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IMPORTANCE Use of digital whole-slide imaging (WSI) for dermatopathology in general has
been noted to be similar to traditional microscopy (TM); however, concern has been noted
that WSI is inferior for interpretation of melanocytic lesions. Since approximately 1 of every 4
skin biopsies is of a melanocytic lesion, the use of WSI requires verification before use in
clinical practice.

OBJECTIVE To compare pathologists’ accuracy and reproducibility in diagnosing melanocytic
lesions using Melanocytic Pathology Assessment Tool and Hierarchy for Diagnosis
(MPATH-Dx) categories when analyzing by TM vs WSI.

DESIGN, SETTING, AND PARTICIPANTS A total of 87 pathologists in community-based and
academic settings from 10 US states were randomized with stratification based on clinical
experience to interpret in TM format 180 skin biopsy cases of melanocytic lesions, including
90 invasive melanoma, divided into 5 sets of 36 cases (phase 1). The pathologists were then
randomized via stratified permuted block randomization with block size 2 to interpret cases
in either TM (n = 46) or WSI format (n = 41), with each pathologist interpreting the same 36
cases on 2 separate occasions (phase 2). Diagnoses were categorized as MPATH-Dx
categories I through V, with I indicating the least severe and V the most severe.

MAIN OUTCOMES AND MEASURES Accuracy with respect to a consensus reference diagnosis
and the reproducibility of repeated interpretations of the same cases.

RESULTS Of the 87 pathologists in the study, 46% (40) were women and the mean (SD) age
was 50.7 (10.2) years. Except for class III melanocytic lesions, the diagnostic categories
showed no significant differences in diagnostic accuracy between TM and WSI interpretation.
Discordance was lower among class III lesions for the TM interpretation arm (51%; 95% CI,
46%-57%) than for the WSI arm (61%; 95% CI, 53%-69%) (P = .05). This difference is likely
to have clinical significance, because 6% of TM vs 11% of WSI class III lesions were interpreted
as invasive melanoma. Reproducibility was similar between the traditional and digital formats
overall (66.4%; 95% CI, 63.3%-69.3%; and 62.7%; 95% CI, 59.5%-65.7%, respectively), and
for all classes, although class III showed a nonsignificant lower intraobserver agreement for
digital. Significantly more mitotic figures were detected with TM compared with WSI: mean
(SD) TM, 6.72 (2.89); WSI, 5.84 (2.56); P = .002.

CONCLUSIONS AND RELEVANCE Interpretive accuracy for melanocytic lesions was similar for
WSI and TM slides except for class III lesions. We found no clinically meaningful differences in
reproducibility for any of the diagnostic classes.
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D igital whole-slide imaging (WSI) has only very re-
cently been approved by the US Food and Drug Ad-
ministration (FDA) for primary diagnosis in 1 system

(ie, Philips).1 Prior to FDA approval, use of WSI in the
United States was growing rapidly for other clinical and edu-
cational purposes.2,3 Internationally, guidelines that provide
technical specifications on WSI and other elements of digital
pathology have been published by professional groups from
the United States, Canada, Europe, and Australia.4-6 Adop-
tion of WSI for primary interpretation is contingent on tech-
nical needs, regulatory policies, and digital pathology work-
flow processes, as well as evidence demonstrating comparable
interpretive performance between traditional microscopy (TM)
and digital images, particularly for specific tissue types.

Evidence that WSI is as accurate as TM is beginning to accu-
mulatebutisstill limited.Whileseveralpublishedstudiesstrongly
suggest that WSI interpretation is comparable to TM,7-9 this ef-
fect has not been consistently observed.10 The majority of these
studies reported comparable accuracy, but the need for subspe-
cialty studies is crucial to fill substantial gaps in evidence. One
large study reported equivalent diagnostic accuracy for TM and
WSI; however, dermatopathology was only 1 of the 10 subspecial-
ties studied, and clinically significant discordance between TM
and WSI formats was found for 2 cases of melanoma.7

Dermatopathology can present unique challenges to patho-
logical assessment, such as ascertainment of cytonuclear char-
acteristics and mitotic figures. Although a recent study reported
similar diagnostic accuracy of WSI compared with TM in the
interpretation of skin biopsies, of concern was the finding that
interpretation of melanocytic lesions were substantially less ac-
curate when performed in the digital WSI format.11 Of note, this
important study was not designed to specifically address WSI ac-
curacy for interpretation of melanocytic lesions. Discordance in
TMofthischallenginggroupisbroadlyrecognized,12 makingsuch
investigation difficult. Given that melanocytic lesions represent
about 1 of every 4 skin biopsies,13 this topic is especially relevant
to clinical practice and the field of dermatology.

