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ABSTRACT

Aims. Metastatic relanoma involving the epidermis and/or upper dermag showsignificant
histologic everlap with primargutaneousnelanomaespecially theodular subtype. Proper
histopathalogic classificatiois crucialto appropriatestaging and management, péen
challenging This study aims to identify helpful histopathologatues in differentiating
epidermotropic/dermal metastatic melanoma (EDM¥Q primary nodular melanoma (PNM).
M ethodsand-Results: A cohort of EDMM (n=74) and PNM (n=75) was retrospectively
reviewed for various histopathologic features, anditita werecompared between groups by
univariate analysid-eatures significantly associated with EDMiIudedtumor sizeof <0.2
cm, absence atimorinfiltrating lymphocytesand plasma cells, monomorphism, and
involvement of adnexal epitheliurkeatures associatedgth PNM included polypoid
(exophyti¢) configurationprominent tumotnfiltrating plasma cell§TIPs), tumor size of >1 cm,
ulcerationgpidermal collarette, higher mitotic ratescrosis, multiple phenotypes, significant
pleomorphismsand lichenoidflammation By multivariate analysis, a logistic regression model
includinglarge tumor size, ulceration, prominent TIPs, lichenoid inflammatiore@ddrmal
collarette was highly predictive of PNMix§8%) EDMM casedrom threepatients
demonstratedn.“epidermabonly” or “epidernmal-predominant’pattern closely simulating 4situ
or microinvasivanelanomaTwo of these cases wetested byfluorescence in situ hybridization
which confirmed clonal relationshigith their corresponding primarypelanomas

Conclusions: This is the first comprehensive histopathologpenparison of EDMM and PNM.
Recognition of the above histopatholog&sociationshould aid ircorrectclassificationand
stagingof cutaneous melanomBpidermotropic metastatic melanomas may occasiodaplay
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an epidermal-onlpredominant patterncaurate diagnosiequires prudent clinical correlation

and, when neasary, ancillary molecular tests

Keywords. epidermotropicmetastatic melanoma; nodular melanostaging

INTRODUCTION

Distinctionbetween metastatic and primary melansfisacrucial, as therapy and prognosis

differ widely. While primary melanomia treated withwide excision, metastatic melanoma is

often treated with systemic therapWhile a patient with multiple primary melanomas is staged

based on the lesion with the wopsbgnostic parameterpatients witrsatellite and irtransit

metastases are considered to have stage IlIB disease, and those with distant cutaneous metastases

are considered to have stage IV diseaith 10% fiveyear survivaf.
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Because the skin is a common site for melanoma metastagdisdifferentiation between
primary and metastatic melanomas presents a rather cogiaggmostic dilemmaPrimary

nodular melanom@NM) typically only minimally involves the epidermis, frequentdysing
consideration for metastatic melanoma even in patients without a prior history of melanoma, as
metastatic melanoma may develop following complete regression of the ptimaoy’>

Conversely, an‘epidermotropic/dermal metastatic melan(&D& M) may closé/ mimic a
primary"melanomand be misdiagnosed as such, particularly when a prior history of melanoma
is not known'Clinical correlationis oftenimperative inrendering the correct diagnosis.
Epidermotropic/dermal metastatic melanamsaally occursear the site of a primary melanaoma
sometimes:presenting in cropl contrast, it is rare for a patient to present with multiple

synchronougrimary melanomas®

Historicallysepidermainvolvement was considered pathognomonic for primary melafidmg,
this beliefiwvasubsequently disputédMicroscopic featurekequently reported in cutaneous
metastatic melanoma includédnning of the epidermis, widening péapillary dermisy
aggregates of atypical melanocyti#ankingepidermal collarettdack ofinflammation,
monomerphism; and fibrotic strom&'* Lymphovascular invasion was also thought to favor
EDMM, howevemore recent studies have demonstrated this feature in up to 3¥%wafy
melanomag?Similarly, extension ofintraepidermamelanocytes beyond dermal melanocytes
(architectural “shouldervasonce considered a unique feature of primary melanoma, but was
lateralso reporteih EDMM.2*3* The absence of an architectuisthoulder” in PNMfurther

blurs ther distinction.

