
From the Tufts

Dermatopatho

Laboratory M

Laboratories, W

Funding sources:

Conflicts of intere

IRB approval stat

Accepted for pub

Reprint request

Dermatopatho
Differing biologic behaviors of
desmoplastic melanoma subtypes:
Insights based on histopathologic,

immunohistochemical, and
genetic analyses
Kevin Yang, BS,a and Meera Mahalingam, MD, PhD, FRCPatha,b

Boston and West Roxbury, Massachusetts
Desmoplastic melanoma (DM) is an uncommon variant of melanoma that can be challenging to diagnose.
Phenotypic variations in terms of the proportion of spindled cells and fibromucinous stroma have led to the
subclassification of pure ([90% spindled cells) and mixed (\90% spindled cells admixed with epithelioid
cells) histopathologic DM subtypes. This subclassification is not just semantic; several studies have
underscored differences in clinical and prognostic behaviors of the subtypes. In this review, we parse the
literature on DM subtypes with an emphasis on histopathologic, immunohistochemical, and genetic data to
ascertain whether these factors influence and/or affect their differing biological behaviors.
Demographics regarding age, location, and clinical behavior of the subtypes are detailed, as is the impact
of dermoscopy as a diagnostic adjunct. Despite the plethora of markers used, our findings suggest that few
differentiate between the DM subtypes. Differential expression of PD-L1 suggests that patients with the
mixed subtype are likely better candidates for anti-PD/PD-L1 therapy. Significant differences between the
subtypes in terms of neurofibromin expression and the frequency of TERT promoter mutations
suggest that the subtypes have distinct genetic drivers. Thus, immunohistochemical and genetic analyses
imply that these likely affect the biological behaviors of the DM subtypes. ( J Am Acad Dermatol
2020;83:523-31.)

Key words: genetics; immunohistochemistry; mixed desmoplastic melanoma; pure desmoplastic
melanoma.
CLINICAL BEHAVIOR
In 2004, Busam et al1 underscored that ‘‘pheno-

typic heterogeneity of desmoplastic melanoma (DM)
is underrecognized.’’ These histopathologic differ-
ences in DM appear to influence clinical behavior,
although a recent study indicates otherwise.2

Hawkins et al3 were the first to compare the
clinical behavior and patient outcomes of the
DM subtypes. They observed that mDM had a
significantly higher 2- and 5-year melanoma-
specific mortality than pDM.3 In comparing patients
with DM and conventional melanoma (CM) with
University School of Medicine, Bostona; and

logy Section, Department of Pathology and

edicine, Veterans Adminstration Consolidated

est Roxbury.b

None.

st: None disclosed.

us: Not applicable.

lication February 6, 2020.

s: Meera Mahalingam, MD, PhD, FRCPath,

logy Section, VA-Integrated-Service-Network-1

REV 5.6.0 DTD � YMJD14230_pro
localized primary disease, they found no significant
difference in melanoma-specific mortality despite a
mean tumor depth of 4.5 mm for pDM and 2.1 mm
for CM.3 In contrast, a recent study on a cohort of
patients with pDM and superficial spreading
melanomas found an improved melanoma-specific
survival (MSS) for pDM versus superficial spreading
melanomas.4

Comparing patients with pDM and mDM,
Hawkins et al3 found less regional node metastasis,
less involvement/recurrence in the regional node
basin, and less local recurrence in the former. Pawlik
(VISN1), Department of Pathology and Laboratory Medicine

(113), 1400 VFW Pkwy, West Roxbury, MA 02132. E-mail: me@

meeramahalingam.com.

Published online February 14, 2020.