Accurate pathologic diagnosis is critical for staging, prog-
nosis, and management. Thus, as WSI use continues to ex-
pand, particularly for primary diagnostic interpretation, data on
validation studies of WSI compared with TM specific to
melanocytic lesions are needed.

We compare TM vs WSI diagnoses focused directly on the
clinical issue of melanocytic lesions, and present results of a
study that compared the interpretive accuracy and reproduc-
ibility of diagnoses by pathologists viewing melanocytic skin le-
sions in both WSI and TM. Both accuracy (defined as agree-
ment with a reference consensus diagnosis) and reproducibility
(intraobserver concordance) were analyzed to determine if dif-
ferences were evident. We investigated whether major clinical
discrepancies were noted between the 2 interpretive tech-
niques based on accuracy.

Methods
All procedures were compliant with the Health Insurance and
Accountability Act and approved by the institutional review

boards of the University of Washington, Fred Hutchinson Can-
cer Research Center, Oregon Health & Science University, Rhode
Island Hospital, and Dartmouth College. Participating patholo-
gists provided written informed consent.

Biopsy Case Development
Skin biopsy case development and melanoma pathology study
design have been previously described.14,15 Briefly, 240 skin
biopsy specimens were randomly selected from Dermatopa-
thology Northwest, the largest physician-owned dermatopa-
thology practice in the Northwest with 6 board-certified der-
matopathologists, in Bellevue, Washington. Each case was of
a melanocytic lesion and included standardized data on the
patient’s age at biopsy, biopsy location, and biopsy type. Cases
were selected with stratification based on patient age
(20-49 years, 50-64 years, or ≥65 years) and medical record
documentation of the original diagnosis. The 240 cases were
used to assemble 5 equivalent sets of 48 cases for the larger
melanoma pathology study.14,15 For the purposes of this study,
a smaller subset of 36 cases from each of the 5 sets was used,
for a total of 180 cases.

Each TM slide was scanned using a Hamamatsu
NanoZoomer 2.0-RS digital slide scanner in magnifica-
tion × 40 high-resolution mode. A technician and an experi-
enced dermatopathologist reviewed each digital image,
rescanning as needed to obtain the highest quality. A custom
online digital slide viewer was built using HD View SL,
Microsoft’s open source Silverlight gigapixel image viewer. A
full description of HD View SL is available at http://hdviewsl
.codeplex.com/. The viewer, like popular online mapping ap-
plications and industry-sponsored WSI viewers, allowed pa-
thologists to pan the image and zoom (up to 40 times the actual
scanned magnification with additional digital magnification
for a final maximum magnification of × 60). Additional tools
were available for measuring lesion size and counting mitotic
figures.

Determination of Reference Standard
Three experienced dermatopathologists developed a refer-
ence interpretation, defined as complete agreement among the
3 dermatopathologists, through a consensus process for each
case in TM format using standardized Melanocytic Pathology
Assessment Tool and Hierarchy for Diagnosis (MPATH-Dx)

Key Points
Question Are pathologists’ diagnoses of melanocytic lesions as
accurate and reproducible when using digital whole-slide imaging
(WSI) vs traditional microscopy (TM)?

Findings This study surveyed 87 pathologists randomized with
stratification based on clinical experience to compare digital WSI
with TM to diagnose melanocytic lesions. Interpretive accuracy for
melanocytic lesions was similar for digital WSI and TM.

