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Abstract

IMPORTANCE A standardized pathology classification system for melanocytic lesions is needed to
aid both pathologists and clinicians in cataloging currently existing diverse terminologies and in the
diagnosis and treatment of patients. The Melanocytic Pathology Assessment Tool and Hierarchy for
Diagnosis (MPATH-Dx) has been developed for this purpose.

OBJECTIVE To revise the MPATH-Dx version 1.0 classification tool, using feedback from
dermatopathologists participating in the National Institutes of Health-funded Reducing Errors in
Melanocytic Interpretations (REMI) Study and from members of the International Melanoma
Pathology Study Group (IMPSG).

EVIDENCE REVIEW Practicing dermatopathologists recruited from 40 US states participated in the
2-year REMI study and provided feedback on the MPATH-Dx version 1.0 tool. Independently,
member dermatopathologists participating in an IMPSG workshop dedicated to the MPATH-Dx
schema provided additional input for refining the MPATH-Dx tool. A reference panel of 3
dermatopathologists, the original authors of the MPATH-Dx version 1.0 tool, integrated all feedback
into an updated and refined MPATH-Dx version 2.0.

FINDINGS The new MPATH-Dx version 2.0 schema simplifies the original 5-class hierarchy into 4
classes to improve diagnostic concordance and to provide more explicit guidance in the treatment of
patients. This new version also has clearly defined histopathological criteria for classification of
classes | and Il lesions; has specific provisions for the most frequently encountered low-cumulative
sun damage pathway of melanoma progression, as well as other, less common World Health
Organization pathways to melanoma; provides guidance for classifying intermediate class Il tumors
vs melanoma; and recognizes a subset of pT1a melanomas with very low risk and possible eventual
reclassification as neoplasms lacking criteria for melanoma.

CONCLUSIONS AND RELEVANCE The implementation of the newly revised MPATH-Dx version 2.0
schema into clinical practice is anticipated to provide a robust tool and adjunct for standardized
diagnostic reporting of melanocytic lesions and management of patients to the benefit of both health
care practitioners and patients.
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Key Points

Question Can a revised Melanocytic
Pathology Assessment Tool and
Hierarchy for Diagnosis (MPATH-Dx)
schema provide more standardized
classification and diagnostic reporting of
melanocytic lesions?

Findings This consensus statement
reports on the simplification of the
MPATH-Dx version 1.0 five-class
hierarchy into 4 classes to improve
diagnostic concordance and to provide
more explicit treatment guidance.
Version 2.0 also has clearly-defined
histopathological criteria for the
classification of classes | and Il benign
lesions with specific provisions for all
World Health Organization progression
pathways to melanoma, provides
guidance for classifying intermediate
class Il tumors vs melanoma, and
recognizes a subset of pT1la melanomas
with very low risk.

Meaning The new MPATH-Dx version
2.0 schema is anticipated to provide a
robust tool and adjunct for standardized
diagnostic reporting of melanocytic
lesions and patient treatment.
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Introduction

The mission of the pathologist interpreting melanoma and related melanocytic lesions is to provide
an accurate and reproducible diagnosis to health care practitioners and their patients. This diagnostic
report should be accessible, transparent, and understandable and should transmit relevant
information regarding diagnosis and prognosis, thereby facilitating optimal treatment of patients.’ Of
note, a 2021 survey of practicing pathologists in the US has suggested that communication of such
diagnostic information would be improved with less confusion via a more standardized

reporting system.?

Although for decades histopathology has functioned as the gold standard for diagnosis of
cutaneous melanocytic lesions, many reports over the years have called attention to a striking
discordance in the interpretation of some lesions.3' A 2017 study by Elmore et al,” the largest and
most comprehensive of its kind, to our knowledge, has confirmed that histopathological diagnosis
across the spectrum of atypical and dysplastic nevi, including thin melanoma, is neither accurate nor
reproducible. These findings have significant implications for patient care. However, it is important
to emphasize that a major factor accounting for such poor diagnostic concordance is the lack of
established, agreed on, objective, and reproducible histopathological criteria along this continuum of
lesions. Until more objective histopathologic breakpoints are delineated by precise correlation with
genetic alterations and patient outcomes, diagnostic agreement will remain suboptimal.

In 2014, the Melanocytic Pathology Assessment Tool and Hierarchy for Diagnosis (MPATH-Dx)'?
version (V) 1.0 was introduced to provide a standardized classification system to aid both
pathologists and clinicians in the diagnosis and treatment of patients with melanocytic lesions. This
classification schema was envisioned to function in the same manner as the Breast Imaging Reporting
and Data System,' a system previously developed for the standardized reporting of radiological
images for breast lesions. The MPATH-Dx taxonomy has provided a mechanism for the mapping of a
diverse and generally unwieldy range of diagnostic terms, some or many of which are confusing or
incomprehensible, into 5 distinct classes to simplify and make transparent communication among
pathologists, health care practitioners, and patients. Accordingly, this schema also may function to
alleviate the anxiety that may accompany diagnostic reporting. Importantly, this system also
provides information as to the probabilistic risk for tumor progression (as much as this is possible
based on currently available data) and recommendations for treatment of patients along the
spectrum of the MPATH-Dx categories.

We have directly witnessed how the implementation of the MPATH-Dx schema may facilitate
agreement and more standardized reporting of melanocytic lesions, foster greater communication
and rapport with clinicians, and improve care delivered to patients at specific institutions.? It is
evident that there is a substantial need for such a classification system that provides standardization
and management guidelines.

Although the introduction of the MPATH-Dx schema was envisioned as a system for
standardized diagnostic reporting as related to patient care, it has also served as an important
platform for research and study of the classification, accuracy, and reproducibility in diagnosis of

I," and from current ongoing studies'

melanocytic lesions. The results from the study by Elmore et a
have clearly helped to identify more precisely where the greatest diagnostic discordance lies.
Although we established that agreement is poor among pathologists across the entire spectrum of
atypical nevi and early melanoma, the lowest concordance rates, as low as 25% for interobserver
agreement and 35% for intraobserver agreement, were recorded for moderately atypical or
dysplastic lesions (the MPATH-Dx V1.0 class Il category)." In particular, due to lack of credible criteria,
pathologists are frequently prone to reclassify such lesions as being less (mild) or more (severe)
atypical or even as melanoma. This finding is consistent across multiple analyses and in other
independent studies.'™® These observations have prompted discussion about the need for changes
in the MPATH-Dx V1.0 classification hierarchy.
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The MPATH-Dx classification was developed with the idea of being applicable to all types of
melanocytic lesions, or “one size fits all.""? In fact, the 5 classes in the original schema were
constructed around the most common progression pathway to melanoma: common acquired nevi,
atypical or dysplastic nevi, and superficial spreading melanoma, ie, melanoma developing in
intermittently sun-exposed skin (low-cumulative sun damage [CSD]). While this common pathway
probably accounts for 80% to 85% of melanocytic lesions encountered in routine clinical and skin
pathology practice in White populations'” and is thus clinically the most relevant, 7 other less
common or rare World Health Organization (WHO) pathways to melanoma have been described and
must be accommodated (excluding uveal and central nervous system melanomas).'®'® Although the
MPATH-Dx V1.0 schema did make provisions for other types of melanocytic lesions, increasing
knowledge in recent years about other pathways to melanoma and the appearance of the 4th edition
of the WHO Classification of Skin Tumours have highlighted the need to modify the original
MPATH-Dx system.2°

An important related goal of the MPATH-Dx schema was not to supplant existing
nomenclatures or classifications of (primarily) benign melanocytic lesions but rather to make them
more understandable and transparent by the standardized mapping of diverse terminologies into
distinct MPATH-Dx classes. Thus, the MPATH-Dx schema is meant to function as an adjunct
classification system to simplify diagnostic reporting and treatment recommendations.

Accordingly, following lengthy discussions and review with many colleagues and with the final
consensus of the Reducing Errors in Melanocytic Interpretations (REMI) and International Melanoma
Pathology Study Group (IMPSG) investigators, we have effectively implemented perceived changes
that were needed. The improved MPATH-Dx V2.0 schema is described in this consensus statement.

