCK also considered find-
ings from the patient’s history and clinical examination (e.g.,
whether the spot is different from others, the patient’s degree
of concern). [17]

Sensitivity and Specificity

In sum, this review encompassed over 58,610 assessments
of skin lesions by about 1529 PCPs worldwide. Pooled sen-
sitivity analyses relied on the total number of TP and FN
across all participants for a given diagnostic algorithm, and
pooled specificity on the total number of TN and FP. Pooled
analyses results for both the dermoscopic and clinical inter-
ventions can be found in Online Resource 6.

Among the dermoscopic interventions, TADA was
found to exhibit a high pooled sensitivity (91.7%) and high
pooled specificity (81.5%) on over 10,800 total skin lesion
assessments by 278 participants including NPs and PAs. In
addition, the dermoscopy training programs developed by
Bandic et al. [26] (121 skin lesion assessments by five par-
ticipants including two general surgeons) and De Bedout
et al. [25] (952 skin lesion assessments by 21 rural PCPs)
had relatively high post-intervention sensitivity (89.1% and
83.8%, respectively) and specificity (92.0% and 77.9%,
respectively).

Among the clinical interventions, those developed by Oli-
veria et al. [37], Orfaly et al. [30], and Harris et al. [36] all

demonstrated sensitivity outcomes exceeding 90% (100%,
93.3%, and 91.0%, respectively). Of these three, the Orfaly
et al. [30] and Harris et al. [36] interventions also exhibited
high specificity (84.6% and 89.0%, respectively), while the
Oliveria et al. [37] intervention exhibited a lower specificity
(73.7%). Of note, the Orfaly et al. [30] intervention utilized
the INFORMED curriculum.

Relevant outcomes of studies reporting both pre- and
post-intervention data were visualized using forest plots.
Figure 2 displays pre- vs. post-intervention data for der-
moscopic interventions in terms of ORs. A positive OR
suggests that outcomes favor the post-intervention condi-
tion, whereas a negative OR suggests the contrary. Educa-
tional cohorts that used TADA demonstrated improvement
in sensitivity for skin cancer on post-intervention assess-
ments compared to baseline [21, 22, 24]. Among the TADA
interventions, specificity for skin cancer either remained the
same [24] or increased [21, 24]. The clinical interventions
evaluated in this review also generally resulted in improve-
ments in sensitivity for skin cancer without significant loss
of specificity. Forest plots for the clinical interventions are
displayed in Online Resource 7.

Discussion

In regions with limited access to specialized dermatology
care, PCPs engage in skin cancer detection, diagnosis, and
management [38], but there is currently no standardized cur-
riculum available to PCPs that teach early skin cancer detec-
tion [16]. The potential negative consequences of insufficient
training—whether overlooking skin cancers or needlessly
excising benign lesions—highlight the need for evidence-
based programs designed to improve skin cancer diagnosis
by PCPs [9]. To determine the most effective strategy for
skin cancer education in PCPs, we conducted a systematic
review of educational interventions and diagnostic aids
evaluated in cohorts with over a majority (>60%) PCPs.
We determined the effectiveness of a particular curriculum/
algorithm using participants’ post-intervention sensitivity
and specificity outcomes. To our knowledge, this is the first
meta-analysis of sensitivity and specific outcomes for PCP-
targeted training programs on skin cancer detection.

In this review, we identified several interventions that
resulted in relatively high (> 70%) sensitivity and specific-
ity for skin cancer in PCPs [18, 21-26, 28, 30, 33, 34, 36,
37]. However, our analyses were complicated by hetero-
geneity in some educational cohorts. PCPs overall differed
in terms of their career stage (e.g., trainee vs. attending
physician), specialty (e.g., family medicine vs. internal
medicine), years of experience evaluating skin lesions,
and previous skin cancer detection or dermoscopy training
[21]. Some educational cohorts also included non-PCPs
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Article

Diagnostic Algorithm or Method

Odds Ratio [95% CI]

Westerhoff et al, 2000,
Australia

Seiverling et al, 2021,
USA TADA

Susong et al, 2020,
USA TADA

Sawyers et al, 2020, TADA
Canada (Step 1)
De Bedout et al, 2021, De Bedout et al

Colombia

—a— Sensitivity
—a— Specificity

Menzies method

educational intervention

1.31[1.19, 1.45]