Meaning These results add to the growing evidence of accuracy
and reproducibility of WSI interpretation compared with TM and
support the US Food and Drug Administration’s recent approval of
WSI for primary diagnosis.
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categories.14 The 180 cases had intentionally higher propor-
tions in MPATH-Dx classes II through V than typically encoun-
tered in practice: 8.3%, class I; 16.7%, class II; 25.0%, class III;
25.0%, class IV; and 25.0%, class V. We present all data in com-
parison with the TM slide reference diagnoses. The MPATH-Dx
diagnostic classes have been described in detail in prior work.15

Briefly, MPATH-Dx class I indicates nevus/mild atypia (no fur-
ther treatment required); class II indicates moderate atypia/
dysplasia (consider narrow but complete excision margin
<5 mm); class III indicates severe dysplasia/melanoma in situ
(excision with 5-mm margins); class IV indicates stage pT1a in-
vasive melanoma (wide excision ≥1-cm margin); and class V
indicates stage pT1b or higher invasive melanoma (wide exci-
sion ≥1 cm with possible additional treatment). These ex-
amples are not inclusive of the many terms that can be used
in diagnosis of melanocytic lesions and are subject to further
development and revision by consensus groups.

Pathologist Recruitment, Selection,
and Baseline Data Collection
Study pathologists were recruited from 10 US states
(California, Connecticut, Hawaii, Iowa, Kentucky, Louisiana,
New Jersey, New Mexico, Utah, and Washington), had com-
pleted residency and/or fellowship training, had interpreted
skin specimens (including melanocytic skin lesions) for at least
1 year in their clinical practices, and intended to continue in-
terpreting skin specimens (including melanocytic skin le-
sions) for at least 1 year. Pathologists were invited to partici-
pate via email(s), subsequent mailed invitations, and telephone
calls. After enrolling, pathologists completed a demographic
and practice characteristic survey.

Biopsy Case Interpretations
The biopsy case interpretations were analyzed in 2 phases. In
phase 1, pathologists were randomly assigned to 1 of 5 sets of
36 cases, with randomization stratified by clinical expertise and
based on possession of 1 or more of the following character-
istics from the self-reported survey: fellowship trained or board
certified in dermatopathology, considered by colleagues to be
an expert in melanocytic lesions, or 10% or more of usual case-
load included cutaneous melanocytic lesions.12 Participants
were told that the cases in phase 1 were not representative of
clinical practice in terms of prevalence of particular diagno-
ses. All phase 1 interpretations were obtained in TM-slide for-
mat, with the same TM slide interpreted for each case.

After a washout period of at least 8 months, in which pa-
thologists continued in clinical practice but had no study-
related activities, the pathologists were invited to continue in-
terpreting cases in phase 2 of the study. Pathologists were
invited at this time to volunteer for the study of digital vs tra-
ditional interpretations. Pathologists volunteering for the digi-
tal vs traditional study were randomly assigned to interpre-
tive method in phase 2 (36 traditional slides vs 36 digital slides).
This randomization to interpretive method was performed with
stratification based on clinical expertise (eFigure 1 in the
Supplement). The phase 2 participant allocation to TM or WSI
used a stratified permuted block randomization with block size
2. There were 10 strata defined by the 5 slide sets, as well as

by expertise. Regardless of interpretive method, pathologists
were scheduled for interpretations at a mutually convenient
time and were given 1 week to complete interpretations.

The pathologists interpreted the same cases in both phases;
however, the cases were randomly reordered for each partici-
pant and also for each phase. The participants were not in-
formed that the cases in phase 2 were a subset of the same,
but fewer, reordered cases that they had already interpreted
in phase 1. The pathologists used a web-based form to docu-
ment interpretations and used their own microscopes, com-
puters, and monitors for this activity. They received up to
20 hours of category 1 continuing medical education credits
after participating in the interpretation and subsequent edu-
cational program.

Statistical Analyses
We calculated case discordance rates with the consensus ref-
erence diagnoses as a measure of accuracy for interpreta-
tions. Tests for discordance rates and confidence intervals
(CIs) accounted for both within- and between-participant
variability by using variance estimates of the form (Var-
RateP + [AvgRateP × (1−AvgRateP)]/nc)/np, where VarRateP
is the sample variance among pathologists, AvgRateP is the
average rate among pathologists, nc is the number of cases
interpreted by each pathologist, and np is the number of
pathologists. Pathologist characteristics (eg, expertise, digi-
tal experience) as possible confounders were examined. We
used logistic regression to examine if the accuracy of TM vs
digital WSI format remained after adjusting for pathologist
characteristics.

