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T he quest for strategies and tools that facilitate early de-
tection of melanoma with high sensitivity and speci-
ficity remains a continuing effort. In 2 studies,1,2 20%

to 30% of early melanomas were initially undetected by der-
matologists from academic institutions and practicing derma-
tologists experienced in managing pigmented lesions and fa-
miliar with dermoscopy. The inherent limitations of image
recognition make the visual assessment of pigmented skin le-
sions challenging even for experienced dermatologists, and
tools such as dermoscopy or computer-aided image analysis
of skin lesions can reduce, but not overcome, these inherent
limitations.3

The established standard of care, which is to biopsy most
suspicious lesions, is linked to many surgical biopsies. Vari-
ous studies analyzing the number needed to treat (ie, the num-
ber of surgical biopsies obtained to detect a melanoma) have
reported these values ranging from 8 for experienced dermos-
copy users to 30 or more for other health care professionals.4-6

A highly accurate, simple, noninvasive diagnostic modality is
desired by health care professionals and patients.

A large validation study including a total of 555 patients es-
tablished that a noninvasive diagnostic modality, termed pig-
mented lesion assay (PLA; DermTech, Inc) and based on expres-
sion profiles of the long intergenic non–protein coding RNA 518

IMPORTANCE Expression of long intergenic non–protein coding RNA 518 (LINC00518) and
preferentially expressed antigen in melanoma (PRAME) genes, obtained via noninvasive
adhesive patch biopsy, is a sensitive and specific method for detection of cutaneous
melanoma. However, the utility of this test in biopsy decisions made by dermatologists has
not been evaluated.

OBJECTIVE To determine the utility of the pigmented lesion assay (PLA) for
LINC00518/PRAME expression in decisions to biopsy a series of pigmented skin lesions.

DESIGN, SETTING, AND PARTICIPANTS In this secure web-based, multiple-reader–
multiple-case study, 45 board-certified dermatologists each evaluated 60 clinical and
dermoscopic images of clinically atypical pigmented lesions, first without and then with PLA
gene expression information and were asked whether the lesions should be biopsied. Data
were collected from March 24, 2014, through November 13, 2015.

INTERVENTIONS Participants were given a report for each lesion, which included the results
of an assay for expression of LINC00518/PRAME and a PLA score with data on the predictive
values of the information provided.

MAIN OUTCOMES AND MEASURES Biopsy sensitivity and specificity with vs without PLA data.

RESULTS Forty-five dermatologists (29 male and 16 female) performed the evaluation.
After incorporating the PLA into their decision as to whether to biopsy a pigmented lesion
suggestive of melanoma, dermatologists improved their mean biopsy sensitivity from 95.0%
to 98.6% (P = .01); specificity increased from 32.1% to 56.9% (P < .001) with PLA data.

CONCLUSIONS AND RELEVANCE The noninvasive PLA enables dermatologists to significantly
improve biopsy specificity while maintaining or improving sensitivity. This result may increase
the number of early melanomas biopsied and reduce the number of benign lesions biopsied,
thereby improving patient outcomes and reducing health care costs.
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gene(LINC00518[HGNC28626])andthepreferentiallyexpressed
antigen in melanoma gene (PRAME [HGNC 9336]) in skin tissue
samplesobtainedviaadhesivepatchbiopsies,canaccuratelyclas-
sify pigmented skin lesions with a sensitivity of 92% and a speci-
ficity of 69%.7 Another recent publication also corroborates ana-
lytic validation.8 The present study expands on these findings
and uses a secure web-based, multiple-reader–multiple-case for-
mat to assess clinical utility. We investigate how PLA informa-
tion changes dermatologists’ decisions and decision confidence
to perform an invasive biopsy in difficult-to-diagnose pigmented
lesions to rule out melanoma.

Methods
Study Design, Procedures, Objectives, and Cases
The study was conducted in accordance with the Declaration
of Helsinki principles9 and was administered via a specifi-
cally designed and independently hosted secure web portal.
This study was approved by the Western-Copernicus Group in-
dependent review board, who did not require informed con-
sent for this evaluation of deidentified patient data.