0190-9622

Published by Elsevier on behalf of the American Academy of

Dermatology, Inc.

https://doi.org/10.1016/j.jaad.2020.02.014

523

of � 21 June 2020 � 1:11 pm

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaad.2020.02.014&domain=pdf
mailto:me@meeramahalingam.com
mailto:me@meeramahalingam.com
https://doi.org/10.1016/j.jaad.2020.02.014


J AM ACAD DERMATOL

AUGUST 2020
524 Yang and Mahalingam
et al5 corroborated this and found that the incidence
of positive sentinel lymph nodes between mDM and
non-DM were comparable. George et al6 found no
lymph node metastasis in patients with pDM but
observed nodal metastases in patients with mDM,
arguing against sentinel lymph node biopsies for
pDM.
CAPSULE SUMMARY

d Immunohistochemical and genetic
analyses of the DM) subtypes suggest
that these likely affect their different
biological behaviors.

d The clinical differences between the DM
subtypes, with mixed DM being the
more aggressive subtype, help guide
management of the disease.
Han et al7 found a 27%
nodal metastatic rate in pa-
tients with mDM, signifi-
cantly higher than the 17%
for patients with pDM.
Despite this, the number of
patients with pDM with
nodal disease was still sub-
stantial.7 They also noted that
although the histopathologic
subtype can predict nodal
status, it does not necessarily
predict MSS.7 They sug-
gested that even though
[F1-4/C]
mDMs can have an increased nodal metastasis rate,
once the tumors spread lymphatically, they follow a
similar disease course regardless of the subtype,
arguing in favor of sentinel lymph node biopsies
being performed on both subtypes.7

Regarding local recurrence, Pawlik et al5

observed no cases of local recurrence after resection
of pDM. They attributed this to their aggressive
resection approach (wide excision with at least
2-cm margins).5 Despite this, they observed
recurrences in 21% of mDMs, providing further
evidence of the clinical relevance of histopathologic
subtyping of DM.5

DEMOGRAPHICS
Regarding age, our summary indicates that the

median age is similar between patients with pDM
and mDM but surpasses that of patients with non-
DM3,5 (Table I).

Regarding sex predilection, our synopsis shows
that male patients are affected more commonly with
similar frequencies in mDM and pDM. In contrast,
some studies found that pDM was more frequent
in male patients.5,6,8 Notably, Howard et al4 found
the male incidence to be 67% vs 49% in pDM vs
non-DM.

Regarding location, our summary shows that
mDM and pDM seem to occur in the head and
neck region with similar frequencies (Table I).
Notably, Hawkins et al3 found that both mDM and
pDM occurred here significantly more than non-DM.
Although both subtypes occur in the trunk with
similar frequency, mDM is more frequent in the
extremities (Table I).
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ANCILLARY STUDIES
Dermoscopy

Emerging evidence suggests that dermoscopy can
be a clinically useful supplementary tool to identify
DM.9-11 Debarbieux et al,9 the first to describe
dermoscopic characteristics of DM retrospectively,
found an absence of classic criteria in half and
of � 21 June 2020 � 1:11
attributed this to the fact
that these were clinically
hypopigmented. Abnormal
vascular patterns/regression
were clinically useful fea-
tures in identifying DM.9

Jaimes et al10 looked at the
DM subtypes from 8 different
melanoma centers to analyze
their common phenotypic
traits. They noted that in 16
of 37 cases (8 mDM and 8
pDM), a malignant neoplasm
diagnosis was not even
considered, and the patients were inefficiently given
unsuccessful treatments before biopsies were
performed.10 They found that 57% of all DMs
lacked melanocytic structures (pigment networks/
aggregated globules/streaks/negative networks).10

Despite this, they noted that all DMs showed at least
1 melanoma-specific structure (81% atypical vascular
structures, 32% peppering/crystalline structures,
24% annular granular pattern, 19% blue-white
veils/atypical globules, 14% atypical networks, 8%
scar-like areas/off-center blotches, and 3%
peripheral tan/structureless areas).10 Both subtypes
contained atypical vascular structures (81%).10 Of
note, peppering was more common in pDM than
mDM (44% vs 24%).10 For mDM, there was more
variety in melanoma-specific structures not found in
pDM (negative networks, follicular obliteration,
off-center blotches, peripheral tan/structureless
areas).10 Lentigo maligna was the most frequently
associated epidermal component (60% of pDM, 50%
mDM).10
HISTOPATHOLOGY
Cytomorphology