To assess reproducibility, pathologists’ interpretations in
phase 2 were compared with their interpretations of the same
cases in phase 1. All participants interpreted TM format slides
in phase 1. Thus, the relevant reproducibility comparison was
between participants who were randomized to interpret TM
slides in both phases and those who differentially inter-
preted TM slides in phase 1 and WSI in phase 2. This study de-
sign element is important given the extent of intraobserver vari-
ability noted when both interpretations were in the TM slide
method. We considered 3 comparisons to represent clinically
significant differences, based on the likely change in case man-
agement and/or outcomes: (1) notable difference between class
III compared with class I, IV, or V; (2) notable difference be-
tween class IV and any other class; and (3) notable difference
between class V and any other class. Agreement rates and CIs
were based on logit models using a robust estimator of the vari-
ance to account for correlation of case interpretations from the
same pathologist. Hypothesis tests were based on Wald tests
of logit model coefficients distinguishing between interpre-
tations made on different combinations of diagnostic
formats.

Participants recorded several measures of diagnostic cer-
tainty for each assessment, including ratings of diagnostic dif-
ficulty and assessment confidence, and also noted if a second
opinion was desired and if an assessment was considered bor-
derline between 2 diagnoses. Differences in these measures be-
tween TM and digital WSI interpretations were examined with
logistic regression models.
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We also examined mitotic rate and Breslow depth for cases
by traditional and digital format interpretation. These com-
parisons were performed in cases with a consensus reference
diagnosis of invasive melanoma and when participants diag-
nosed the case as invasive melanoma, because in all of these
cases the pathologists provided data on mitotic rate and
Breslow depth. The nonparametric Wilcoxon signed-rank test
was used to test for differences in mitotic rate, and the paired
t test was used for Breslow depth.

The study design and analysis meets or exceeds the guide-
lines set forth by the College of American Pathologists to vali-
date the diagnostic use of digital WSI.16-18

Results
Eighty-seven pathologists (46 assigned to TM and 41 to WSI)
agreed to participate in the randomized study and completed
their interpretations. Although randomization was stratified
on a composite measure of participant expertise, and the re-
sulting proportion of experts defined in this way was reason-

ably similar across arms (70% in the TM arm [n = 32], 63% in
the WSI arm [n = 26]), there was some imbalance in indi-
vidual measures of expertise. In particular, pathologists ran-
domized to TM included a higher proportion of those with der-
matopathology board certification or fellowship training
(24 [52%] vs 14 [34%]) and a higher proportion of those who
considered themselves to be experts in the eyes of their peers
(28 [61%] vs 14 [34%]) (Table 1).

We found no significant differences between the accu-
racy of interpretations in traditional vs digital format across
the 5 MPATH-Dx diagnostic categories, with the exception
of class III lesions. It was reassuring that the discordance
rates were the same for all high-stage invasive melanoma
cases (MPATH-Dx class V, defined as T1b or higher stage) for
both interpretive formats (Figure 1 and Table 2). Diagnostic
errors (ie, discordance with the reference) were lower
among class III lesions for the TM interpretation arm (51%;
95% CI, 46%-57%) than for the WSI arm (61%; 95% CI,
53%-69%) (P = .05). Specifically, for cases with a class III
reference diagnosis (eg, melanoma in situ), we found that in
the TM format, 5.8% (24/414) of the interpretations given by
participants were upgraded to class IV or V (ie, invasive
melanoma); when these same cases were interpreted in the
digital WSI format, 10.6% (39/369) of the interpretations
were upgraded to invasive melanoma (Table 2). Given that
class III lesions do not represent invasive melanoma, while
classes IV and V do, we defined this upgrading as a major
clinical discrepancy because patient care and possibly out-
comes would be different. A model for the effect of TM for-
mat relative to WSI on accuracy across all 5 MPATH-Dx
diagnostic classes yields an odds ratio (OR) of 1.12 (95% CI,
0.92-1.37; P = .27). Adjusting for dermatopathology board
certification and/or fellowship training reduced the esti-
mated OR to 1.04 (95% CI, 0.87-1.25; P = .64).