Methods

M-Path and REMI Studies Design

The background and development of the Melanoma Pathology (M-Path) Study, including details of a
240 case-study set, and MPATH-Dx Reporting Schema for Melanocytic Proliferations and Melanoma
V1.0, have been previously described."'? The methods and results of the M-Path Study concerning
interobserver and intraobserver agreement in diagnosis of cutaneous melanocytic lesions and
melanoma have also been reported in detail.” All procedures were adherent with the Health
Insurance Portability and Accountability Act (HIPAA), and approval was obtained from the
institutional review board at the University of Washington. All participating pathologists provided
written informed consent.

The more recent REMI study procedures also have been described in detail elsewhere.?' In brief,
potential study participants were identified in 40 geographically diverse US states, using a list of
board-certified dermatopathologists from Direct Medical Data databases. Eligible participants met
the following criteria: board certified and/or fellowship trained in dermatopathology. currently
practicing in the US, had interpreted melanocytic skin biopsies within the previous year, and
expected to continue interpreting melanocytic skin lesions for the next 2 years. Dermatopathologists
verified as eligible were invited to enroll in the REMI study between July 2018 and July 2019, and
study procedures continued through May 2021. All procedures were adherent with HIPAA, and
approval was obtained from the institutional review boards of the Fred Hutchinson Cancer Research
Center in Seattle, Washington and the David Geffen School of Medicine at University of California,
Los Angeles. All participating pathologists provided written informed consent.

REMI participants were mailed a phase | glass slide set of 28 melanocytic lesions. Immediately
after completing an MPATH-Dx V1.0 tutorial, participants reviewed each lesion and entered
diagnostic interpretations and MPATH-Dx V1.0 classifications for each into the online histology
reporting form, using the MPATH-Dx V1.0 diagnostic-treatment mapping tool (eTable in the
Supplement). Approximately 12 to 24 months (mean, 16 months) after their phase | interpretations,
participants interpreted a phase Il slide set of 28 images using identical methods to document their
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interpretations within the histology reporting form and classified their diagnoses using the
MPATH-Dx V1.0 diagnostic-treatment mapping tool. A total of 143 REMI study participants
completed all study procedures and were given the option to provide feedback in a poststudy survey.
Participants were provided 2 open-ended comment boxes with a 1000-word limit for their
responses to the following 2 questions: “As the field progresses, the MPATH-Dx classification scheme
needs continued updating. Do you have any suggestions for changes or improvements to the
MPATH-Dx concept?” and “In general, what changes or improvements need to be made in the field
of Dermatopathology related to melanocytic tumor diagnosis?”

Expert Reference Panel Review of REMI Feedback

REMI participant feedback was reviewed by the original MPATH-Dx reference panel of 3
internationally recognized dermatopathologists (R.L.B., D.E.E., and M.W.P.). The reference panel met
periodically on 4 occasions via video conferences during 2020 to 2021 to synthesize feedback from
REMI study participants along with antecedent data from the North American Melanoma Pathology
Study Group, IMPSG, American Joint Commission for Cancer (AJCC) 8th edition melanoma
guidelines, WHO diagnostic criteria, and others, in an effort to iteratively revise and refine the
classification tool for presentation at the November 2021 IMPSG Workshop.

International Melanoma Pathology Study Group 2021 Workshop

The annual Workshop of the IMPSG, an international society and network of expert pathologists for
the advancement of clinical and basic research on melanoma, was convened with approximately 25
members and guests in attendance in November 2021 to formally discuss and revise as necessary
the new version of the MPATH-Dx classification tool. Based on an iterative process of discussion and
the incorporation of suggestions from the participants, a revised final version was drafted and is
presented in Table 1, with the full version presented in the eTable in the Supplement.

Table 1. The Melanocytic Pathology Assessment Tool and Hierarchy for Diagnosis Version 2.0

Probability of
progression,

Risk of tumor No. per
Class progression population Treatment recommendation Examples®
0 NA NA Consider repeat biopsy Nondiagnostic or unsatisfactory
I: low grade Very low risk for 1in10000to No further treatment” Common acquired nevi, no atypia
continued 1in 100000 C ital nevi tvDi
proliferation and ongenital nevi, no atypia
progression to Atypical and dysplastic nevi,
invasive melanoma low-grade atypia®
Common blue nevi
11: high Low risk for 1in100to Re-excision with margins Atypical and dysplastic nevi,
grade progression to 1in 1000 <lcmP high-grade atypia“
invasive melanoma Spitz nevi, tumors or
melanocytomas, and atypical
variants
Cellular blue nevi or
melanocytomas and atypical
variants
Plexiform or deep penetrating nevi
or melanocytomas
Lentigo maligna
Melanoma in situ
11: Relatively low risk ~ 1in 10 to Follow national guidelines Melanoma AJCC stage pT1a, <0.8
melanoma  for local and 1in 100 (eg, wide excisgon with mm Breslow thickness
pTla regional metastasis 1 cm margins) Melanoma pT1a lr (low risk)®
Melanoma pT1a®
1V: Moderate to lin2to Follow national guidelines Melanoma AJCC stage pT1b or
melanoma increased risk for 1in10 (eg, wide excision with greater, 20.8 mm Breslow
2pT1lb regional or distant 1-2 cm margins® and thickness

consideration of sentinel
lymph node staging and other
therapies)

metastasis

Abbreviations: AJCC, American Joint Commission on
Cancer; NA, not applicable.

2 Examples are not a comprehensive list of diagnostic
terms. A comprehensive list is provided in eTable in
the Supplement.

® Margins are considered positive and the lesion
adequately sampled.

¢ Low-grade atypia connotes nevi (or other lesions)
previously graded as mild and moderate (not all), and
high-grade atypia nevi (or other lesions) previously
graded as moderate (not all) and severe. Degree of
atypia is defined by both architectural disorder and
cytological atypia.

d pT1alr (low risk) is defined as radial growth phase
(Clark level 1) only; absence of ulceration, vertical
growth phase, dermal mitotic activity, and extensive
regression (>50% of tumor).

¢ Conventional pTlarisk category (does not qualify as
low risk pT1alr).
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Results

The New MPATH-Dx V2.0 4-Class System

Our prior studies™™ have confirmed strikingly poor rates of interobserver (as low as 25%) and
intraobserver (as low as 35%) agreement of moderately atypical lesions in class Il of the MPATH-Dx
V1.0.""" |n effect, because of this inability to reliably recognize the limits of so-called moderate
atypia, pathologists inadvertently interpret many such moderately atypical lesions in routine practice
as mildly (or mildly to moderately) atypical, on the one hand, or, alternatively, as severely (or
moderately to severely) atypical (even including melanoma on occasion) on the other.™* In fact,
many pathologists have resorted to this practical use of a 2-tiered system of mild to moderate and
moderate to severe because of the difficulties in reliable grading. To address this problem, we have
devised a new 2-tiered classification schema that takes the place of the old 3-tiered system: class I,
defined as mild atypia; class Il, moderate atypia; and class Ill, severe atypia. Thus, the prior
MPATH-Dx V1.0 class Il has been replaced by 2 newly expanded classes: MPATH-Dx V2.0 class I,
indicating low grade (no atypia and mild to moderate atypia) (Figure 1) and MPATH-Dx V2.0 class I,
high grade (severe atypia, including some high-end, formerly moderately atypical lesions and
melanoma in situ) (Figure 2, Table 1, and Table 2). In effect, we have introduced a histopathological
break point that permits classification of lesions into these new classes | and Il (Table 1and Table 2;
eTable in the Supplement). In addition to the practical need for the institution of these 2 new classes |
and II, there is also an objective basis for introducing this histopathological threshold criterion. We
have proposed, as the principal threshold criterion, the size of nuclei in 5 or more junctional or

Figure 1. Melanocytic Pathology Assessment Tool and Hierarchy for Diagnosis (MPATH-Dx) Version 2.0 Class I:
Compound Nevus With Low-grade Atypia

\E 2.5x Magnification

Note disordered junctional architecture at scanning
magnification (A and B). At high magnification, at least
5 melanocytes in junctional nests contain nuclei less
than 1.5 times the size of adjacent resting basal
keratinocytes (C). This lesion was originally associated
with discordant interpretations of mild and moderate
atypia by the expert panel and by consensus classified
as MPATH-Dx version 1.0 class Il: compound nevus
with moderate atypia. Based on use of cytological and
morphological criteria in Table 2, the lesionis
reclassified by consensus as MPATH-Dx version 2.0
class | by the expert consensus panel.
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intraepidermal melanocytes (nevus cells) in the most atypical high-power field in melanocytic nevi
and related lesions relative to (1.5 times) the size of nuclei in nearby resting basal keratinocytes
(Table 2), coupled with other nuclear and cytoplasmic features, disordered architecture, host
response, and other morphological attributes (Figure 1, Figure 2, and Table 2). These criteria using
1522.23 3nd have a general
association with cytometric nuclear area,?* DNA aneuploidy,?® and increased melanoma risk.2®

nuclear size and architecture have been validated in previous studies

Computerized image cytometrical analysis and DNA image cytometry have provided objective
evidence for classes | and 1.2*2> These morphological criteria using nuclear size and architecture
were validated in a previous study with 7 observers.™® Conclusions from that study were "Agreement
was substantial to excellent for the histopathologic diagnosis of 112 melanocytic tumors by
dermatopathologists. Using predetermined criteria, melanocytic dysplasia can be reproducibly
graded among diverse general dermatopathologists.” We expect that the synergy of eliminating 1
MPATH-Dx V1.0 class that had low accuracy and reproducibility and the introduction of clearly stated
cytological criteria for the new MPATH-Dx V2.0 classes | and Il should improve rates of diagnostic
agreement.