The pDM subtype exhibits more than 90%
spindled cells, whereas mDM exhibits less than
90% spindled cells with admixed epithelioid cells
(Fig 1). These cutoffs have been used in several
studies with and without modifications.3-5,7,10,12-15

For example, Howard et al4 classified cases as pDM if
they contained at least 80% desmoplastic features,
and Hawkins et al3 classified cases as pDM if they
exhibited 80% to 90% desmoplastic features.
pm



Abbreviations used:

CM: conventional melanoma
DM: desmoplastic melanoma
mDM: mixed desmoplastic melanoma
MDM-CMP: mixed desmoplastic melanoma,

conventional melanoma
predominant

MDM-DMP: mixed desmoplastic melanoma, des-
moplastic melanoma predominant

MSS: melanoma-specific survival
pDM: pure desmoplastic melanoma
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Lawrence et al14 and Kraft et al15 classified cases as
mDM only if the desmoplastic component was at
least 50% but less than 90%.

Borderline cellularity was a term used for
regions of cellular density between that of CM
cytomorphology and classic DM, and neurotropic
melanoma was a term used for cases
composed predominantly of neuromatous-
appearing elements.6 In cases that showed more
than 1 histopathologic pattern, the investigators
determined the proportions of classic DM, CM,
neurotropic melanoma, and borderline cellularity.6

Notably, areas with neurotropic cytomorphology
were placed in the classic DM category.6 Using these
guidelines, the investigators divided DM into 3
subtypes: pDM (at least 90% classic DM); mixed
DM, DM predominant (MDM-DMP) (50%-90%
classic DM); and mixed DM, CM predominant
(MDM-CMP) (10%-50% classic DM).6 In the current
literature, few studies use this detailed
subclassification.6,16,17 Using these cutoffs, we
previously found that, of the total DMs, 39% were
MDM-DMP and 61% were MDM-CMP.16,17 George
et al6 claimed that they found no significant
differences in the data between MDM-DMP and
MDM-CMP, and subsequently combined them into
1 mDM group.6 Our own experience suggests that
this conclusion may not be valid because we have
shown differences in PD-L1 expression between
MDM-CMP, MDM-DMP, and pDM.17

Looking specifically at pDM, Stowman et al18

noted scattered lymphocytic aggregates (termed
tertiary lymph lymphoid structures) within the lesion
or in the periphery in 91% cases, leading them to
suggest that lymphoid aggregates may be helpful in
recognizing pDM.

In a study detailing fine-needle biopsy
characteristics, Murali et al19 noted that pDMs were
composed of spindled and epithelioid cells (40%) or
predominantly spindled cells (60%), whereas mDMs
were composed of epithelioid cells (60%), a
combination of spindled and epithelioid (27%), or
just spindled cells (13%).19 Compared with CM, pDM
REV 5.6.0 DTD � YMJD14230_pro
showed significantly lower cellularity and less
intranuclear cytoplasmic invaginations, whereas
mDM showed significantly less prominent nuclei
and more intracellular cytoplasmic invaginations.19

They also found that the mDM subtype was
composed of significantly fewer bizarre/giant tumor
cells and contained epithelioid cells more often than
pDM.19

Prognosticators
We found that perineural invasion is less

commonly associated with mDM compared with
pDM (34% vs 44%) (Table I). In contrast, Conic
et al2 found no difference in perineural invasion
between mDM and pDM (42% vs 40% respectively).

We found a smaller median depth for mDM
compared with pDM (3 vs 3.6 mm) (Table I).
Pawlik et al5 corroborated this and noted that pDM
is more invasive than CM (3.5 vs 1.5 mm). Although
several studies confirm this, there are others
contradicting it (Table I). Hawkins et al3 found the
depth of pDM to be significantly less than that of
mDM and significantly more than that of CM (mean:
4.8 mm, 6.5 mm, and, 2.1 mm, respectively).
Maurichi et al20 found no significant difference
between the thickness of pDM and mDM. Despite
the greater depth, pDM has a lower rate of
recurrence and less regional node involvement
compared with mDM.