Overall, intraobserver agreement was slightly higher but not
significantly different when the cases were interpreted in TM
format in both phases (66.9%; 95% CI, 65.1%-68.6%) vs when

Table 1. Characteristics of Study Pathologists Randomized to TM or WSI
for Interpretation of Melanocytic Lesions

Characteristic

Pathologists, No. (%)
(N = 87)

Digital WSI Glass
Overall 41 46

Age, y

<40 7 (17) 8 (17)

40-49 10 (24) 19 (41)

50-59 15 (37) 15 (33)

≥60 9 (22) 4 (9)

Sex

Female 22 (54) 18 (39)

Male 19 (46) 28 (61)

Affiliation with academic medical center

No 28 (68) 35 (76)

Yes 13 (32) 11 (24)

Board certified or fellowship trained in
dermatopathologya

No 27 (66) 22 (48)

Yes 14 (34) 24 (52)

Years interpreting melanocytic skin lesions

<10 18 (44) 23 (50)

≥10 23 (56) 23 (50)

Caseload interpreting melanocytic skin lesions,
No./mo

<60 22 (54) 23 (50)

≥60 19 (46) 23 (50)

Considered self to be an expert in melanocytic
skin lesions in the eyes of colleagues

No 27 (66) 18 (39)

Yes 14 (34) 28 (61)

Abbreviations: TM, traditional microscopy; WSI, whole-slide imaging.
a This category consists of physicians with single or multiple fellowships that

include dermatopathology. Also includes physicians with single or multiple
board certifications that include dermatopathology.

Figure 1. Discordance of Melanocytic Lesion Interpretations
With a Reference Diagnosis
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This graph shows similar results for traditional and digital formats across the
Melanocytic Pathology Assessment Tool and Hierarchy for Diagnosis
categories,14 except for a significantly lower discordance for class III diagnoses.
Error bars indicate 95% confidence intervals.
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the format changed from TM to digital WSI format between
phases (62.7%; 95% CI, 59.5%-65.7%) (P = .10). Adjustment for
dermatopathology board certification and/or fellowship train-
ing reduced the estimated effect of WSI on reproducibility and
increased the associated P value to .24 (OR, 1.11; 95% CI,
0.92-1.33) (eFigure 2 in the Supplement). Intraobserver agree-
ment was highest for class I melanocytic lesions for both the
TM/TM arm (86.2%; 95% CI, 78.7%-91.4%) and TM/WSI arm
(80.5%; 95% CI, 72.3%-86.7%) (P = .24), and lowest for classes
III and IV (Figure 2). None of the reproducibility analyses strati-
fied by MPATH-Dx lesion class showed significant differences
between the TM and digital WSI arms.

The small observed decrease in assessment confidence
and increase in difficulty ratings among digital interpreta-
tions relative to traditional interpretations were not signifi-
cant, and the estimated effect of digital WSI diminished
when dermatopathology board certification was accounted
for (eTable in the Supplement). The proportion of assess-
ments considered to be borderline was slightly higher for
digital than traditional interpretations (28% vs 22%). The
estimated effect (borderline diagnosis without adjustment
for dermatopathology board certification [OR, 1.37; 95% CI,
0.97-1.94] and with adjustment [OR, 1.37; 95% CI,
0.96-1.96]; P = .08) were unchanged by adjustment for der-
matopathology board certification. The observed propor-
tion of assessments for which a second opinion was desired
was equivalent among traditional and digital interpretations
(44%) (eTable in the Supplement).