Further complicanhg this issuearerarereports ofpurelyintraepidermal epidermotropic
metastatic melanoma**® Despite their striking resemblance to melanoma in situ, the clinical
presentatiem@f:numerous lesions artleir small size, circumscription and symmestypported

the interpretation ofpidermotropic metastatic melanomas with an “epideong)” pattern.

In this study, we perforeda comprehensive histopathologic analysis of EDMM and PNM in
order to identify the most helpful features in differentiating the two.
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METHODS

This study-hassbeen approved by the Institutional Review Board at the Universityhigaviic
Our patholegy-database was searcfdEDMM and PNMusing word searches for
“nodular"+*melanoma”, “epidermotropic”+“melanoma”, and “metastatic melandinwati 2000-
2016. knal classification as EDMM or PNM was based on carefinicopathologic correlation.
Patients with prior history of melanoma were excluded from the PNM gwhgreagatients
without@aspreviously diagnosed primary melanoma were excluded from the EDMM group.
Metastases distafrom the previous primary melanoma site were also excluded from the
EDMM group; onlylocoregional metastases (e.g., from the same extremity) neceled.To
qualify as EDMM, a metastatic melanorsiaould involve the epidermis/adnexal epithelium
and/or the uppedermis (papillary dermis or superficial reticular derntitgmatoxylin and eosin
(H&E) stained slidesf the final cohortvere reviewed bywo dermatopathologis{®.P.A. and
M.P.C) ands-aspathology reside(8.L.S) for various histopathologic featuras listed in Tablke
1 and 2Selecied features adefinedbelow.

A tumor was=polypoid (exophytic) if its epicenteas above the skin surfad&n architectural
“shoulder’was«defined as an intraepidermal component extending at least three rete ridges
beyond the"dermal componeRteomorphism was scored as: 0 = mostly monomorphic cells, 1 =
pleomorphismuappreciated at medium to high magnification, 2 = pleomorphism readily
appeciated atow magnification, ofterwith bizarre looking cellsTumors consisting of two or
more morphologically distinct cell populations were considered to have multiptetypes.

Mitotic rate was the number dermal mitotic figures in a 1 nfithot spot” (i.e., most

This article is protected by copyright. All rights reserved



146
147
148
149
150
151
152
153
154

155
156
157
158
159
160
161

162
163
164
165
166
167
168
169
170
171
172
173
174
175

mitotically active area)As per the AJCC guidelines fonelanom&, tumorinfiltrating
lymphocytes TILs) were either absent (0), ndorisk (1), or brisk (2). Tumomfiltrating plasma
cells(TIPs)were scored as: 0 = no intratumoral plasmels, 1 = rare aggregates of intratumoral
plasma cells only appreciable upon close inspection, 2 = prominent, readily appreciabl
aggregatesf.intratumoral plasma cellRegression was defined as a discfitmtic areawith
melanophages; lymphocytes, andreased vascularitfrumoral melanosiseferred to large
aggregates‘of' melanophages replacipgriion of the melanoma. Unlike lymphovascular
invasion inwhich melanoma cells are present within a vascular lumentrapgm referred to

extravascular melanoma celialging into the vascular lumen but covered by endothelial cells.

In univariate analysis (performed by M.P. @&dmparison of each feature between EDMM and
PNM wasrperformed using Chi-squacategorical or two-sample t testcontinuous)
Multivariatesanalysisvas conducted by L.Z. using SAS (version 9.4, SAS Institute, Cary, NC).
A logistic regression model was obtained kstepwisevariableselection procedurgased ora
significance level of 0.15The parameter estimatgsvalues from Wald chi-square tests, amel t
area under theeceiver operating characteristR@C) curvewere reportedA p-value of <0.05

was considered significant

Fluoreseence in situ hybridization (FIS#as performedy A.A.A., PW.H., and M.W. on
selected EDMM casasith anunusual “epidermabnly” or “epidermal-predominant” pattern

and their corresponding primary tumors to confirm cloaktionship Four-micron sections

were preparedfrom each selected forméked paaffin-embedded tissue blocknewas

stained with"H&E, and two were hybridizedth Vysis MelanomaFISH probe kit including
probes 6p25RREB1), 6923 MYB), CEP6, and 11g13GCND1), andVysisLSI probes 8g24
(MYC) and 9p21 CDKN2A)/CEP9according tananufacturer’s instruction3 hirty cells were
evaluatedsandithe percentage of nuclei wahycnumber changes, including gain of 6p25, loss
of 6023, gainwef 1113, gain of 8q24, and homozygous loss ofWagtecorded and considered

as positivesonegative based upon pre-determined thresHolds.
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RESULTS