We found that ulceration occurs more frequently
in mDM versus pDM (Table I). In contrast, Busam
et al1 found higher rates of ulceration in pDM
compared with mDM.1 Although we corroborated
this previously, our rates were overall lower in
both.21 Howard et al4 found that ulceration occurred
more often in pDM than CM. Of note, Pawlik et al5

found that ulceration occurred less frequently in
pDM compared with both mDM and CM.

We found that regression and histopathologic
pigmentation were more frequent in mDM than in
pDM (Table I).

Regarding an overlying in situ component, de
Almeida et al12 found that mDM and pDM had a
similar frequency, a finding different from ours of a
slightly higher incidence in mDM compared with
pDM (78% vs 61%, respectively).12,21

IMMUNOHISTOCHEMISTRY
S100 protein

Regarding S100P immunoreactivity, to date, there
does not appear to be any significant difference
between the subtypes (99% pDM and 100% mDM)
(Table II22-25). Using an intensity-based scoring
criterion (0-2), Ramos-Herberth et al26 found that in
pDM, the average staining scores were 1.8 and 2
of � 21 June 2020 � 1:11 pm



Table I. Chronological review of published studies regarding histopathologic and demographic information of desmoplastic melanoma subtypes

References Sample size

Thickness,

mm

Ulceration,

% PNI

Regression,

%

Pigmentation,

%

Median

age, y Male, %

Head and

neck, %

Trunk,

%

Extremity,

% Conclusions

20041 mDM: n = 37 mDM: 5.0* mDM: 76 mDM: 54 NP NP mDM: 61 mDM: 70 mDM: 65 mDM: 14 mDM: 22 Classifying DM into subtypes
may allow for more
consistency in future analysis.

pDM: n = 55 pDM: 3.6* pDM: 84 pDM: 58 NP NP pDM: 65 pDM: 58 pDM: 53 pDM: 22 pDM: 26

20053 mDM: n = 39 mDM: 5.5* NP NP NP mDM: 38 mDM: 64 mDM: 90* mDM: 49 mDM: 23 mDM: 28 pDM is associated with more
favorable outcomes compared
with mDM and CM.

pDM: n = 92 pDM: 3.6* NP NP NP pDM: 43 pDM: 63 pDM: 61* pDM: 51 pDM: 23 pDM: 26

20065 mDM: n = 19 mDM: 1.7* mDM: 28* NP NP NP mDM: 64 mDM: 53 mDM: 28 mDM: 39 mDM: 33 pDM has a lower incidence of
positive SLN compared to
mDM, thus SLNB is not
recommended for pDM.

pDM: n = 46 pDM: 3.5* pDM: 7* NP NP NP pDM: 61 pDM: 59 pDM: 21 pDM: 34 pDM: 45

200812 mDM: n = 62 mDM: 3.0 mDM: 15 mDM: 34 mDM: 10 mDM: 37* mDM: 70 mDM: 44 mDM: 73 mDM: 15 mDM: 8 Clinicians should be more
wary of DM because it can be
commonly misdiagnosed.

pDM: n = 51 pDM: 4.0 pDM: 10 pDM: 37 pDM: 6 pDM: 20* pDM: 72 pDM: 53 pDM: 74 pDM: 14 pDM: 2

20096 mDM: n = 43 mDM: 3.0 mDM: 12 mDM: 28 mDM: 2 mDM: 67 mDM: 66 mDM: 56 mDM: 44 mDM: 19 mDM: 37 pDM has less nodal
involvement than mDM and
does not support routine
SLNB.

pDM: n = 44 pDM: 2.5 pDM: 7 pDM: 41 pDM: 0 pDM: 36 pDM: 69 pDM: 64 pDM: 61 pDM: 16 pDM: 23

20108 mDM: n = 129 mDM: 2.2* mDM: 25 mDM: 27* NP NP mDM: 59 mDM: 61 mDM: 19* mDM: 29 mDM: 53 SLN involvement was lower in
DM compared with CM.
DM should be evaluated
routinely in patients with
primary cutaneous
melanomas.