The inability to distinguish a dysplastic nevus, severe (or high grade), from melanoma in situ and
very thin melanoma is well established.*""'*2527 This issue with dysplastic nevus severe or high
grade and melanoma in situ has already been addressed by placing both entities into the same
MPATH-Dx class. These 2 entities are thus considered equivalent. A similar reasoning may apply to
very thin invasive (radial growth phase) T1a melanomas. The real reason that these 3 entities cannot
be easily distinguished morphologically may be that they are very closely related genetically, and

Figure 2. Melanocytic Pathology Assessment Tool and Hierarchy for Diagnosis (MPATH-Dx) Version 2.0 Class II:
Compound Melanocytic Lesion, Probable Compound Dysplastic Nevus With High-grade Atypia, Uncertain

The lesion is poorly defined and measures 4 mmin
diameter (A). The junctional and dermal components
are paucicellular. The junctional component comprises
scant basilar single cells and disordered junctional
nesting with relatively sparse pagetoid spread of
melanocytes mostly confined to the lower half of the
epidermis (B). Rare melanocytes (2-3 cells) reach the
granular layer. No effacement of the epidermis is
noted, and the epidermal rete-oriented pattern of
melanocytic proliferation is maintained. Slight solar
elastosis is present. At high magnification, at least 5
junctional melanocytes contain nuclei more than 1.5
times the size of surrounding resting basal
keratinocytes (C). Because of scant pagetoid spread
and conspicuous cytological atypia, there is concern
for melanoma in situ in this lesion. Rare single atypical
melanocytes in the dermis raise the possibility of focal
invasive melanoma. However, a number of findings
argue against clear-cut melanoma in situ or invasive
melanoma. The lesion was originally associated with
discordant interpretations of moderate and severe
atypia by the expert panel and by consensus classified
as MPATH-Dx version 1.0 class II: compound nevus
with moderate atypia, but with some uncertainty
about its biological nature (suspicion for melanomain
situ). Based on the use of cytological and
morphological criteria in Table 2, this lesion is
reclassified by consensus as MPATH-Dx version 2.0
class Il, but again with uncertainty by the expert
consensus panel. This lesion illustrates how
morphological criteria may not be conclusive for the
definitive interpretation of many melanocytic lesions
in this intermediate spectrum and particularly for high-
grade lesions. Uncertainty about such lesions exists
and should be communicated in diagnostic reports.

Iz‘ 2.5x Magnification
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morphological criteria simply do not exist to permit their subcategorization. With additional study
and stringent criteria, very low-risk T1la melanoma may eventually be reclassified into new
MPATH-Dx class I1.

Particular entities in both the common low CSD pathway?° and in other WHO pathways to
melanoma are exceptions to the histopathological criteria outlined in Table 2 for the junctional
components of nevi in this common pathway. In brief, in this WHO pathway I, these exceptions
include some site-specific nevi, deep-penetrating/plexiform nevi, or melanocytomas; pigmented
epithelioid melanocytomas; and BAPI-inactivated tumors or melanocytomas, in which atypia of the
dermal component merits greater attention (as is also true in most advanced [beyond T1a]
melanomas). Exceptions in other pathways include Spitz tumors, acral and mucosal nevi,
proliferative nodules in congenital nevi, and cellular and other blue nevi. In particular, the baseline
melanocytes in the various latter entities may be larger and have larger nuclei that surpass the
nuclear size breakpoint of the 1.5 times criterion (Table 2). Thus, reliance on other criteria, such as
increasing nuclear to cytoplasmic ratios, prominent pleomorphism, nuclei at least 2 times the size of
those in nearby basal layer keratinocytes, thickened nuclear membranes, increasingly coarse nuclear

Table 2. Cytological, Architectural, and Genetic Criteria for Melanocytic Pathology Assessment Tool
and Hierarchy for Diagnosis Version 2.0 Classes | and Il

Feature Class I: low-grade atypia® Class II: high-grade atypia®
Cytological feature

Size of nucleus in 25 junctional  <1.5 Times the size of resting basal Ranging from 21.5 times to >2 times the size

melanocytes in most atypical keratinocyte nuclei of resting basal keratinocyte nuclei

high power field

Variability in shape and size of ~ Minimal to moderate Marked (some nuclei 22 times larger than
nucleus others)

Chromatin Homogenous or condensed Ranging from condensed or dispersed up to

dense hyperchromatism or dispersed with
thickened nuclear membranes

Nucleolus Not visible, or visible but not Ranging from visible but not prominent up to
prominent prominent, often lavender, unless obscured
by hyperchromatism
Cytoplasm Not visible, scant, or abundant Scant or abundant

Architectural feature

Diameter (mm) Ranging from <4 mm to >4 mm >5 mm

Symmetry (vertically- bisected ~ Symmetrical Often asymmetrical

mirror image)

Circumscription Sharply circumscribed Often poorly circumscribed
Junctional nesting Ranging from regular junctional nests Irregular junctional nests, horizontal

to progressively irregular junctional  confluence of nests, bridging of nests
nesting, horizontal confluence of
nests, bridging of nests

Lentiginous melanocytic Absent, slight, or focal Contiguous melanocytes, proliferation of
proliferation melanocytes between epidermal retia
Effacement of epidermis Absent Often present

Density of intraepidermal Usually lower density Usually higher density

melanocytes

Pagetoid spread Absent, low level, or focal Focally full thickness or full thickness

epidermal involvement (at least 1 HPF
indicates melanoma in situ)

Lymphocytic infiltrates Absent or present Often dense infiltrate

Papillary dermal (concentricor  Absent or present Often lamellar fibroplasia

lamellar) fibroplasia

Mitoses, intraepidermal Absent or few Often present

Mitoses, dermal Usually absent Absent or few

Dermal atypia Usually absent Absent or present

Dermal confluence Usually absent Absent or present

Dermal maturation Usually present Present, diminished, or absent Abbreviation: HPF, high-power field.

2 Includes nevi previously graded as mild and
moderate (not all).

Genetic feature

DNA aneuploidy Usually diploid Often DNA aneuploidy
= = = = = ® Includes some nevi previously graded as moderate
Genetic alterations Single alteration (eg, BRAF, NRAS) Usually 2 alterations
(not all) and severe.
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chromatin, strikingly prominent nucleoli, and multiple nucleoli, must be used in grading and

classification of the lesion (Table 3).

New MPATH-Dx V2.0 Recommendations for Treatment of Patients
Implicit in the development of the new MPATH-Dx V2.0 classes | and Il is the goal of providing more
clearly defined guidelines for pathologists and clinicians in the treatment of patients with these

melanocytic lesions. First of all, with respect to surgical intervention for atypical nevi, we are striving

to reduce the overall number of surgical procedures, in line with increasing information, eg, that

many lesions with lesser degrees of atypia (ie, mild to moderate atypia; low grade in the WHO 2018

Classification) need not, in general, be re-excised because of very low risk for recurrence as bona fide

melanoma.?8-32 n particular, new class | lesions with positive margins, if adequately sampled, should

not require any further therapy (especially if patients are to be followed up), whereas class I lesions

with positive margins, in general, would require re-excision. Because of the lack of validated

standardized criteria and imperfect knowledge concerning the biology and natural history of many

atypical melanocytic lesions and melanoma, exceptions to these guidelines exist and must always be

considered.>3 The provisions about exceptions are outlined in the detailed version of the new
MPATH-Dx V2.0 schema (eTable in the Supplement).
Finally, in the diagnostic interpretation and management of all melanocytic neoplasms, it is of

vital importance to integrate all relevant clinical information in this decision-making process.