Given the underlying variability in mitotic figures and
Breslow depth between cases, we performed a case-level analy-
sis of whether the average number of mitotic figures for TM

was the same as for digital WSI, and whether Breslow depth
differed by format. Mitotic rates tended to be higher in tradi-
tional interpretations (mean [SD]: TM, 6.72 [2.89]; WSI, 5.84

Table 2. Agreement in Skin Pathology Interpretation and Assessment for Clinical Discrepancy
Between TM and Digital WSI in 5 Sets of Melanocytic Lesion Cases

Reference Diagnosisa I II III IV V
Total No. of
Interpretations

Agreement of
Pathologists With
Consensus Reference, %
(95% CI)

Participating pathologists'
interpretation with TM

I 125b 7 5 0 1 138 91 (84-95)

II 170 64b 32 6 4 276 23 (18-30)

III 109 80 201b 21c 3c 414 49 (43-54)

IV 18d 37d 119d 198b 42 414 48 (41-55)

V 9e 6e 41e 61e 297b 414 72 (67-76)

Participating pathologists'
interpretation with WSI

I 103b 11 7 2 0 123 84 (75-90)

II 137 60b 32 11 6 246 24 (19-31)

III 110 77 143b 38c 1c 369 39 (31-47)

IV 34d 30d 98d 176b 31 369 48 (39-56)

V 11e 8e 32e 53e 265b 369 72 (66-77)

Abbreviations: TM, traditional microscopy; WSI, whole-slide imaging.
a Consensus Melanocytic Pathology Assessment Tool and Hierarchy for

Diagnosis (MPATH-Dx) reference diagnosis was obtained using the TM format;
roman numerals indicate MPATH-Dx classes, with I indicating the least severe
and V the most severe.

b Reference diagnosis is concordant with participating pathologists’
interpretation.

c Reference diagnosis is class III; participating pathologists' interpretation as
class IV or V: traditional 6%, digital 11%.

d Reference diagnosis is class IV; participating pathologists' interpretation as
class I, II, or III: traditional 42%, digital 44%.

e Reference diagnosis is class V; participating pathologists' interpretation as
class I, II, III, or IV: traditional 28%, digital 28%.

Figure 2. Diagnosis Reproducibility for Melanocytic Lesions
in Study Phase 2
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[2.56]; P = .002). Assessment of mitotic rates were signifi-
cantly different between the 2 formats, with traditional slides
having almost twice as many mitotic figures detected as with
digital (mean: TM, 1.20; WSI, 0.69; P = .02). Case-level mean
mitotic rates were increased in traditional relative to digital in-
terpretations for 42 of 87 evaluable invasive melanoma cases,
decreased in 23 cases, and equivalent in 22 cases (Figure 3A).
No significant differences were found in Breslow depth be-
tween traditional and digital interpretation in the case-level
analysis (Figure 3B).

Discussion
To our knowledge, this study of melanocytic lesions is the
largest to date in dermatopathology and provides the first
evidence that interpretive accuracy and reproducibility are
similar when comparing TM and WSI formats within the
challenging and clinically important area of melanocytic
skin lesions. The low levels of agreement for some of the
intermediate classes of melanocytic skin lesions under-
scores the diagnostic challenges with these types of
lesions.12 The relatively small and insignificant differences
in using TM and digital WSI are reassuring as implementa-
tion of WSI expands. However, for class III lesions such as a
severe dysplastic nevus or melanoma in situ, the accuracy
decreased when the second interpretation was in the digital
format, with more repeat interpretations upgraded to a
diagnosis of invasive melanoma.

A common view is that digital WSI pathology will overtake
the field, much as it has in radiology, a notion that may be more
likely given the FDA approval of WSI for primary interpretations
in at least 1 system to date.19,20 Thus, generating evidence of its
comparative effectiveness is critically needed and is best served

with evidence specific to individual subspecialties, particularly
those with high population impacts such as the dermatopathol-
ogy of melanocytic lesions.

This study’s results showing similar performance for both
TM and WSI formats in the arena of melanocytic skin lesions sup-
port existing evidence. The findings are an important addition
to those of a strong, prior study that reported viability of WSI for
primary diagnosis in the field of dermatopathology.11 However,
this previous study noted concerning major clinically signifi-
cant discrepancies for interpretation of melanocytic lesions that
felloutsideofthe4%noninferioritymargin.11 Thispreviousstudy
was limited to only 3 pathologists and 15 cases of invasive mela-
noma and thus was not adequately powered for a substudy of
melanocytic lesions. In comparison, the present study of 87 pa-
thologists and 180 melanocytic lesions (with 90 cases of inva-
sive melanoma) had more power to examine these lesions. In ad-
dition, the WSI scanning magnification was ×20 in the previous
study, while the present study used ×40, which is thought to pro-
duce a superior image.21

Given the extent of variability noted among pathologists in-
terpreting these challenging melanocytic lesions,12 we also added
a randomized study arm to compare intraobserver agreement
between phase 1 and phase 2 interpretations. Specifically, we
compared diagnostic interpretation of pathologists who first read
TM and who then were randomized to either TM or WSI for the
second phase of interpretation; thus we could compare agree-
ment among the TM/TM arm vs the TM/WSI arm. Other unique
strengths of this study compared with prior reports are its abil-
ity to adjust for clinical experience of the pathologists and its in-
clusion of data on assessment of mitoses and Breslow depth.