pDM: n = 123 pDM: 2.9* pDM: 19 pDM: 44* NP NP pDM: 62 pDM: 72 pDM: 33* pDM: 29 pDM: 38

201020 mDM: n = 124 mDM: 1.9 mDM: 23 mDM: 26 NP mDM: 48 mDM: 63* mDM: 71 mDM: 55 mDM: 27 mDM: 19 Limited excision width is
associated with significantly
higher local recurrence rate
and mortality in pDM.

pDM: n = 118 pDM: 2.1 pDM: 22 pDM: 36 NP pDM: 39 pDM: 65* pDM: 68 pDM: 56 pDM: 25 pDM: 19

201221 mDM: n = 19 mDM: 5.5 NP mDM: 78 NP mDM: 50 mDM: 75 mDM: 44 NP NP NP Significant differences in
expression of Ki-67 and
CD117 were found between
pDM and mDM in the cohort.

pDM: n = 24 pDM: 3.7 NP pDM: 61 NP pDM: 52 pDM: 70 pDM: 61 NP NP NP

201310 mDM: n = 21 mDM: 2.8 mDM: 5 mDM: 19 mDM: 21 NP mDM: 70 mDM: 62 mDM: 48 mDM: 19 mDM: 14 Dermoscopy can help in
evaluating DM in the clinic.
Common clues include
peppering, atypical vascular
structures, and melanoma-
specific structures.

pDM: n = 16 pDM: 4.10 pDM: 0 pDM: 31 pDM: 6 NP pDM: 67 pDM: 56 pDM: 50 pDM: 31 pDM: 19
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(intraepidermal vs invasive component), whereas
in mDM, the average staining score was 2
(intraepidermal and invasive component).
Examining pDM alone, Plaza et al27 found that all
cases showed a strong and diffuse cytoplasmic/
nuclear staining pattern. Thus, S100P does not
appear to be a valuable discriminatory tool.

p75NGFR
Although our summary shows a higher p75NGFR

immunoreactivity in pDM compared with mDM
(75% vs 59%) (Table II), individual studies indicate
no significant difference between the subtypes, even
using different scoring criteria.21,28,29 Thus,
p75NGFR does not appear to discriminate between
the subtypes, with the caveat that Plaza et al27 looked
at only pDM, which might have skewed the data.

SOX10
Our summary shows similar SOX10 immuno-

positivity in the subtypes (96% pDM, 95% mDM)
(Table II). Using a scoring criterion based on
expression intensity alone, Ramos-Herberth et al26

corroborated this and demonstrated the utility of
SOX10 in staining both epidermal and dermal
components. Thus, SOX10 immunoreactivity ap-
pears to be of limited value as a discriminatory tool.

Microphthalmia transcription factor
Only select studies have specifically looked at

microphthalmia transcription factor (MITF) immu-
nostaining in the subtypes. Looking only at pDM,
while using a scoring criterion based on proportion
alone, Plaza et al27 found that 5% of pDMs were
MITF1. Using a scoring criterion based on the
intensity alone, Ramos-Herberth et al26 observed
that the intraepidermal component stained more
strongly than the dermal component in both
subtypes. There are insufficient data to determine
the utility of MITF as a discriminatory tool.

HMB45
Data regarding HMB45 immunostaining in the

subtypes is sparse (Table II). Comparing pDM to
mDM, our summary shows 16% versus 36%
HMB45 immunopositivity, respectively (Table II).
Comparing pDM to mDM and using criteria that
included intensity and proportion, Lazova et al28

found 0% pDM versus 60% mDM. Notably, in mDM,
only the CM component was immunopositive.28

Similarly, Pag�es et al30 found no expression of
HMB45 in pDM compared with 100% expression in
mDM. Looking at pDM alone, Plaza et al27 found
that 23% showed HMB45 immunoreactivity. Ramos-
Herberth et al26 found that there was strong staining
of � 21 June 2020 � 1:11 pm



Fig 1. Representative examples of desmoplastic melanoma subtypes. (Hematoxylin-eosin
stain.) A, Pure subtype. B, Mixed subtype.
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within the intraepidermal component but no staining
within the dermal component in both subtypes.
Thus, HMB45 appears limited as an immunodiscri-
minatory tool.