Essential clinical information should include age, sex, anatomic site, size and clinical features (gross
morphology) of the individual lesion, and clinical history. A clinical photograph and the results of
dermoscopy are also important considerations.

Table 3. Guidelines for the Classification of Various Melanocytic Pathology Assessment Tool and Hierarchy for Diagnosis Version 2.0 Class Il and 1l or IV Lesions
With Emphasis on the Dermal Component

Feature Class Il Class Ill or IV
WHO Pathway
I: low-CSD « Atypical dermal melanocytic proliferation in common acquired nevus Melanoma
e Dysplastic nevi
« Plexiform or deep-penetrating nevus or melanocytoma?®
¢ BAP1 inactivated nevus or melanocytoma?®
 Pigmented epithelioid melanocytoma
11-111: high-CSD Atypical dermal melanocytic proliferation, NOS ¢ Melanoma
¢ Desmoplastic melanoma
IV: Spitz Spitz melanocytoma (atypical Spitz tumor) Spitz melanoma

V-VI: acral and mucosal
VII: congenital
VIII: blue nevus

Cytology

Diameter (mm)
Architecture

Mitotic rate
Immunohistochemistry
Alterations or gene fusions

Copy number variations

Atypical dermal or submucosal melanocytic proliferation, NOS
Atypical proliferative nodule or melanocytoma in congenital nevus

« Cellular blue nevus or melanocytoma
e Atypical cellular blue nevus or melanocytoma
e Atypical blue nevus, NOS

Variable, increasing nuclear size >1.5 times that of resting basal
keratinocyte nuclei, nuclear pleomorphism, chromatin condensed or
dispersed, prominence of nucleoli

Variable, 4-10 mm, or greater

e Ulceration, usually absent

* Increasing depth, may involve subcutaneous fat (level V)
e Symmetrical or asymmetrical

* May be biphasic (ie, combined, 2 components)

« Nodule formation, absent or present

» Maturation with depth, present or absent

« Infiltrative at peripheries, absent or present

e Cellularity, normal or increased

e Usually no necrosis

Variable, mitotic rates: 0-2 per mm?, uncommonly 2 to 5 per mm?
Often PRAME negative, p16 positive, Ki67 < 5% to 10%

Usually 2: BRAF, NRAS, GNAQ, GNA11, MAPK, plus B-catenin, APC,
BAP1, or PRKAR1A; various gene fusions of ALK, NTRK, ROS1, PRKCA

Usually 2

Melanoma
Melanoma

Melanoma arising in blue nevus

Nuclear size often 22 times that of keratinocyte nuclei and other
melanocytes, increased nuclear to cytoplasmic ratios, thickened nuclear
membranes, hyperchromatism, coarse chromatin or dispersed, strikingly
prominent nucleoli, multiple nucleoli

Variable, often >1 cm

 Ulceration, absent or present

¢ Involvement of subcutaneous fat, absent or present
¢ Often asymmetrical

¢ Melanoma in 1 component

¢ Nodule often present

e Maturation often absent

« Infiltrative, often present

¢ Prominent cellularity, sheet-like appearance

¢ Necrosis, absent or present

Often 2-6 per mm? or greater, deeply located mitoses, atypical mitoses
Often PRAME positive, p16 negative, Ki67 > 10% to 20%
Often CDKN2A-/-, TP53, TERT promoter, or BAP1 (blue nevoid tumors)

>3

Abbreviations: CSD, cumulative sun damage; NOS, not otherwise specified; WHO, World

Health Organization.

@ And atypical variants.
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Characterization of a Low-risk Subset in MPATH-Dx V2.0 Class Ill pT1a Melanomas

to Melanoma pT1a-Ir

It has long been known that a subset of thin invasive melanomas (<1.0 mm, especially <0.76 mm) is
associated with a very good prognosis, approaching 5-year overall survival rates of approximately
99%.3*38 |n general, accumulating evidence has suggested that this very favorable prognosis is
associated with specific low-risk histopathological attributes: Breslow thickness less than 0.8 mm,
absence of ulceration, radial growth phase only (absence of the vertical growth phase), Clark level Il
only (absence of Clark level Il or greater; growth phase and Clark levels Il and Ill are very closely
related), absence of dermal mitotic activity, and absence of extensive regression (>50% of the
melanoma).34° Recent analysis of a Surveillance, Epidemiology, and End Results database has
provided additional evidence to support designating such a subset of melanomas as pTla-Ir (low risk)
in the new MPATH-Dx V2.0 with the latter criteria (eFigure in the Supplement).*' With additional
study, this subset of melanomas may eventually merit designation as melanocytic neoplasm with low
malignant potential.

Introduction of WHO Pathways to Melanoma
Dating back to the mid-20th century, it had been understood that there were at least 2
developmental pathways to cutaneous melanoma.*? Over the past 2 decades or longer, studies by

Bastian' and Whiteman et al'®

have delineated 9 pathways to melanoma, incorporating clinical,
histopathological, environmental, and genetic information.'®° These pathways have provided the
basis for the classification of melanocytic tumors in the recent 4th edition of the WHO Classification
of Skin Tumours.?°*3 These other pathways to melanoma have also been specifically introduced into
the revised MPATH-Dx V2.0 schema (eTable in the Supplement).

A comprehensive list of cutaneous (and conjunctival) melanocytic lesions in the WHO pathways
to melanoma and in the 4 MPATH-Dx V2.0 classes is provided in eTable in the Supplement.
Definitions of various entities and explanations regarding the rationale for mapping lesions into these
classes are provided as needed. In addition, detailed guidelines for the management of these lesions

with important exceptions are included.

Discussion

The revised MPATH-Dx V2.0 schema simplifies the previous 5-class V1.0 to a 4-class hierarchy of
melanocytic lesions to improve diagnostic concordance and also provides more explicit guidance in
the treatment of patients. MPATH-Dx V2.0 also has clearly defined histopathological criteria for
classification of class | and Il lesions, specific provisions for entities in the other, much less common
WHO pathways to melanoma,° provides guidance for classifying intermediate class Il tumors
(melanocytomas) vs melanoma, and recognizes a subset of pT1a melanomas with very low risk and
possible eventual reclassification as a neoplasm falling short of fully evolved melanoma. Importantly,
this schema is meant to be a flexible adjunct to existing nomenclatures or classification systems for
benign melanocytic lesions, not a replacement. For example, a pathologist may continue to use his or
her own terminology and protocol for the grading of atypical nevi and then place (or map) the
individual lesion into the appropriate MPATH-Dx class | or class Il based on guidelines and the need
for re-excision or not.

In developing a revised 2-tiered classification system for atypical nevi (and related lesions), our
goal is to define histopathologically and as precisely as possible at what point melanocytic nevi
develop increased probabilistic risk for progression to melanoma** and when optimal surgical
removal may effectively interrupt this progression. Ideally, this involves the identification of a precise
genetic alteration and test with precise histopathological correlation.*>*® To this end, we have
introduced cytological criteria using nuclear size of junctional melanocytes along with other features
of the junctional component of nevi as an approximate breakpoint for distinguishing MPATH-Dx V2.0
class I and Il lesions. We believe that both the reduction in the number of classes and the introduction
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of these criteria should improve rates of concordance. However, we fully realize that low rates of
diagnostic agreement cannot be eliminated overnight and that additional studies are needed to
confirm improved concordance.

Pertinent to the development of the new MPATH-Dx V2.0 schema are strategies to diminish the
number of, or extent of, surgical interventions and re-excisions for melanocytic lesions with low or
very low risk for progression to melanoma. A number of studies have suggested that so-called
moderately atypical or dysplastic or even severely atypical or dysplastic nevi with positive margins do
not need to be systematically re-excised.2-32 However, in view of the inability to reliably recognize
moderate atypia and the recurrence of such nevi as melanoma,' we do not believe that sufficient
evidence is currently available to support such an initiative without some refinement of criteria.
Accordingly, with the introduction of the new MPATH-Dx V2.0 classes | and II, we provide criteria and
guidelines for reducing the number of re-excisions for many nevi currently classified as moderately
atypical.

