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Abréviations

AgsT : Antigéne petit T

AgLT : Antigene grand T

ATOHL1 : Atonal homolog 1

CAPI : Carcinome de primitif inconnu

CCM : Carcinome a cellules de Merkel

CD : Cluster of differentiation

DIPS : Detection of integrated polyomavirus seqgesnc
PCR : Polymerase chain reaction

IARC : International Agency for Research on Cancer
MCPyV : Polyomavirus a cellules de Merkel

OMS : Organisation mondiale de la santé

PAXS5 : Paired box 5

PDL-1 : Programmed death ligand 1

PNET : Primitive Neuroectodermal Tumors

TDT : Terminal Deoxynucleotidyl Transferase
TTF-1: Thyroid Transcription factor 1

VIH : Virus de 'immunodéficience humaine

Zebl: Zinc Finger E-Box Binding Homeobox 1

Pour la partie du manuscrit rédigée en langue @&gglane liste des abréviations utilisées est

disponible a la fin des articles correspondants.



Table des Matieres

I £ = 0 1 2
R £ Y = 1 N 1 X O 4
HI. INTRODUCTION..... .ottt rsessess e e rss s rsesssasssassrasssasstassssnssensssnssrnne 6
1. Historique et histogénese des carcinomes a cellules de Merkel........cumnnnneneniennens 6
2. ClINIQUE oottt s e s s s s b 8
3. HISEOLOZIE ettt 9
4. Diagnostics diffErentiels...... s seaees 11
ST VA 0 ] (0] = USSR 12
LT 04000100 0T ] (4 U= TSP 15
IV. CONTEXTE DU TRAVAIL .....cituuiiiiiiiiiiiieiiieeiireiineessrsesissnessnsasssssnsssensssnsnsssssnsssnnns 17

V. DIFFERENTIAL DIAGNOSIS OF MERKEL CELL CARCINOMA OF LYMPH NODES WITHOUT
SKIN PRIMARY TUMOR AND OTHER METASTATIC NEUROENDOCRINE CARCINOMAS: THE
ELECTHIV CRITERIA ...oeieiiiiiiiiiirtitniiiniieiiiiiniennsiiininsssiiiseesssisseessssisstessssessessssssssssssssssesnns 19

VI. MERKEL CELL CARCINOMA OF LYMPH NODES WITHOUT SKIN PRIMARY TUMOR ARE

METASTATIC NEOPLASIA ASSOCIATED WITH AN EFFICIENT IMMUNE RESPONSE ............. 47
VII.  DISCUSSION...cccuuiiiitunniiititnniiiitnniiiniennsiiiitsssiiitemssiiintesssissesssssessessssssssssssssssassssssses 66
VIII.  REFERENCES......cituiiiiiuiiiimiiiiniiiieiiiieiininiiieeiiisesistseienenestessissssssnessssnsssssesssesenssens 72



.  Résumé
Le carcinome a cellules de Merkel (CCM) est un eacatané rare. Dans 5 a 15 % des cas, le
CCM apparait sous la forme d’une tumeur gangliaeniablée sans primitif cutané retrouvé.
L'absence de criteres de définition validés deecetitité conduit parfois au diagnostic de
carcinome neuroendocrine de primitif inconnu, éntat ainsi une prise en charge inadaptée.
De plus la physiopathologie de cette Iésion, notamtmsa nature métastatique ou
primitivement ganglionnaire reste a préciser.
Dans un premier travail, les cas de CCM gangliamsasans primitif ainsi que ceux de
métastases ganglionnaires de CCM cutanés ont étéfifs au sein d’'une cohorte de CCM.
Les données cliniqgues, morphologiques, immunohistoiques et virologiques de ces deux
populations ont été comparées avec celles de ras¢ssganglionnaires superficielles d’autres
carcinomes neuroendocrines. Ce travail a permidedtifier 7 criteres permettant de
distinguer 'ensemble des CCM des autres carcinaragsoendocrines.
Au cours d’'un second travail, la physiopathologieGICM ganglionnaire sans primitif cutané
a été explorée. L'expression du facteur de trapsoni Zebl, impligué dans la transition
épithélio-mésenchymateuse, a d’abord été validéenrm potentiel marqueur du processus
métastatique. Zebl était plus frequemment obseaamé ks CCM ganglionnaires sans primitif
et les métastases que dans les tumeurs cutanégesves. De plus des densités plus élevées
en lymphocytes CD8+ et cellules myéloides CD33+eptaobservées au sein des CCM
ganglionnaires sans primitif. Ces résultats suggeme les CCM ganglionnaires sans
primitif représentent un processus meétastatiquecass une réponse immunitaire efficace,

pouvant expliquer la régression du primitif cutané.
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II.  Abstract

Merkel cell carcinoma (MCC) is a rare cancer ofskm. In 5 to 15% of the cases, this tumor
occurs as an isolated adenopathy without skin pyima@he lack of validated diagnosis
criteria of this entity may lead sometime the p#ipst to consider it as a metastatic
neuroendocrine carcinoma of unknown primary origasulting in inappropriate treatment. In
addition, the pathophysiology of this tumor, noyatiis potential metastatic nature, has to be
clarified.

In a first work, cases of MCC without cutaneousray and metastases from cutaneous
MCC were identified in a cohort of MCC. Clinicaltdamorphological and immunochemical
features and viral status were compared with a latipn of lymph node metastases from
other neuroendocrine carcinomas occuring in supalfiareas. This study leads to the
identification of 7 criteria, which show high ali#is to distinguish MCC from other
neuroendocrine carcinomas.