The final cohort consisted of EDMM specimens obtained frond patients and 75PNM
specimengrom 75 patients There was no overlap of the patient pools of the two groups.
Epidermal involvement was observed in 62484£DMM cases ané9 (79%) PNM cases.
Histopatholegie.features demonstrating statistically significant differences between EDMM and
PNM by.univariate analysiare listed in Table 1. Features associated with EDiMded
greatest'dimension of <0.2 cifiPs score of Opleomorphism score of TJLs score of Qand
involvement of adnexal epitheliu(figurel). Features associated with PNM includealypoid
(exophytic) configuration, TIPs score of 2, greatest dimension of >1 cm, ulceegidarmal
collarette;highermitotic rate tumor necrosis, multiple phenotypes, pleomorphism score of 2,
and lichenoid inflammation (Figure 2)lceration was seen much more freqtly in lesions >1
cm (24/33; 736) compared to lesions <1 cm (16/116%d4p<0.0001). Other examindeatures
did not show significant differences between groups (Tableld}ivariate analysis resulted in a
predictive model foPNM which includedarge tumor sizeylceration, prominentIPs,
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lichenoid inflammation, and epidermal collarette (Table 3). The area under the ROC curve was
0.90, indicating a high predictive accuracy a$tmodel.

Six EDMM lesions fronmthreepatients were purely or predominanilytraepidermal
microscopically indistinguishable from melanoma in sitwl microinvasive melanonggigure
3). Intwo of these patientsnultiple new pigmented lesions developed around the sae of
previously resectedrimaryscalp melanoma. Another patient presented waititiple small
pigmented.lesions on the right leg after excision pfimaryright heel melanomawo
epidermalonly/predominanEDMM lesionsfrom the two patientsith scalp melanomeere
studied by FISH, which showedenticalcopy number changés their corresponding primary
melanomagSupplemental Table 1), confirming a clonal relationship.
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DISCUSSION

Histologic dstinction betweertutaneous metastatic melanoaral primary melanomearries
important diagnostic, pgnostic, and treatmemhplications yet to our knowledge none of the
previous'studies hawwystematically compared the histopathologic features of thevitgo
selected only metastatic melanomeolving the epidermis and/or upper dermis because these
cases most closely simulgiggmary melanoma. Likewise, we confined our cohort of primary
melanoma.to the nodular subtype as it is most likely to generate diagnostic conftision wi
EDMM.

We identified'multipe usefulhistopathologic features wtifferentiatingEDMM and PNM.Of

these, tumorige is one ofthe most objectiveiscriminating factos. Nodules >1 craremore

likely to beprimary,whereadesions <0.2 cnaremuchmore likely metastatildecause large
melanomas.ammorelikely to ulcerate we also foundPNM to beassociated withilceration
Although nene.of the PNNesionsin our seriesaresmaller than 0.2 cm, one should be aware
that primary “micromelanomas” do exisind may be detectedore readilywith the use of
dermoscopy”*¥Hence tumor size should be viewed as a strong but not absolute discriminator

of metastatie.and primary melanomas.

In addition to tumor size, tumailhouettealsoprovides usefuinformation Polypoid/exophytic
lesionsare;much more likely to beNM, asonly oneEDMM in our series displas/a polypoid
silhouette The.rarity of polypoid EDMM is also reflected in the literattir€. Epidermal
collarettehas been previously reported in b&BMM andprimarymelanomag® In our cohort,
epidermalseollarettes significantly associated with PNNIhis associations probablyrelated to
thelargertumor sizen this group asepidermal collarette is @onsequencef expansiledermal
growth.