With the introduction of the new MPATH-Dx V2.0, it is important to emphasize that clinical
judgment should be exercised and that exceptions to the guidelines exist. In addition to commonly
acquired nevi and related lesions in the common low-CSD pathway, other uncommon to rare entities
remain controversial as to their biological nature, classification, and management.2° These include
deep-penetrating/plexiform nevi or tumors; BAPI-inactivated tumors; pigmented epithelioid
melanocytoma; cellular blue nevi; and proliferative nodules and atypical variants. These entities are
noteworthy because of a frequent biphasic configuration comprising a common nevus and a
distinctive atypical second component, often 2 genetic alterations, and a greater risk for neoplastic
progression than common nevi. As a result, these lesions, including Spitz tumors, are considered
intermediate tumors or melanocytomas, as proposed in the WHO 4th edition classification,?° and are
categorized as MPATH-Dx V2.0 class Il. The latter entities represent a spectrum of neoplasia in which
true malignancy is difficult to prove, except in rare examples by adverse biological outcome, since
convincing clinical, histopathological, and molecular data are not yet available for sufficient numbers
of neoplasms with sufficiently long follow-up to draw definitive conclusions. At present, there are
no definitive criteria for the distinction of class Il or IV lesions from class II. Nonetheless, the
progressive increase in number of abnormal features, including increasing age of the patient, tumor
diameter greater than 1cm, asymmetry, ulceration, aberrant nodular or sheet-like growth, severe
cytological atypia, necrosis, mitotic rates at least 3 to 6 per mm? (depending on patient age), loss of
p16 expression, diffuse (ie >75% nuclear, grade 4+) expression of PRAME, Ki67 greater than 10% to
20%, 3 or more genetic alterations or copy number variations (as seen in melanoma), CDKN2A
biallelic deletions, TERT promoter alterations, and BAP] alterations in blue nevus-derived tumors, are
associated with increasing probability for melanoma.*”->° Thus, because of frequent confusion with
melanoma, complete removal of these lesions is considered prudent standard practice in line with
class Il lesions. However, exceptions to these guidelines may be invoked and re-excision considered
unnecessary for some neoplasms.

Another issue pertinent to the development of MPATH-Dx V2.0 is the increasing controversy
and debate about a putative epidemic of melanoma. That is, is the incidence of melanoma truly
increasing, is it simply an artifact that can be explained away by distinct trends in patient care, or is it
a combination of both?®">* Evidence suggests that the increased incidence of melanoma can be
attributed to a combination of greatly increased screening of individuals for melanoma, increased
rates of biopsy of ever smaller clinical lesions, and increased rates of overinterpretation of small and
superficial atypical melanocytic nevi and related lesions as melanoma by pathologists. The latter
trend by pathologists has been ascribed to so-called diagnostic drift, the implementation of
diagnostic criteria that are overly sensitive for melanoma, and also to medicolegal concerns.>>>”
Important considerations are that mortality rates of melanoma remain flat over time and that a
subset of pT1a melanomas comprises lesions with minimal risk for recurrence or metastasis (as is also
the case for melanoma in situ).*' It is envisioned that the latter subset of melanomas with very
low-risk properties, as proposed in the new MPATH-Dx V2.0 class Ill, may eventually be reclassified
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as atypical neoplasms rather than melanoma. This could result in not only fewer patients burdened
with the diagnosis of melanoma but also diminished intervention for staging and therapy.

Limitations

A limitation of the MPATH-Dx V2.0 schema is the continued use of subjective morphological criteria
for the interpretation and classification of melanocytic lesions. However, this cannot be
circumvented until a precise genetic alteration or alterations with histopathological associations has
been established for distinguishing melanocytic lesions with substantial risk for progression to
melanoma vs those without such risk. However, the threshold criteria used in MPATH-Dx V2.0
provide a reasonably rational basis for classification and decision-making, and studies are underway
to confirm increased accuracy and reproducibility.

Conclusions

We expect that the implementation of the new revised MPATH-Dx V2.0 schema into routine practice
will provide a robust tool and adjunct for standardized diagnostic reporting of melanocytic lesions
and management of patients to the benefit of both health care practitioners and patients.
Nonetheless, it is clear that additional study is needed to confirm the positive impact of this tool on
clinical practice and health care.

ARTICLE INFORMATION
Accepted for Publication: November 16, 2022.

Published: January 11, 2023. doi:10.1001/jamanetworkopen.2022.50613

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2023 Barnhill RL
et al. JAMA Network Open.

Corresponding Author: Raymond L. Barnhill, MD, Department of Translational Research, Institut Curie,
26 rue d'Ulm, 75005 Paris, France (raymond.barnhill@curie.fr).

Author Affiliations: Department of Translational Research, Institut Curie, Unit of Formation and Research of
Medicine University of Paris, Paris, France (Barnhill); Department of Pathology and Laboratory Medicine, Hospital
of the University of Pennsylvania, Philadelphia (Elder, Xu); Division of Dermatology, Department of Medicine,
University of Washington School of Medicine, Seattle (Piepkorn); Dermatopathology Northwest, Bellevue,
Washington (Piepkorn); Pathology Associates, Clovis, California (Knezevich); Department of Biostatistics,
University of Washington School of Medicine, Seattle (Reisch); Department of Medicine, David Geffen School of
Medicine at University of California, Los Angeles (Eguchi, EImore); Departments of Pathology and Dermatology,
University of California, San Francisco (Bastian, Tetzlaff, Yeh); Department of Pathology, Division Laboratories,
Pharmacy and Biomedical Genetics University Medical Center Utrecht, Utrecht, the Netherlands (Blokx);
Departments of Dermatology, Pathology, and Immunobiology, Yale School of Medicine, New Haven, Connecticut
(Bosenberg); Department of Pathology, Memorial Sloan Kettering Cancer Center, New York, New York (Busam);
Cellular Pathology, South Warwickshire NHS Trust, Warwick, United Kingdom (Carr); Department of Pathology and
Laboratory Medicine, David Geffen School of Medicine at University of California, Los Angeles (Cochran);
Department of Histopathology, Royal Surrey NHS Foundation Trust, Guildford, United Kingdom (Cook); Pathology
Service, Massachusetts General Hospital, Harvard Medical School, Boston (Duncan); Department of Dermatology,
Hospital of the University of Pennsylvania, Philadelphia (Elenitsas); Department of Biopathology, Centre Léon
Bérard, Lyon, France (de la Fouchardiére); University of Lyon, Université Claude Bernard Lyon 1, National Center for
Scientific Research, Mixed Research Unit 5286, National Institute of Health and Medical Research U1052, Cancer
Research Centre of Lyon, Lyon, France (de la Fouchardiere); Department of Dermatology, Northwestern University
Feinberg School of Medicine, Chicago, lllinois (Gerami); Department of Pathology, Sahlgrenska University Hospital,
Gothenburg, Sweden (Johansson); Department of Anatomic Pathology, Cleveland Clinic, Cleveland, Ohio (Ko);
Department of Pathology, Escola Paulista de Medicina, Universidade Federal de Sao Paulo, Sdo Paulo, Brazil
(Landman); Departments of Pathology, Dermatology, and Genomic Medicine, The University of Texas MD
Anderson Cancer Center, Houston (Lazar); Departments of Pathology and Dermatology, University of Michigan,
Ann Arbor (Lowe); Section of Pathology, Department of Health Sciences, University of Florence, Florence, Italy
(Massi); Departments of Pathology and Cutaneous Oncology, Moffitt Cancer Center, Tampa, Florida (Messina);

[5 JAMA Network Open. 2023;6(1):e2250613. doi:10.1001/jamanetworkopen.2022.50613 January 11,2023 1/15

Downloaded from jamanetwork.com by University of Chicago Libraries user on 02/29/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.50613&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50613
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50613
mailto:raymond.barnhill@curie.fr

JAMA Network Open | Pathology and Laboratory Medicine Revision of the MPATH-Dx Classification Schema for Melanocytic Lesions

Department of Pathology and Molecular Pathology, University Hospital Zurich, Zurich, Switzerland (Mihic-Probst);
Departments of Pathology and Dermatology, Emory University School of Medicine, Atlanta, Georgia (Parker);
Department of Pathology, Boston Children’s Hospital, Harvard Medical School, Boston, Massachusetts (Schmidt);
Department of Dermatology, University of Chicago Medicine, Chicago, lllinois (Shea); Charles Perkins Centre, The
University of Sydney, Sydney, Australia (Scolyer); Melanoma Institute Australia, The University of Sydney, Sydney,
Australia (Scolyer); Faculty of Medicine and Health, The University of Sydney, Sydney, Australia (Scolyer); Tissue
Pathology and Diagnostic Oncology, Royal Prince Alfred Hospital and NSW Health Pathology, Sydney, Australia
(Scolyer); Tufts University, Boston, Massachusetts (Zembowicz); Lahey Clinic, Burlington, Massachusetts
(Zembowicz); Dermatopathology Consultations, Needham, Massachusetts (Zembowicz).