Board-certified dermatologists familiar with pigmented le-
sionmanagementwhoseepigmentedlesioncasesregularlywere
invited to participate. A paired design was chosen. In this design,
each dermatologist reader evaluates all patient and lesion infor-
mation and history, including sex, race, and age; personal his-
tory of melanoma; first-degree relative with melanoma; history
of atypical nevi, basal cell cancer, or squamous cell cancer; more
than 5 severe sunburns before 20 years of age; use of tanning
beds; UV-A or UV-B treatment; 1 to 10, 11 to 50, or 51 or more
moles; Fitzpatrick skin type; location of the lesion; presence of
a new lesion; pain or itching; diameter greater than 6 mm; actual
diameter 1 to 2 mm; evolving lesion; ulceration, weeping, or ooz-
ing; border irregularity; ugly duckling (ie, a pigmented lesion very
different from surrounding pigmented lesions); and patient con-
cern. In addition, close-up, regional, and dermoscopic images
were reviewed twice (initially in round A without and again in
round B with the PLA information). On invitation and before
round B, readers were familiarized with the nature and perfor-
mance characteristics of the PLA and with the information on the
test report. Readers were also reminded that PLA does not work
on mucous membranes, the palms of hands, the soles of feet, or
nails. It should not be used on lesions that are ulcerated or bleed-
ing. The molecular pathologic PLA test report contained gene ex-
pression results as the PLA’s primary information. If LINC00518
and/or PRAME were detected, the test result was positive and
consistent with a gene expression signature seen in more than
90% of melanomas (the reported sensitivity of the PLA based on
the validation cases available at the time of this study was 92%;
the specificity, 64%).

As additional information, an algorithmic PLA score (range,
0-100, with higher scores indicating malignant disease) was
also provided to potentially allow for characterization of the
lesion subtype. The median PLA scores were 78 for invasive
melanomas and melanomas in situ, 41 for atypical nevi, 5 for
conventional nevi, and 16 for other nonmelanoma pig-
mented lesions. Readers were asked to consider clinical vari-

ables and patient history in their decision to perform a surgi-
cal biopsy. Readers were not able to revisit cases after
recommendations for biopsy had been rendered; the order of
cases in round B was scrambled.

Readers were blinded to the histopathologically con-
firmed concordance diagnoses (full concordance among 3 ex-
pert dermatopathologists, including J.H., K.J.B., and P.G.) of
60 lesions, of which 8 were melanomas and 52 were nonmela-
nomas (Table 1), selected from a prospectively collected vali-
dation sample set of 203 cases available at the time of the
study.7 Selection criteria for these 60 samples (number based
on conservative power calculations and the willingness of read-
ers to review them within the specified time frame) included
full histopathologic concordance, availability of images with-
out any patient identifying features, and availability of clini-
cal and dermoscopic images of high quality to allow zooming
into images. These criteria limited the number of melanomas
available at the time of the study to 8.

All melanoma cases included had full histopathologic con-
cordance and gene expression concordance consistent with that
diagnosis, and the sensitivities in the validation and the reader
study were greater than 90% and comparable. Nonmelanoma
cases were also histopathologically concordant and included
cases with target gene expression results representative of the
validated assay (approximately 70%) to minimize bias in assess-
ing the specificity-linked primary study objective. Patient and
lesion information had been obtained using a specifically de-
signedmobiledeviceapp(DermTech,Inc)thatallowedelectronic
data and image capture using iPhones (Apple) and iPhone der-
moscopy lenses (Handyscope). Prospectively determined study
objectives were the assessment of change in physician biopsy
specificity and sensitivity through the availability of PLA infor-
mation and assessment of potential changes in physician con-
fidence in biopsy decisions using a Likert scale of 1 to 5 (1 indi-
cates not confident in my decision; 5, certain that I am correct
about my decision). The study was conducted in 2 phases of 15
and 30 readers; readers in the second phase used a slightly modi-
fied and optimized test report format that did not significantly
influence outcome parameters as assessed by a 2-factor analy-
sis of variance (ANOVA) model. Forty-eight readers participated
inthestudy;45readerscompletedtheevaluationofallcasesfrom
March 24, 2014, through November 13, 2015, and were included

Key Points
Question How does noninvasively obtained gene expression
information change dermatologists’ decisions as to whether to
biopsy primary pigmented lesions suggestive of melanoma?

Findings In this study, 45 dermatologists evaluated 60 clinical
and dermoscopic images of clinically atypical pigmented lesions.
A noninvasive adhesive patch biopsy–based LINC/PRAME gene
expression test (the pigmented lesion assay) improved biopsy
specificity from 32.1% to 56.9% and improved biopsy sensitivity
from 95.0% to 98.6%.

Meaning The noninvasive pigmented lesion assay enables
dermatologists to biopsy fewer benign pigmented skin lesions
while missing fewer melanomas.
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in the analysis. All PLA samples were processed at the Clinical
Laboratory Improvement Amendment–certified and College of
American Pathologists–accredited laboratory of DermTech, Inc.