None of the“intraepidermal featur@sntiginous growth, junctional nestggetoid spread,
involvement of preserved rete ridgesg associated with eithgroup.Interestingly
involvement of‘adnexalpitheliumis significantly associated withbMM, indicaing thatin
addition to epidermotropism, adr@xopism is also@mmonin metastatienelanoma.
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265  Although architectural “shouldevastraditionally thought to be specific for primary melanoma,
266 later studieshavealsoshown this featurdn EDMM.2*3**Our findings support the latter by

267  showing architectural shoulder in 17% of EDMM. Notalsix, EDMM lesionsfrom three

268  patientswere purely or predominantly intraepidernmaicros®pically indistinguishable from

269 melanoma.in.sit@and microinvasive melanomahe metastatic nature of these lesions is

270  supporteddy theidenticalcopy numberabnormalitiego their correspondingrimary

271 melanomasThe occurrence afultiple lesionsin the vicinity ofthe primary melanomsitealso

272 provides compelling clinicavidence for metastasd$owever, when clinicopathologic

273  correlation fails'to elucidate the primary versus metastatic natarkesibn molecular studies

274  may be needet facilitate moreaccuratestaging=>?*

275 A numberofseytomorphologic features aid in the distinchetweerPNM and EDMM.In

276  general, significant pleomorphism favors a diagnosis of PNMreas mnomorphism favors
277 EDMM. Furthermore, pmary melanomaare more likely to comprisaultiple morphologically
278  distinctsubpopulationsecondary t@enetic divergenceithin the tumor. In contrast, metastatic
279  melanomas more commonly show one phenotype only, probeftdgtive of a selected tumor
280  subclonesharberinincreased metastatic potenfiaPseudomaturation, referring to partial

281 diminution of cell size with dermal descehés been describeéd the majority of nevoid

282 melanom&®but also in other melanoma subtypsswvell as EDMMThis feature is not helpful
283 in their distinction.

284  While a coexisting nevus tends to be found more frequently in PNM than EDMM, the difference
285 falls short of'statistical significance (p=0.0578)s well known that gmary melanoma may

286  arise from a preexisting nevus via malignant transformation. A recent studgdthawthe

287 incidencejof associated nevus was highest armopgrficial spreading melanomas (37%) and

288 lowest amengsnodular melanomas (16960his relatively low frequencyn PNM may have

289  accountedsforsthe lack of a significant difference when compaitadEDMM.

290  Althoughmitotic figurescan be brisk imetastatic melanonfa our study found significantly
291  higher mitotic raten PNM. Nevertheless, given the wide range and significant overlap of mitotic
292 rates in the two groups, the obsenwditference is of limitegracticalvalue As rapidly

293  proliferating tumors often outgrow their blood supply, tumor necrosis may result agairis a
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294  more commonly found in PNM. Previous studies have found tumor necrosisigmiiieantly
295 associated with increased tumor thickness, increas&d Igroliferation index, and
296  ulceration?®? It is therefore possibléhat the lower incidence of tumor necrosis in EDMiy

297  bein part attributable to smait tumor size and infrequent ulceration in this group.

298  Melanoma can metastasize via lymphatic, hematogenous, or angiotnaet® >* Both

299  angiotropism and lymphovascular invasamefair predictos of metastatic potentiah

300 melanom&’ In our study, both lymphovascular invasion and angiotropism were seemaih
301 subsets ofPNM and EDMM cases, and fatedistinguishbetweerngroups.Perineural invasion
302 s believedto'be athermeanshy whichsatellite metastas form in melanomaThis, too, does

303 not servaas a useful discriminator.

304 Our data indicate that prominent TI&®strongly suggestive &NM, observed in 2% of these
305 casexompared:to 1% of EDMM. gsessment of TIPs airly straightforward, renderinigja
306 powerfuland.practicatliscriminator Mascaro et alreportedclusters of plasma celis 22% of
307 primary melanomas feature that was assoedtvith increased Breslow thicknesdceration
308 and poor survival® A recent studgonfirmed these associations as well as higher

309  mitoticactivity.>° Interestingly, when found imetastatic melanomasIPswerereportedasa
310 favorable®prognosticatSf.Further investigation is needed to elucidate the immunologic
311  relationship between TIPs and melanoma cells.