Author Contributions: Ms Eguchi and Dr Elmore had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Barnhill, Elder, Piepkorn, Bastian, Cochran, Gerami, Mihic-Probst, Shea, Scolyer.

Acquisition, analysis, or interpretation of data: Barnhill, Elder, Knezevich, Reisch, Eguchi, Blokx, Busam, Carr,
Cochran, Cook, Duncan, Elenitsas, de la Fouchardiére, Johansson, Ko, Landman, Lazar, Lowe, Massi, Messina,
Parker, Schmidt, Scolyer, Tetzlaff, Xu, Yeh, Zembowicz, EImore, Bosenberg.

Drafting of the manuscript: Barnhill, Reisch, Bastian, Carr, Cochran, Shea.

Critical revision of the manuscript for important intellectual content: Barnhill, Elder, Piepkorn, Knezevich, Eguchi,
Blokx, Busam, Carr, Cook, Duncan, Elenitsas, de la Fouchardiére, Gerami, Johansson, Ko, Landman, Lazar, Lowe,
Massi, Messina, Mihic-Probst, Parker, Schmidt, Scolyer, Tetzlaff, Xu, Yeh, Zembowicz, Elmore, Bosenberg.

Obtained funding: Elmore.

Administrative, technical, or material support: Barnhill, Piepkorn, Reisch, Eguchi, Cochran, Cook, Gerami, Lowe,
Schmidt, Xu, EImore, Bosenberg.

Supervision: Barnhill, Knezevich, Elenitsas, Parker.

Conflict of Interest Disclosures: Drs Barnhill, Elder, and Piepkorn reported receiving grants from the National
Institutes of Health (NIH) during the conduct of the study. Ms Eguchi reported receiving grants from NIH during
the conduct of the study. Dr Elenitsas reported receiving personal fees from Wolters Kluwer outside the submitted
work. Dr Gerami reported receiving personal fees from Castle Biosciences, Myriad Genetics, and DermTech fee
outside the submitted work. Dr Lazar reported receiving personal fees from Bio-Al Health, College of American
Pathologists (CAP), Caris, Elsevier, lllumina, Invitae, Nucleai, Paige, SpringerNature, and Tempus outside the
submitted work; in addition, Dr Lazar has a patent for a system and method to quantify tumor-infiltrating
lymphocytes pending. Dr Shea reported receiving personal fees from Castle Biosciences and Orlucent during the
conduct of the study. Dr Scolyer reported receiving grants from National Health and Medical Research Council of
Australia (NHMRC) during the conduct of the study and personal fees from F. Hoffmann-La Roche, Evaxion,
Provectus Biopharmaceuticals Australia, Qbiotics, Novartis, Merck Sharp & Dohme, from NeraCare, Amgen, Bristol
Myers Squibb, Myriad Genetics, GlaxoSmithKline, and MetaOptima Technology outside the submitted work. Dr
Elmore reported serving as editor-in-chief for adult primary care topics at UpToDate outside of the submitted
work. No other disclosures were reported.

Funding/Support: This work was supported by the National Cancer Institute (grant No. RO1 CA201376 [Dr
Elmore] and R35CA220481 [Dr Bastian]), as well as the Melanoma Research Alliance (grant No. 622600 [Dr
Elmore]) and the Office of the Assistant Secretary of Defense for Health Affairs through the Melanoma Research
Program under award No. W81XWH-20-1-0797 (Dr Elmore).

Role of the Funder/Sponsor: The funder had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: The content of this report is solely the responsibility of the authors and does not necessarily represent
the official views of the National Institutes of Health.

Additional Contributions: We thank the M-Path and REMI study participants for their commitment to improving
clinical care in dermatopathology, as well as participants in the annual International Melanoma Pathology Study
Group Workshop for their consistent support refining a standardized classification tool for the field.

REFERENCES
1. Barnhill RL. Criteria for Melanocytic Lesions: An Introduction. Institut Curie; 2022.

2. Radick AC, Reisch LM, Shucard HL, et al. Terminology for melanocytic skin lesions and the MPATH-Dx
classification schema: a survey of dermatopathologists. J Cutan Pathol. 2021;48(6):733-738. doi:10.1111/cup.13873

[5 JAMA Network Open. 2023;6(1):e2250613. doi:10.1001/jamanetworkopen.2022.50613 January 11,2023 12/15

Downloaded from jamanetwork.com by University of Chicago Libraries user on 02/29/2024


https://dx.doi.org/10.1111/cup.13873

JAMA Network Open | Pathology and Laboratory Medicine Revision of the MPATH-Dx Classification Schema for Melanocytic Lesions

3. Duray PH, DerSimonian R, Barnhill R, et al. An analysis of interobserver recognition of the histopathologic
features of dysplastic nevi from a mixed group of nevomelanocytic lesions. J Am Acad Dermatol. 1992;27(5 Pt 1):
741-749. doi:10.1016/0190-9622(92)70248-E

4. Duncan LM, Berwick M, Bruijn JA, Byers HR, Mihm MC, Barnhill RL. Histopathologic recognition and grading of
dysplastic melanocytic nevi: an interobserver agreement study. J Invest Dermatol. 1993;100(3):318S-321S. doi:
10.1038/jid.1993.55

5. Corona R, Mele A, Amini M, et al. Interobserver variability on the histopathologic diagnosis of cutaneous
melanoma and other pigmented skin lesions. J Clin Oncol. 1996;14(4):1218-1223. doi:10.1200/JC0.1996.14.4.1218

6. Meyer LJ, Piepkorn M, Goldgar DE, et al. Interobserver concordance in discriminating clinical atypia of
melanocytic nevi, and correlations with histologic atypia. J Am Acad Dermatol. 1996;34(4):618-625. doi:10.1016/
S0190-9622(96)80061-2

7. Farmer ER, Gonin R, Hanna MP. Discordance in the histopathologic diagnosis of melanoma and melanocytic
nevi between expert pathologists. Hum Pathol. 1996;27(6):528-531. doi:10.1016/S0046-8177(96)90157-4

8. Barnhill RL, Argenyi ZB, From L, et al. Atypical Spitz nevi/tumors: lack of consensus for diagnosis, discrimination
from melanoma, and prediction of outcome. Hum Pathol. 1999;30(5):513-520. doi:10.1016/S0046-8177(99)
90193-4

9. Gerami P, Busam K, Cochran A, et al. Histomorphologic assessment and interobserver diagnostic reproducibility
of atypical spitzoid melanocytic neoplasms with long-term follow-up. Am J Surg Pathol. 2014;38(7):934-940. doi:
10.1097/PAS.0000000000000198

10. Barnhill RL, Argenyi Z, Berwick M, et al. Atypical cellular blue nevi (cellular blue nevi with atypical features):
lack of consensus for diagnosis and distinction from cellular blue nevi and malignant melanoma (“malignant blue
nevus"). Am J Surg Pathol. 2008;32(1):36-44. doi:10.1097/PAS.0b013e3181573aaf

11. Elmore JG, Barnhill RL, Elder DE, et al. Pathologists' diagnosis of invasive melanoma and melanocytic
proliferations: observer accuracy and reproducibility study. BMJ. 2017;357:j2813. doi:10.1136/bm;.j2813

12. Piepkorn MW, Barnhill RL, Elder DE, et al. The MPATH-Dx reporting schema for melanocytic proliferations and
melanoma. J Am Acad Dermatol. 2014;70(1):131-141. doi:10.1016/j.jaad.2013.07.027

13. D'Orsi CJ, Bassett WA, Geig SA, et al. ACR BI-RADS mammography. In: D'Orsi CJ, Bassett WA, Geig SA, et al. ACR
Breast Imaging Reporting and Data System, Breast Imaging Atlas. 4th ed. American College of Radiology; 2003:
193-198.