Statistical Analysis
Power and sample size estimates were performed using the
methods of Obuchowsky10 and Zhou et al.11 The discrete count
data for sensitivity, specificity, and accuracy were assessed
using a χ2 test of proportions. The pseudocontinuous data for
Likert decision confidence ratings were assessed using a paired
t test. Overall agreement among readers was assessed using
the Fleiss κ score. The effects of study phase on the study out-
comes were assessed using a 2-factor ANOVA model that in-
cluded an interaction term. The 2-way ANOVA models used
were aov (specificity, approximately PLA × phase) and aov (sen-
sitivity, approximately PLA × phase). All analyses used R soft-
ware (R Foundation for Statistical Computing).12

Results
Prospective power and sample size estimates for the primary
study objective (to assess the mean change in the participat-
ing dermatologists’ biopsy specificity without vs with PLA re-
sults) determined a power of 1 with as few as 10 readers and
50 nonmelanoma cases at an expected effect difference of 0.3.
A total of 45 readers (29 male and 16 female) completed the
evaluation of 60 pigmented lesions suggestive of melanoma
(8 melanomas and 52 nonmelanomas based on concordance
histopathologic diagnoses) (Table 1) and rendered decisions to
biopsy or not biopsy these lesions to rule out melanoma.

Overall, introduction of the PLA resulted in 581 fewer de-
cisions to biopsy benign lesions of a total 2340 decisions. The
mean biopsy specificity increased from 32.1% without the test
to 56.9% (a 24.8% increase) when the PLA result was in-
cluded in the evaluation. The relative mean change in biopsy
specificity (absolute change divided by pre-PLA specificity) was

77.3%. The difference between readers’ mean pre-PLA and
post-PLA specificity, the primary objective of this study, was
statistically significant (P < .001) (Table 2).

The mean biopsy sensitivity of physician readers without
incorporating the PLA result into their evaluations was 95.0%
(342 correct biopsy decisions of 360 possible decisions; 95%
CI, 92.1%-96.9%). When the PLA result was incorporated, sen-
sitivity increased significantly to 98.6% (355 correct biopsy de-
cisions of 360 possible decisions; P = .01).

To determine the change in physician confidence in
decisions to biopsy without vs with the PLA assay, we used the
Likert scale score described above. The overall mean physi-
cian confidence score in the biopsy decision was 3.1 without
using the PLA and 3.3 using the PLA (P < .001). For benign le-
sions, the mean physician confidence score was 3.0 without
using the PLA and 3.2 using the PLA (P < .001). For malignant
lesions, the mean physician confidence score was 3.6 with-
out using the PLA and 4.3 using the PLA (P < .001).

The Figure reveals the pre-PLA and post-PLA accuracy as-
sessments for each reader. Pre-PLA mean accuracy increased
from 40.4% (95% CI, 38.6%-42.3%) to 62.4% (95% CI, 60.6%-
64.3%) with use of the PLA. This increase was statistically sig-
nificant (P < .001). The maximum accuracy of any reader was
70% without using the PLA. By using the PLA, more than one-
third of readers (17 [38%]) achieved biopsy accuracies greater
than 70%. Overall agreement between readers on whether to
perform an invasive biopsy for an atypical pigmented lesion
to rule out melanoma was low (κ score of 0.214, indicating slight
agreement); it improved in aggregate with the use of PLA in-
formation (κ score of 0.321, indicating fair agreement).

Discussion
The described noninvasive gene expression test enables derma-
tologists to almost double biopsy specificity (from 32.1% to
56.9%;P < .001),theprimarystudyobjective,whilemissingfewer

Table 1. Histopathologic Concordance Diagnoses and PLA Results of 60 Cases Clinically Suggestive
of Melanoma

Histopathologic Concordance Diagnosis
(No. of Lesions)

LINC00518 and
PRAME Detected

LINC00518 Only
Detected

PRAME Only
Detected

Median PLA
Scorea

Melanoma (8)

Invasive (6) 5 1 0 90

In situ (2) 2 0 0 90

Nonmelanoma (52)

Atypical nevus (42) 1 5 0 41

Conventional nevus (2) 0 0 0 5

Other (8)b 0 0 0 16

Abbreviations: LINC00518, long
intergenic non–protein coding RNA
518 gene; PLA, pigmented lesion
assay; PRAME, preferentially
expressed antigen in melanoma gene.
a Scores range from 0 to 100, with

higher scores indicating malignant
disease.

b Includes 5 lentigines and
3 keratoses.