312 Becausabsence ofILs is associated with sentinel lymph node metastagisreasrisk TILS

313  areassociated with ptonged recurrencéee survivaf®®

one may expect fewdrLs in

314 metastaticgmelanomaa.study reported a higher percentajgrimary melanomas (67%)
315  containedymphoid infiltratecompared tanetastatic foc{9%) in the same patient$Another
316  study ofnodal metastatic melanosiound thafIL s were abserin 46% ofcases™ In the skin,
317  we showed that absence of TILssignificantlyassociated witiEDMM, suggestingnhanced
318  capability in gadingimmure detectiorf? Similarly, lichenoid inflammation i'esscommon in
319 EDMM than PNM, despite thessentially identicdtequency of epidermal involvemeintthese

320  groups.

321  Perhaps contrary to common befitfur study did not identify any significant difference in the

322 frequency of tumor regression. Late regression, evidencédrbgis, increased vascularity,

This article is protected by copyright. All rights reserved



323
324
325
326
327
328
329
330
331
332
333

334
335
336
337
338
339
340
341
342
343

344

345
346
347
348
349
350
351

12

epidermal atrophy, and melanophages, has been reported in 10-35% of primary metanoma
Although a review article cited a much lower incidence of spontaneous regression in metastatic
melanomas (0.25%), this figuielikely skewed by the exceedingly low incidence of regression
in extracutaneous metasta$&8ur cohort demonstrates regression in 17% and 9% of PNM and
EDMM cases; respectivelypeveral factors may explain the lacks@fnificant differenceFirst,
regressioras been reported tmcurlessfrequently in nodular melanoma (13%) compared to
other stibtype&>Second, the histopathologic features of regressiemotspecificand may be
indistinguishable from changes$ chronic friction or prior trauma. Lastlpne of ouEDMM

casa withregressiomwas excised after immunotherape(nbrolizumab), whicimay have
triggeredregressiorof themetastatic melanonf8 Tumoral melanosis-a histologicvariantof
regressioff==similarly fails to differentiate between PNM and EDMM.

In conclusienwe conductedhefirst comprehensivaistgpathologic comparison of EDMM and
PNM, andidentified multipleusefuldiscriminators with significant associations pog¢viously
reported. Of these, the collective findingdafye tumor size, ulceration, prominent $JP

epidermal collarette, and lichenoid inflammat&irongly suppora diagnosis oPNM based on a
logistic regression modeDtherhighly usefulcharacteristicbased on univariate analysis include
small tumor size and absence of TILs which favor EDNNI polypoid configuration, tumor
necrosisandmultiple phenotypes which fav®N\NM. While the importance oflinical

correlation cannot be overemphasized, recognition of the above constellation of histopathologi
featuresespecially when clinical history is limiteshould allow for more accurate

classificationhencemore preciséumor staging and prognosticatitor melanoma patients
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epidernotropiddermal metastatic melanorfBDMM) and primary nodular melanoma (PNM)

by univariate analysis.

Histopathologic features EDMM PNM (n=75) | p-value | Specificity
(n=74) (%)
Greatest diameter <0.2 cm 19 (26%) 0 (0%) <0.0001 | 100
Absence of tumoirfiltrating 67 (91%) 38 (51%) 0.0036 |49
plasma chs
Monomorphism 41 (55%) 24 (32%) 0.0309 68
Absencegofumor-infiltrating 9 (12%) 2 (3%) 0.0348 97
lymphocytes
Involvement of adnexal epitheliun| 32 (43%) 18 (24%) 0.0417 76
Polypoid (exephytic) configuration 0 (0%) 16 (21%) <0.0001 | 100
Prominent@imer-infiltrating 1 (1%) 22 (29%) <0.0001 |99
plasma cells
Greatest diameter >1 cm 2 (3%) 31 (41%) <0.0001 |97
Ulceration 4 (5%) 36 (48%) <0.0001 |95
Epidenmal collarette 18 (24%) 53 (71%) <0.0001 | 76
Mean mitotic rate (median, range) 4 (2, 0-23) 13 (11, 1-53) | <0.0001 | --
Tumor necrosis 2 (3%) 19 (25%) 0.0002 |97
Multiple phenatypes 6 (8%) 24 (32%) 0.0012 92
Significant pleomorphism 13 (18%) 31 (41%) 0.0073 |82
Lichenoid.inflammation 3 (4%) 14 (19%) 0.0088 | 96

Table 2. Histopathologic features without statistically significant differences bepriegary

nodularmmelanoma (PNM) and epidermotropic/dermal metastatic melanoma (EByMM)

univariate analyis.