——
1.04 [0.94, 1.16]
- 1.23[1.10, 1.38]
—w  1.41[1.26,1.58]
: —8— 1.36 [1.22, 1.53]
- 0.97 [0.88, 1.08]
R 1.21[1.05, 1.40]
P 1171, 1.36]
N 1.33[1.10, 1.60]
L . 127[1.05155]
T T
09 1.1 1.3 1.5

Favors Pre-Intervention < —> Favors Post-Intervention

Fig.2 Forest plot of pre- vs. post-intervention sensitivity and specificity outcomes for dermoscopic educational interventions. Abbreviations:

TADA, triage amalgamated dermoscopic algorithm

[23, 26, 30, 36]. Two interventions, in particular, included
a number of dermatologists in their cohorts without segre-
gation of data: the Orfaly et al. intervention [30] with <5
(£12.5%) dermatologists and the Harris et al. intervention
[36] with 8 (2.3%) dermatologists. These two interventions
were included in data analysis owing to the relatively small
number of dermatologists in each cohort, but the presence
of the dermatologists’ data may have positively skewed
educational outcomes.

Of the 21 interventions included in this review, 52.4%
(11/21) provided dermoscopy training, or instruction in the
use of a dermatoscope (a non-invasive visualization tool) for
skin examinations. With appropriate training, the use of der-
moscopy in evaluating suspicious skin lesions improves the
ability of PCPs to accurately diagnose and appropriately tri-
age patients [39, 40]. Ongoing efforts are seeking to develop
consensus-based proficiency standards for dermoscopy that
are specific to the practice needs of PCPs.

@ Springer

In evaluating the effectiveness of a particular curricu-
lum/algorithm, it is important to consider its sensitivity
or specificity for skin cancer given the clinical relevance
of these measures. While auditing participants’ real-world
clinical assessments of skin lesions would constitute best
practice, educational outcomes are often evaluated using
assessments containing clinical and/or dermoscopic images
of skin lesions. In this review, only three (14.3%) studies
used participants’ in-person evaluations of suspicious skin
lesions in real-life clinical practice [18, 19, 26], and the
remainder used sets of clinical and/or dermoscopic images.
Ideally, image sets used in these assessments would undergo
formal validation by a panel of experts who determine
whether images are of appropriate quality for PCP learners
and whether image sets are of similar difficulty. Otherwise,
lesions later deemed “problematic” may complicate analy-
ses, as was the case for one article [36]. Classification of
benign and malignant diagnoses on these assessments should
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also be consistent, especially for suspicious or borderline
lesions (e.g., squamous cell carcinoma in situ, keratoacan-
thoma, actinic keratosis, dysplastic nevus).

Study Limitations

Our meta-analysis was limited by the number of articles pro-
viding enough data to calculate TP, FN, TN, and FP across
all participants. In this review, many of these values were
estimated based on the reported number of participants,
number of test items, and percentage of malignant and
benign lesions diagnosed correctly. However, some par-
ticipants may have submitted incomplete assessments with
missing answers, so TP, FN, TN, and FP may be slightly
overestimated for some studies. In addition, this review
only included articles published in the English language and
may have missed reports of educational interventions and/
or diagnostic algorithms published in other languages. Rel-
evant articles of interest may have also been inadvertently
overlooked during the screening process.

Conclusions

While PCPs play an important role in skin cancer detec-
tion in underserved areas, they may require additional train-
ing to accurately diagnose and appropriately manage skin
cancer. To determine the effectiveness of different training
programs, it is important to evaluate participants’ diagnostic
performance in terms of sensitivity and specificity. How-
ever, this review identified relatively few PCP-targeted skin
cancer educational interventions reporting these clinically
relevant outcomes. To support further rigorous investiga-
tions of cancer detection education for PCPs, future studies
should utilize validated instruments with a sufficient number
of test items and segregate outcomes data between PCPs
and non-PCPs. Among the training programs evaluated in
this review, those that implemented TADA were found to
demonstrate high sensitivity and specificity for skin cancer
among PCP participants.
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