Ki-67
We found a significantly higher Ki-67 immunopo-

sitivity in mDM versus pDM (28% vs 5%,
respectively).17 In contrast, Lazova et al28 found
100% Ki-67 expression in pDM compared with 75%
in mDM, although statistical significance was not
ascertained. Notably, in pDM, the Ki-67 expression
was weak (\10% positivity), whereas in mDM, it was
strong (10%-50% immunopositivity).28 Thus, the
value of Ki-67 in the subtypes is still unclear.

PD-L1
We and others have found that mDM was more

likely to express PD-L1 compared with pDM after
controlling for confounding factors, suggesting that
patients with mDM are likely better candidates for
anti-PD/PD-L1 therapy.17,31 In contrast, Eroglu et al32

found no significant difference in PD-L1 expression
between the subtypes. We have also previously
shown that all PD-L1 immunopositive mDM cases
were of the MDM-CMP category and that PD-L1
expression was more prone to occur in the CM
component.17 These findings suggest that PD-L1
expression may be an indicator of an aggressive
immunophenotype. Using a much higher cutoff
($25% to denote positivity), Kraft et al15 showed
that tumoral PD-L1 expression significantly
correlated with mDM histopathology, tumor
thickness, mitoses, recurrence, and metastases.
They also observed that PD-L1 immunoexpression
correlated with poor progression-free survival and
poor MSS, and they showed that mDM also predicts
poor progression-free survival.15 Regarding treat-
ment, Eroglu et al32 evaluated unresectable
pDM and mDM cases that were treated with
REV 5.6.0 DTD � YMJD14230_pro
pembrolizumab/nivolumab/anti-PD-L1 antibody
BMS-936559, or a combination. After a median
follow-up of 22 months, they showed that 70% of
patients showed objective responses to treatment.32

Notably, the study found no statistical difference
between pDM and mDM in their objective response
rates or overall survival.32

CD117
We previously found a significantly higher CD117

expression in mDM (78%) compared with pDM
(26%).21 Examining pDM alone, Plaza et al27 found
that none of the pDM cases expressed CD117. Given
this, CD117 immunoexpression does appear to be of
discriminatory value.

GENETICS
RET

Narita et al33 showed a significantly higher
incidence of RETp in DM (61%) compared with
non-DM (31%). Looking at the subtypes, our
summary of 4 studies showed similar expression
of RETp in both pDM and mDM (30% vs 27%,
respectively) (Table III). Notably, Jahn et al34 found
a higher expression of RETp in mDM compared with
pDM (38% vs 25%).

NF1
Wiesner et al24 found no difference in NF1

mutations in the subtypes (86% pDM vs 100%
mDM). Looking for the neurofibromin protein as
an alternative to screening for NF1 mutations, we
found that neurofibromin loss was significantly more
common in pDM versus mDM (80% vs 56%).16

TERT
We observed significantly higher TERT promoter

mutation frequencies in mDM versus pDM (54% vs
23%), suggesting that the subtypes have distinct
genetic drivers.35 Conversely, albeit in a smaller
of � 21 June 2020 � 1:11 pm



Table II. Overview of studies on immunohistochemical markers for desmoplastic melanoma subtypes