Thefindingsdemonstratepotentialdifficultyindetectingmi-
toticfiguresindigitalformat:theaveragemitoticrateintraditional
images was twice that for mitoses identified in the digital format.
The American Joint Committee on Cancer’s newly revised and

Figure 3. Case-Level Comparisons of Interpretive Features Using Traditional vs Digital Format

0

14

12

10

8

6

4

2

0 1410 128

Gl
as

s F
or

m
at

 M
ea

n 
M

ito
tic

 F
ig

ur
es

, N
o.

Digital Format Mean Mitotic Figures, No.
642

y = x

Mitotic figuresA

5

4

3

2

1

0

0 54

Gl
as

s F
or

m
at

 M
ea

n 
Tu

m
or

 D
ep

th
, m

m

Digital Format Mean Tumor Depth, mm
321

y = x

Breslow tumor depthB

These figures show that there is a higher number of mitotic figures seen using
traditional microscopy but no difference in Breslow tumor depth. A, The 63
points represent the 87 cases included; 21 cases had 0 mitotic rate for all

traditional and digital interpretations, and 4 other points represent 2 cases
each. B, The 87 points represent the 87 cases included. All traditional-digital
combinations of mean case-level Breslow depth are distinct.
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evidence-based Cancer Staging Manual, 8th Edition removes mi-
togenicity as a microstage modifier,22 but mitogenicity remains
an important prognostic factor by multivariate analysis.

Class III melanocytic lesions have clinical significance when
diagnosed as class I, IV, or V owing to the potential ramifications
of treatment and management pathways. For example, a mildly
dysplastic nevus (class I) diagnosed as melanoma in situ (class III)
wouldlikelybeovertreatedbyexcision,whileinvasivemelanoma
(class IV or V) diagnosed as class III would be undertreated with-
out oncologic management and have the potential for a poor out-
come.Thestudy’sfindingsdemonstrateonlyamarginaldecrease
in accuracy with digital WSI compared with TM, so the clinical
implications are uncertain. As use of digital WSI for primary di-
agnosis continues to expand, these findings may help shape de-
velopment of machine learning, deep learning, or artificial intel-
ligence algorithms that are increasingly being applied to image
classification in pathology and radiology. Training these algo-
rithms on the most challenging and/or discrepant cases, such as
class III–like melanocytic lesions, may allow such cases to be tri-
aged for more focused review among dermatopathologists, thus
enhancing diagnostic yield, which in turn improves patient care.

Limitations
Although, to our knowledge, this study is the first to report
comparative performance of TM and digital WSI by such a large

and diverse group of participants (N = 87 pathologists) in the
interpretation of melanocytic skin lesions, 2 potential limita-
tions in the study design are notable. First, the test set envi-
ronment does not fully replicate actual clinical practice. For
example, the biopsy cases were enriched for more advanced
diagnostic categories and were not representative of typical
case prevalence distributions. Second, only a single slide was
available for each case. However, if these factors had any ef-
fect on the results, we would expect that it would have the same
effect on both TM and WSI interpretation.

Conclusions
Overall, we found no clinically meaningful differences in
diagnostic accuracy or reproducibility between pathologists
randomized to TM vs digital WSI interpretation of melano-
cytic skin lesions, although a marginally lower accuracy with
digital was seen for class III MPATH-Dx lesions (eg, mela-
noma in situ, severely dysplastic nevi). Results from this
study add to the growing evidence of similarity of WSI inter-
pretation compared with TM and provide large-scale evi-
dence specifically for the diagnosis of melanocytic skin
lesions.
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