14. Piepkorn MW, Eguchi MM, Barnhill RL, et al. Reproducibility of the histopathologic diagnosis of melanoma and
related melanocytic lesions: results from a testing study and a reference guide for providers. JAAD Int. 2022;
9:7-10. doi:10.1016/j.jdin.2022.06.017

15. Weinstock MA, Barnhill RL, Rhodes AR, Brodsky GL; The Dysplastic Nevus Panel. Reliability of the
histopathologic diagnosis of melanocytic dysplasia. Arch Dermatol. 1997;133(8):953-958. doi:10.1001/archderm.
1997.03890440019002

16. Katz |, O'Brien B, Clark S, et al. Assessment of a diagnostic classification system for management of lesions to
exclude melanoma. JAMA Netw Open. 2021;4(12):e2134614. doi:10.1001/jamanetworkopen.2021.34614

17. Barnhill RL, Kiryu H, Sober AJ, Mihm MC Jr. Frequency of dysplastic nevi among nevomelanocytic lesions
submitted for histopathologic examination. Time trends over a 37-year period. Arch Dermatol. 1990;126(4):
463-465. doi:10.1001/archderm.1990.01670280047007

18. Whiteman DC, Pavan WJ, Bastian BC. The melanomas: a synthesis of epidemiological, clinical,
histopathological, genetic, and biological aspects, supporting distinct subtypes, causal pathways, and cells of
origin. Pigment Cell Melanoma Res. 2011;24(5):879-897. doi:10.1111/j.1755-148X.2011.00880.x

19. Bastian BC. The molecular pathology of melanoma: an integrated taxonomy of melanocytic neoplasia. Annu
Rev Pathol. 2014;9:239-271. doi:10.1146/annurev-pathol-012513-104658

20. Elder DE, Massi D, Scolyer RA, Willemze R. WHO Classification of Skin Tumours. 4th ed. International Agency
for Research on Cancer; 2018.

21. Taylor LA, Eguchi MM, Reisch LM, et al. Histopathologic synoptic reporting of invasive melanoma: how reliable
are the data? Cancer. 2021;127(17):3125-3136. doi:10.1002/cncr.33612

22. Rhodes AR, Mihm MC Jr, Weinstock MA. Dysplastic melanocytic nevi: a reproducible histologic definition
emphasizing cellular morphology. Mod Pathol. 1989;2(4):306-319.

23. Xiong MY, Rabkin MS, Piepkorn MW, et al. Diameter of dysplastic nevi is a more robust biomarker of increased
melanoma risk than degree of histologic dysplasia: a case-control study. J Am Acad Dermatol. 2014;71(6):1257-
1258.e4. doi:10.1016/j.jaad.2014.07.030

[5 JAMA Network Open. 2023;6(1):e2250613. doi:10.1001/jamanetworkopen.2022.50613 January 11,2023 13/15

Downloaded from jamanetwork.com by University of Chicago Libraries user on 02/29/2024


https://dx.doi.org/10.1016/0190-9622(92)70248-E
https://dx.doi.org/10.1038/jid.1993.55
https://dx.doi.org/10.1200/JCO.1996.14.4.1218
https://dx.doi.org/10.1016/S0190-9622(96)80061-2
https://dx.doi.org/10.1016/S0190-9622(96)80061-2
https://dx.doi.org/10.1016/S0046-8177(96)90157-4
https://dx.doi.org/10.1016/S0046-8177(99)90193-4
https://dx.doi.org/10.1016/S0046-8177(99)90193-4
https://dx.doi.org/10.1097/PAS.0000000000000198
https://dx.doi.org/10.1097/PAS.0b013e3181573aaf
https://dx.doi.org/10.1136/bmj.j2813
https://dx.doi.org/10.1016/j.jaad.2013.07.027
https://dx.doi.org/10.1016/j.jdin.2022.06.017
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archderm.1997.03890440019002&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50613
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archderm.1997.03890440019002&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50613
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.34614&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50613
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archderm.1990.01670280047007&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50613
https://dx.doi.org/10.1111/j.1755-148X.2011.00880.x
https://dx.doi.org/10.1146/annurev-pathol-012513-104658
https://dx.doi.org/10.1002/cncr.33612
https://www.ncbi.nlm.nih.gov/pubmed/2762287
https://dx.doi.org/10.1016/j.jaad.2014.07.030

JAMA Network Open | Pathology and Laboratory Medicine Revision of the MPATH-Dx Classification Schema for Melanocytic Lesions

24. Bruijn JA, Berwick M, Mihm MC Jr, Barnhill RL. Common acquired melanocytic nevi, dysplastic melanocytic
nevi and malignant melanomas: an image analysis cytometric study. J Cutan Pathol. 1993;20(2):121-125. doi:10.
1M1/j1600-0560.1993.tb00227.x

25. Schmidt B, Weinberg DS, Hollister K, Barnhill RL. Analysis of melanocytic lesions by DNA image cytometry.
Cancer.1994,73(12):2971-2977. doi:10.1002/1097-0142(19940615)73:12<2971:: AID-CNCR2820731214>3.0.CO;2-T

26. Shors AR, Kim S, White E, et al. Dysplastic naevi with moderate to severe histological dysplasia: a risk factor
for melanoma. Br J Dermatol. 2006;155(5):988-993. doi:10.1111/j.1365-2133.2006.07466.x

27. Cook MG, Clarke TJ, Humphreys S, et al. The evaluation of diagnostic and prognostic criteria and the
terminology of thin cutaneous malignant melanoma by the CRC Melanoma Pathology Panel. Histopathology.
1996;28(6):497-512. doi:10.1046/].1365-2559.1996.d01-464.x

28. Fleming NH, Egbert BM, Kim J, Swetter SM. Reexamining the threshold for reexcision of histologically
transected dysplastic nevi. JAMA Dermatol. 2016;152(12):1327-1334. doi:10.1001/jamadermatol.2016.2869

29. Hiscox B, Hardin MR, Orengo IF, Rosen T, Mir M, Diwan AH. Recurrence of moderately dysplastic nevi with
positive histologic margins. J Am Acad Dermatol. 2017;76(3):527-530. doi:10.1016/j.jaad.2016.09.009

30. Kim CC, Berry EG, Marchetti MA, et al; Pigmented Lesion Subcommittee, Melanoma Prevention Working
Group. Risk of subsequent cutaneous melanoma in moderately dysplastic nevi excisionally biopsied but with
positive histologic margins. JAMA Dermatol. 2018;154(12):1401-1408. doi:10.1001/jamadermatol.2018.3359

31. Fleming NH, Shaub AR, Bailey E, Swetter SM. Outcomes of surgical re-excision versus observation of severely
dysplastic nevi: A single-institution, retrospective cohort study. J Am Acad Dermatol. 2020;82(1):238-240. doi:10.
1016/j.jaad.2019.07.033

32. Soleymani T, Swetter SM, Hollmig ST, Aasi SZ. Adequacy of conservative 2- to 3-mm surgical margins for
complete excision of biopsy-proven severely dysplastic nevi: Retrospective case series at a tertiary academic
institution. J Am Acad Dermatol. 2020;83(1):254-255. doi:10.1016/j.jaad.2019.12.077

33. Hiscox B, Hardin MR, Orengo IF, Rosen T, Mir M, Diwan AH. Recurrence of moderately dysplastic nevi with
positive histologic margins. J Am Acad Dermatol. 2017;76(3):527-530. doi:10.1016/j.jaad.2016.09.009

34. Breslow A. Thickness, cross-sectional areas and depth of invasion in the prognosis of cutaneous melanoma.
Ann Surg.1970;172(5):902-908. doi:10.1097/00000658-197011000-00017

35. Clark WH Jr, Elder DE, Guerry D IV, et al. Model predicting survival in stage | melanoma based on tumor
progression. J Natl Cancer Inst. 1989;81(24):1893-1904. doi:10.1093/jnci/81.24.1893

36. Barnhill RL, Fine JA, Roush GC, Berwick M. Predicting five-year outcome for patients with cutaneous
melanoma in a population-based study. Cancer. 1996;78(3):427-432. doi:10.1002/(SICI)1097-0142(19960801)78:
3<427::AID-CNCR8>3.0.CO;2-G

37. Elder DE, Guerry D IV, Epstein MN, et al. Invasive malignant melanomas lacking competence for metastasis.
Am J Dermatopathol. 1984;6(suppl):55-61.