References

S100 p75NGFR SOX10 MITF HMB45 CD117 Ki-67 KBA.62 Tyrosinase Nestin

pDM mDM pDM mDM pDM mDM pDM mDM pDM mDM pDM mDM pDM mDM pDM mDM pDM mDM pDM mDM

Ramos-Herbert
et al26

7/7 2/2 NP NP 7/7 2/2 1.7 in IE,
.25 in ID

2 in IE,
1 in ID

1.5 in E,
0 in ID

1 in E,
0 in ID

NP NP NP NP NP NP NP NP NP NP

Lazova et al28 5/5 5/5 5/5 5/5 NP NP NP NP 0/5 3/5 NP NP 3/3 3/4 NP NP NP NP NP NP
Plaza et al27 40/40 NP 38/40 NP 40/40 NP 2/40 NP 9/40 NP 0/40 NP NP NP 13/40 NP NP NP 40/40 NP
Miller et al21 NP NP 14/23 12/18 20/23 17/18 NP NP NP NP 6/23* 14/18* 5%* 28%* NP NP NP NP 19/23 16/18
Frydenlund
et al29

NP NP 15/24 13/19 NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP

Pag�es et al30 3/3 4/4 NP NP NP NP NP NP 0/4 4/4 NP NP NP NP 3/3 4/4 NP NP NP NP
George et al6 29/30 25/25 NP NP NP NP NP NP 2/18 2/16 NP NP NP NP NP NP 2/10 3/6 NP NP

E, Epidermal component; ID, intradermal component; IE, intraepidermal component; mDM, mixed desmoplastic melanoma; MITF, microphthalmia transcription factor; NP, not performed; pDM, pure

desmoplastic melanoma.

*Indicates statistical significance between the subtypes.

Table III. Summary of genetic studies involving RETp, NF1, and TERT for desmoplastic melanoma subtypes

References

RETp NF1 TERT

Total DM pDM mDM Total DM pDM mDM Total DM pDM mDM

Narita et al33 43/70 NP NP NP NP NP NP NP NP
Barr et al22 9/30 NP NP NP NP NP NP NP NP
Miller et al21 12/41 8/24 4/17 NP NP NP NP NP NP
Frydenlund et al17 12/43 7/23 5/19 NP NP NP NP NP NP
Jahn et al34 6/20 3/12 3/8 NP NP NP NP NP NP
Kadokura et al16 22/77 13/43 9/34 54/78 showed neurofibromin loss 35/44* 19/34* NP NP NP
Lawrence et al14 10/46 NP NP NP NP NP NP NP NP
Gutzmer et al23 NP NP NP 10/15 NP NP NP NP NP
Wiesner et al24 NP NP NP 14/15 6/7 8/8 NP NP NP
Shain et al36 NP NP NP 9/20 NP NP 17/20 NP NP
Jour et al25 NP NP NP 18/27 NP NP NP NP NP
Eroglu et al32 NP NP NP 14/17 NP NP NP NP NP
Yang et al35 NP NP NP NP NP NP 26/76 11/48* 15/28*

DM, Desmoplastic melanoma; mDM, mixed desmoplastic melanoma; NP, not performed; pDM, pure desmoplastic melanoma.

*Indicates statistical significance.
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study by Shain et al,36 the genetic profiles in pDM
and mDM were similar.

CONCLUSIONS
In terms of biologic behavior, mDM exhibits more

regional node metastases, a higher recurrence rate,
and a higher mortality rate. Compared with the pDM
subtype, tumors of the mDM subtype are more
often clinically pigmented, are less likely to show
perineural invasion, and are thinner.

Dermoscopy appears to have some utility in
recognizing DM and in differentiating between the
subtypes.

Despite the plethora of immunohistochemical
markers used for diagnosing DM, few differentiate
between the subtypes. Overall, our experience sug-
gests that PD-L1 immunoexpression appears to be
associated with the host response, as ascertained by
the presence of CD81 lymphocytes and the mDM
subtype. Enhanced PD-L1 expression in the mDM
subtype suggests that these patients are likely
better candidates for anti-PD/PD-L1 therapy. The
immunohistochemical stain CD117, although of
limited utility as a histopathologic adjunct in DM,
does appear to discriminate between theDM subtypes.

Significant differences between the subtypes
in terms of neurofibromin expression and the
frequency of TERT promoter mutations suggest that
the subtypes have distinct genetic drivers.

Immunohistochemical and genetic analyses of
larger sample sizes of the DM subtypes are required
to confirm the clinical relevance and biological
significance of these conclusions.
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