Table 2. Change in Biopsy Specificity by Incorporating PLA Into the Biopsy Decision

Variable

PLA Use

Absolute Changea Relative Changeb P ValueWithout With
Specificity, % 32.1 56.9 +24.8 +77.3 <.001

No. of correct biopsy decisions 750 1331 +581 NA NA

No. of incorrect biopsy decisions 1590 1009 −581 NA NA

Abbreviations: NA, not applicable;
PLA, pigmented lesion assay.
a Indicates the arithmetic difference

between specificity without and
with PLA.

b Indicates the absolute change
divided by the specificity without
PLA.
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melanomas. Confidence in the decision to biopsy was also in-
creased, and 38% of readers reached biopsy accuracies of greater
than 70% when incorporating the PLA into their decision pro-
cess (from 40.4% without the PLA; P < .001).

These findings suggest that providing gene expression in-
formation may lead to a true change in behavior. Of importance,
thischangeinbehaviorimprovedsensitivityandspecificityrather
than achieving a trade-off of high sensitivity at the cost of lower
specificity.13 The trade-off between sensitivity and specificity
is seen in several diagnostic aids currently available or in devel-
opment. For example, the impedance spectroscopy device
Nevisense (Scibase) demonstrated a sensitivity of 96.6% and a
specificity of 34.4% in clinical trials.14 The tradeoff of sensitiv-
ity and specificity is best exemplified by MelaFind (STRATA Skin
Sciences).2 This multispectral imaging device is approved by the
US Food and Drug Administration for the early detection of mela-
noma and provides a lesion score and a recommendation as to
whether a biopsy is indicated. MelaFind has a high sensitivity of
98.3% but a low specificity of 9.9%.2 Furthermore, although der-
matologists using MelaFind had an increase in sensitivity, they
also had a decrease in specificity.15 The specificity numbers and
the nature of the described prebiopsy tools appear to not signifi-
cantly affect the numbers of surgical biopsies performed with the
current standard of care. The 2-gene signature of the PLA differs
from a recently reported more complex algorithmic 23-gene
postbiopsy assay performed on paraffin-embedded tissue also
designed to differentiate melanoma from nonmelanoma
signatures.16 Although the assay described by Clarke and
colleagues16 furthervalidatedthepotentialofquantitativereverse
transcriptase–polymerasechainreactionstrategiesinmelanoma,
it served as an additional adjunctive tool for dermatopathologists
rather than a tool for clinicians.

The 2-gene assay is unique in that it measures lesion bi-
ology rather than visual features of a lesion. A diagnostic para-
digm shift built on prebiopsy tools appears to be highly desir-
able. However, many prebiopsy tools conceptualized to
improve physician performance and guide decisions about
whether to biopsy pigmented lesions suggestive of mela-
noma are subject to limitations of pattern and image recogni-
tion. Such tools include basic dermoscopy, enhanced dermos-
copy with bioinformatics support, and imaging devices such
as MelaFind. The PLA approach is novel in that it gives input
about a lesion based on its gene expression profile rather than
visual features. Evidence is also increasing that the detected
gene expression changes precede morphologic changes (P.G.;
unpublished data from ongoing studies). Although histopatho-
logic evaluation is the current criterion standard for the clini-
cal assessment of unclear pigmented lesions and as a com-
parator for new tools and technologies and was used as
such in this study (requiring full consensus by a panel of 3
dermatopathologists), interobserver variability has been
well documented in the dermatopathology literature to be
considerable.17-19 Farmer et al17 highlighted this issue in a re-
view of 40 malignant and benign pigmented lesions. Diagnos-
tic discordance between 2 or more members of a panel con-
sisting of 8 expert dermatopathologists was observed in 38%
of cases.17 In a large study with 20 pathologists, Brochez et al18

showed an overall sensitivity for melanoma of 87%; the re-
ported sensitivity was significantly lower for thin (Breslow
thickness, <1 mm) than for thicker melanomas (83% vs 97%;
P = .005). Cerroni and colleagues19 described incorrect clas-
sifications of 53% of pigmented lesion cases with a favorable
outcome as malignant and 27% with an unfavorable outcome
as benign. Malvehy and colleagues14 reported a sensitivity of
85% for primary dermatopathologist readers to correctly di-
agnose melanomas using the criterion standard of histopatho-
logic evaluation compared with a consensus diagnosis estab-
lished by a group of 3 to 5 dermatopathology experts. These
numbers are very similar to the 89% sensitivity found when
the performance of primary reader dermatopathologists was
compared with that of a 3-member expert panel who estab-
lished the underlying concordance diagnosis also used for as-
say development.7 In interpreting the potential value of the
noninvasive PLA to clinicians, we might keep in mind that the
91% sensitivity and a negative predictive value of greater than
99% reported on a large validation set of 398 cases appears to
be comparable to or better than what has been reported in the
aforementioned studies.7 Brochez et al18 and Malvehy et al14

report negative predictive values for histopathologic exami-
nation results of 97% and 98%, respectively. The decisions
of health care professionals in dermatology are inherently
linked to a trade-off in which generally a higher sensitivity
is chosen at the cost of a lower specificity.13,15 To most
dermatologists,13,20 a higher rate of potentially avoidable bi-
opsies is still preferable to missing a melanoma. The present
study addressed these issues and revealed that including PLA
data obtained noninvasively from the entire lesion into the bi-
opsy decision process led dermatologists to surgically biopsy
significantly fewer pigmented lesions while missing fewer
melanomas.