Histopathologic features

PNM (n=75)

EDMM (n=74)

p-value

Associated nevus

8 (11%)

2 (3%)

0.0578
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Perineural invasion 12 (16%) 5 (7%) 0.0991
Symmetry* 12/74 (16%) | 20/69 (29%) | 0.1036
Infiltrative borders 38 (51%) 52 (70%) 0.1238
Lymphovascular invasion 18 (24%) 10 (14%) 0.1405
Regression 13 (17%) 7 (9%) 0.1946
Expansion.ofpapillary dermis by melanon 69 (92%) 54 (73%) 0.2004
Pseudomaturation 15 (20%) 9 (12%) 0.2364
Brisk tumordnfiltrating lymphocytes 8 (11%) 5 (7%) 0.4054
Tumoral melanosis 14 (19%) 10 (14%) 0.4379
Pseudoepitheliomatous hyperplasia 10 (13%) 7 (9%) 0.4970
Architectural “shoulder” 18 (24%) 14 (19%) 0.5017
Lentiginous growth 57 (76%) 62 (84%) 0.5949
Pagetoidspread 48 (64%) 52 (70%) 0.6455
Junctional"nests 55 (73%) 51 (69%) 0.7559
Sheetlike growth 31 (41%) 33 (45%) 0.7642
Angiotropism 11 (15%) 10 (14%) 0.8614
Involvement'of preserved rete ridges 48 (64%) 49 (66%) 0.8709

*Some Ccases'were partial biopsies in which symmetry could not be determined.

Table 3.kogistic regression modély multivariate analysis.

Histopathologic features Estimates with PNM* p-value
Greatest diameter of >1 cm (vs < 0.2 cm|2.2024 0.0023
Greatest diameter of 62cm (vs <0.2 cm)| 0.5340 0.3695
Presence of ulceration 0.8014 0.0166
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Histopathologic features Estimates with PNM* p-value
Presence of prominent tummdfiltrating 0.9775 0.0487
plasma cells

Presence’of lichenoid inflammation 0.7993 0.0675
Presence of.epidermal collarette 0.6903 0.0028

PNM, primary nodulamelanoma.

*A greaterpositiveestimatendicatesa higher probability oPNM.

FIGURE.LEGENDS

Figure 1.Representative featurassociated with epidermotrofderma metastatic melanoma

(A) A small'lesion in the upper dermis measuring less than 0.2 cm in greatest dinfEli8dton

40x). (B) Anotherlesion demonstratesdermal nodule witepidermotropismcytologic

monomorphism, and lack of tumanfiltrating lymphocytesand plasma celliH&E, 100x).
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Figure 2. Representative features associated with primary nodular melanoma. (A) A large,
ulcerated nodular melanoma with an exophytic polypoid configuration. (H&E, 10x). (B) This
tumor is flanked by epidermal collarette (H&E, 20x). (C) Zonal tumor necrosis is noted in the
deeper portion of this biopsy (H&E, 20x). (D) Clusters of tuindiitrating plasma cells are
present in thigxample(H&E, 400x). (E) This nodular melanoma exhibits multiple distinct
phenotypes and significant pleomorphism. One population of cells contain highly pleomorphic
and bizarre“looking nuclei (top), whereas the other population consists of nestswlyelat
uniform cells(bottom) (H&E, 200x).

Figure 3. idermotropic metastatic melanosnaith epidermal-predominamsnd epidermabnly
patterrs. (A)*This scalp lesion was takémmm nearthe site of a previously resected primary
melanoma. Most of the melanoma celis present within the epidermis, giving rise to an
architectural “shoulder” anthe appearance of a microinvasive melanoddnexal involvement
is also presenH&E, 100x).(B) Another patient presented with a purely intraepidermal

metastaticomelanoman the scalpglosely reseming melanoma in sitgH&E, 100x).
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