38. Lo SN, Scolyer RA, Thompson JF. Long-term survival of patients with thin (t1) cutaneous melanomas:
a Breslow thickness cut point of 0.8 mm separates higher-risk and lower-risk tumors. Ann Surg Oncol. 2018;25(4):
894-902. doi:10.1245/510434-017-6325-1

39. Ronan SG, Eng AM, Briele HA, Shioura NN, Das Gupta TK. Thin malignant melanomas with regression and
metastases. Arch Dermatol. 1987;123(10):1326-1330. doi:10.1001/archderm.1987.01660340088026

40. Guitart J, Lowe L, Piepkorn M, et al. Histological characteristics of metastasizing thin melanomas: a case-
control study of 43 cases. Arch Dermatol. 2002;138(5):603-608. doi:10.1001/archderm.138.5.603

41. Eguchi MM, Elder DE, Barnhill RL, et al. Prognostic modeling of cutaneous melanoma stage | patients using
cancer registry data identifies subsets with very-low melanoma mortality. Cancer. 2022. doi:10.1002/cncr.34490
42. Clark WH Jr, From L, Bernardino EA, Mihm MC. The histogenesis and biologic behavior of primary human
malignant melanomas of the skin. Cancer Res. 1969;29(3):705-727.

43. Elder DE, Bastian BC, Cree IA, Massi D, Scolyer RA. The 2018 World Health organization classification of
cutaneous, mucosal, and uveal melanoma: detailed analysis of 9 distinct subtypes defined by their evolutionary
pathway. Arch Pathol Lab Med. 2020;144(4):500-522. doi:10.5858/arpa.2019-0561-RA

44. Tsao H, Bevona C, Goggins W, Quinn T. The transformation rate of moles (melanocytic nevi) into cutaneous
melanoma: a population-based estimate. Arch Dermatol. 2003;139(3):282-288. doi:10.1001/archderm.139.3.282

45. Shain AH, Yeh |, Kovalyshyn I, et al. The genetic evolution of melanoma from precursor lesions. N Engl J
Med. 2015;373(20):1926-1936. doi:10.1056/NEJM0al502583

46. Shain AH, Bastian BC. From melanocytes to melanomas. Nat Rev Cancer. 2016;16(6):345-358. doi:10.1038/
nrc.2016.37

[5 JAMA Network Open. 2023;6(1):e2250613. doi:10.1001/jamanetworkopen.2022.50613 January 11,2023 14/15

Downloaded from jamanetwork.com by University of Chicago Libraries user on 02/29/2024


https://dx.doi.org/10.1111/j.1600-0560.1993.tb00227.x
https://dx.doi.org/10.1111/j.1600-0560.1993.tb00227.x
https://dx.doi.org/10.1002/1097-0142(19940615)73:12%3C2971::AID-CNCR2820731214%3E3.0.CO;2-T
https://dx.doi.org/10.1111/j.1365-2133.2006.07466.x
https://dx.doi.org/10.1046/j.1365-2559.1996.d01-464.x
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamadermatol.2016.2869&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50613
https://dx.doi.org/10.1016/j.jaad.2016.09.009
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamadermatol.2018.3359&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50613
https://dx.doi.org/10.1016/j.jaad.2019.07.033
https://dx.doi.org/10.1016/j.jaad.2019.07.033
https://dx.doi.org/10.1016/j.jaad.2019.12.077
https://dx.doi.org/10.1016/j.jaad.2016.09.009
https://dx.doi.org/10.1097/00000658-197011000-00017
https://dx.doi.org/10.1093/jnci/81.24.1893
https://dx.doi.org/10.1002/(SICI)1097-0142(19960801)78:3%3C427::AID-CNCR8%3E3.0.CO;2-G
https://dx.doi.org/10.1002/(SICI)1097-0142(19960801)78:3%3C427::AID-CNCR8%3E3.0.CO;2-G
https://www.ncbi.nlm.nih.gov/pubmed/6528943
https://dx.doi.org/10.1245/s10434-017-6325-1
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archderm.1987.01660340088026&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50613
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archderm.138.5.603&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50613
https://dx.doi.org/10.1002/cncr.34490
https://www.ncbi.nlm.nih.gov/pubmed/5773814
https://dx.doi.org/10.5858/arpa.2019-0561-RA
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archderm.139.3.282&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50613
https://dx.doi.org/10.1056/NEJMoa1502583
https://dx.doi.org/10.1038/nrc.2016.37
https://dx.doi.org/10.1038/nrc.2016.37

JAMA Network Open | Pathology and Laboratory Medicine Revision of the MPATH-Dx Classification Schema for Melanocytic Lesions

47. LeeS, Barnhill RL, Dummer R, et al. TERT promoter mutations are predictive of aggressive clinical behavior in
patients with Spitzoid melanocytic neoplasms. Sci Rep. 2015;5:11200. doi:10.1038/srep11200

48. Yeh |, Bastian BC. Melanoma pathology: new approaches and classification. Br J Dermatol. 2021;185(2):
282-293. doi:10.1111/bjd.20427

49. Ebbelaar CF, Jansen AML, Bloem LT, Blokx WAM. Genome-wide copy number variations as molecular
diagnostic tool for cutaneous intermediate melanocytic lesions: a systematic review and individual patient data
meta-analysis. Virchows Arch. 2021;479(4):773-783. doi:10.1007/s00428-021-03095-5

50. Ebbelaar CF, Schrader AMR, van Dijk M, et al; Molecular Evaluation of Melanocytic Ambiguous Tumors
(MOLEMAT) Investigators. Towards diagnostic criteria for malignant deep penetrating melanocytic tumors using
single nucleotide polymorphism array and next-generation sequencing. Mod Pathol. 2022;35(8):1110-1120. doi:10.
1038/s41379-022-01026-6

51. Swerlick RA, Chen S. The melanoma epidemic: is increased surveillance the solution or the problem? Arch
Dermatol. 1996;132(8):881-884. doi:10.1001/archderm.1996.03890320029004

52. Welch HG, Woloshin S, Schwartz LM. Skin biopsy rates and incidence of melanoma: population based
ecological study. BMJ. 2005;331(7515):481. doi:10.1136/bm;j.38516.649537.E0

53. Glusac EJ. The melanoma ‘epidemic': lessons from prostate cancer. J Cutan Pathol. 2012;39(1):17-20. doi:10.
1111/j.1600-0560.2011.01848.x

54. Welch HG, Mazer BL, Adamson AS. The rapid rise in cutaneous melanoma diagnoses. N Engl J Med. 2021;384
(1):72-79. doi:10.1056/NEJMsb2019760

55. Frangos JE, Duncan LM, Piris A, et al. Increased diagnosis of thin superficial spreading melanomas: a 20-year

study. JAm Acad Dermatol. 2012;67(3):387-394. doi:10.1016/j.jaad.2011.10.026

56. Semsarian CR, Ma T, Nickel B, et al. Do we need to rethink the diagnoses melanoma in situ and severely
dysplastic naevus? Br J Dermatol. 2022;186(6):1030-1032. doi:10.1111/bjd.21010

57. Gibson M, Scolyer RA, Soyer HP, et al. Estimating the potential impact of interventions to reduce over-calling
and under-calling of melanoma. J Eur Acad Dermatol Venereol. 2021;35(7):1519-1527. doi:10.1111/jdv.17189

SUPPLEMENT.
eTable. MPATH-Dx V2.0 Diagnostic Mapping Tool
eFigure. MPATH-Dx V2.0 Class Ill: Melanoma <0.8 mm pT1a-Ir

[5 JAMA Network Open. 2023;6(1):e2250613. doi:10.1001/jamanetworkopen.2022.50613 January 11,2023 15/15

Downloaded from jamanetwork.com by University of Chicago Libraries user on 02/29/2024


https://dx.doi.org/10.1038/srep11200
https://dx.doi.org/10.1111/bjd.20427
https://dx.doi.org/10.1007/s00428-021-03095-5
https://dx.doi.org/10.1038/s41379-022-01026-6
https://dx.doi.org/10.1038/s41379-022-01026-6
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archderm.1996.03890320029004&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50613
https://dx.doi.org/10.1136/bmj.38516.649537.E0
https://dx.doi.org/10.1111/j.1600-0560.2011.01848.x
https://dx.doi.org/10.1111/j.1600-0560.2011.01848.x
https://dx.doi.org/10.1056/NEJMsb2019760
https://dx.doi.org/10.1016/j.jaad.2011.10.026
https://dx.doi.org/10.1111/bjd.21010
https://dx.doi.org/10.1111/jdv.17189