Figure. Mean Reader Accuracy With and Without Use of the Pigmented
Lesion Assay (PLA)

100

80

60

40

20

0
Readers

Ac
cu

ra
cy

, %

Phase AA Phase BB

100

80

60

40

20

0
Readers

Ac
cu

ra
cy

, %

Accuracies in phase A (without the PLA) and phase B (with the PLA) are shown.
Each symbol represents the mean accuracy of 1 individual reader for all 60
cases. The mean accuracies of 40.4% (phase A) and 62.4% (phase B) are
indicated by arrows (P < .001).
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Limitations
As with any technology, the test and the reader study format
chosen to get a first understanding of the test’s utility have limi-
tations. Comparable reader studies and study formats, al-
ways inherently linked to limitations and approximations to
real-world observations, have been used to study the utility
of teledermatology to compare the diagnostic performance of
dermatologists and primary care physicians, study the utility
of diagnostic tools, and determine the biopsy sensitivity and
specificity of groups of dermatologists.13,15,21-24 The same limi-
tations appear to apply in our study. Limitations of the test in-
clude that the test does not work on the palms of hands, soles
of feet, mucous membranes, or nails. A cost analysis is not avail-

able at this point, and obtaining the relevant data are a long-
term future objective beyond the scope of the present study.

Conclusions
Although the data obtained support the clinical utility of the
PLA, implications on clinical care will be determined through
increasing adoption of the test. Implications on clinical care
are likely to be primarily influenced by the nature and loca-
tion of the pigmented lesion in question and the need to ob-
tain lesion information beyond clinical or dermatopathology-
based image and pattern recognition.
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NOTABLE NOTES

Tivadar Kosztka Csontváry’s The Old Fisherman—A Remarkable Example
of Photodamaged Skin in Art
Halil Tekiner, PhD; Marianna Karamanou, MD, PhD

Tivadar Kosztka Csontváry (1853-1919) was one of the greatest masters
of Hungarian painting in the early 20th century. As a self-taught artist,
Csontváry created his own style, which is characterized with mystical
symbolism, rich details of landscape surfaces, and unique glowing col-
ors. In his relatively short period of artistic creativity, he painted more
than 100 pictures, among which The Lonely Cedar (1907) is considered
his masterpiece. However, his creative output ended in 1910 when he
was afflicted with mental derangement, possibly owing to a latent but
increasingly disruptive schizophrenia.1,2

Despite being one of his less-known works, The Old Fisherman (circa
1902) is a remarkable example of medical representation in art. This paint-
ing depicts an old fisherman with heavily sun-damaged skin, present-
ing uneven skin pigmentation, deep wrinkles, and solar elastosis lining
his forehead, chest, and hands (Figure).

This condition might presumably be associated with a prolonged
exposure to sunlight and more specifically to UV-A/UV-B—related
photoaging that is very characteristic on face and partially in the upper
chest area. It is especially common for many outdoor professionals with
increasing age and years of occupational exposure to sunlight, such as
fishermen, farmers, and construction workers.

Historically, the effects of sunlight on skin were first reported in
1785 by the Swiss pastor, naturalist, and pioneer of photosynthesis
research, Jean Senebier (1742-1809), who observed that peasants
laboring under the sun had paler skin in the covered areas than in the
exposed ones. If they were exposed to the sun for years, their skin on
the face and hands was becoming thickened and tanned. Almost a
century later, the German dermatologist Paul Gerson Unna, MD (1850-
1929), proved the relationship of sun exposure, skin aging, and skin
cancer from his observations on sailors, and the French dermatologist
William Dubreuilh, MD (1857-1935), established the connection of sun
exposure and skin cancer.3

Csontváry’s The Old Fisherman remains an excellent depiction of a
photodamaged skin associated with outdoor occupation, painted in a
period that dermatologists were starting to study photobiology.
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Figure. The Old Fisherman by Tivadar Kosztka Csontváry

Circa 1902. Oil on canvas. 59.5 × 45.0 cm. Courtesy of the Herman Ottó
Museum, Petró Collection, Miskolc, Hungary.
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