In the second part of the study, pathophysiologtheftumor was investigated. Expression of
the transcription factor Zebl, involved in epithélinesenchymal transition, was first
validated as a potential marker of the metastatiocgss. Zebl expression was more
frequently observed in MCC without cutaneous pryramd in MCC lymph node metastasis
than in the cutaneous primary MCC group. In addijtiosigher densities of both intra tumor
CD8 lymphocytes and CD33 myeloid cells, were foumiCC without primary than in other
MCCs. Theses results suggest that MCC without pxintaay represent a metastatic

neoplasia associated with efficient immune response
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II. Introduction

1. Historique et histogénése des carcinomes a cellulds Merkel

En 1878, Friedrich Merkel, anatomiste et histoltiallemand, identifiait un nouveau type
cellulaire, la cellule de Merkel, présent au nives assises basales de I'épiderFigure

14). Ces cellules, de localisation ubiquitaire mdisspmombreuses en peau acrale, présentent
un cytoplasme pale, et se regroupent en amas,ule g@uvent en contact avec la partie
terminale de fibres nerveuses myélinisées. L'étedemicroscopie électronique réalisée
ultérieurement permit la confirmation des relatioégoites entre ces cellules et des
terminaisons nerveuses de petits calibres Figufe 1b) suggérant ainsi une fonction de
mécanorécepteur cutané. De plus, la mise en éwddans leur cytoplasme de granules
neuro-sécrétoires, rattachait ces cellules au mystendocrinien disséminé et semblait
suggérer qu’'elles dérivent des crétes neuralesieRits expériences de xénogreffe ont par la
suite été réalisées afin de répondre a la questiofiorigine de ce type cellulaire et ont
rapporté des résultats contradictoires (2,3). Cdgatnen 2010, Van Keymeulen et al. (4)
montrérent que les cellules de Merkel dériventéalité de progéniteurs kératinocytaires de
la basale épidermique, qui se différencient erutsdlde Merkel sous l'influence du facteur
de transcription Atonal homolog 1 (ATOH1) en asation avec I'inhibition de la voie Notch.
En 1972, Toker et al. rapportait cinq observatides< carcinomes trabéculaires » de la peau
(5). Cette nouvelle entité se caractérisait partdases souvent anastomoseées et des nids de
cellules de petite tailleHgure 1¢), localisées dans le derme ou I'hypoderme, sanseaon
avec I'épiderme de surface ou les annexes. L'étitastructurale mettait en évidence un
phénotype proche de celui des cellules de Merketcala présence de granules
neurosécreétoiresk{gure 1d) conduisant a nommer cette entité « carcinomellalez de

Merkel » (CCM) (6). Actuellement, le CCM est défpar I'Organisation Mondiale de la



Figure 1: a: Portrait de Friedrich Merkelb : Dessin original des cellules de Merkel
(Sigmund Merkel, 1878)¢ : Aspects microscopiques du carcinome trabécujalreAspects
ultrastructururaux des carcinomes trabéculairesc angse en évidence des granules

neurosécrétoires (Toker, 1978).



Santé (OMS) (7) comme : « un carcinome cutané pfimontrant une double différenciation
épithéliale et neuroendocrine. Ce carcinome partigesimilitudes phénotypiques avec les
cellules de Merkel mais une relation histogénétigue pu étre prouvée ». Cependant,
plusieurs éléments de description récente plaidenfaveur d’'une relation histogénétique
entre cellules de Merkel et CCM. En effet, I'exmies d’ATOHL, principal facteur de
transcription responsable de la différenciation ckdliles de Merkel, a été mise en évidence
dans les CCM (8). De plus, I'expression induite T@H1 et des oncogenes responsables des
CCM dans des kératinocytes a permis d’induire tenfdion de CCM dans un modéle murin
(9). Ces résultats suggerent que la cellule agioei des CCM est un progéniteur
kératinocytaire dont le degré de différenciationcetiules de Merkel reste a déterminer. On
peut d’ailleurs remarquer que, parmi les obsermatimitiales de Toker (6), 'une d’elles
comportait un second contingent de carcinome épidigle intraépidermique suggérant une

origine kératinocytaire de cette tumeur.

2. Clinique

L’incidence du CCM est estimée entre 0,3 et 0,8 AAOO00 habitants et serait en constante
augmentation (10,11). Il survient principalemenézke sujet agé de plus de 65 ans (12) et le
patient immunodéprimé (hémopathie, greffe d'orgamafection par le VIH) (13).
Cliniguement le CCM se présente sous la forme diadule tumoral non douloureux, de
croissance rapide, localisé en zone photo-expo$éds). La maladie est frequemment
diagnostiquée a un stade métastatique (27% de emladnt porteurs de métastases
ganglionnaires et 7% présentent des métastasegaliss au moment du diagnostic) (12). Le
traitement des formes localisées associe une exéhiirgicale a la radiothérapie (16) alors
gu’une chimiothérapie a base de sels de platine gmposée pour les stades avancés. La

survie a 5 ans, tous stades confondus, est estiné®% (12). La présence d’'une



immunosuppression sous-jacente ou d’une atteimrgliganaire représentent des facteurs de
mauvais pronostic (13). Récemment, I'efficacitd’deelumab, anticorps anti
PD-L1 (programmed death ligand 1), a été mise eideéee (17). Ce traitement est

actuellement disponible en autorisation tempormiuélisation en France.

3. Histologie

L’examen microscopique du CCM met en évidence unetir dont les caractéristiques sont
celles d’'un carcinome neuroendocrine de haut gradgagit une prolifération tumorale le
plus souvent dépourvue de connexion avec I'épidatensurface, infiltrant massivement le
derme et parfois I'hypoderme (7). Différentes amttures peuvent étre observées
(trabéculaire, solide ou diffuse) sans impact syprbnostic (18). Les cellules tumorales sont
le plus souvent de petite taille, avec un haut eappucléocytoplasmique ; cependant la
présence d'éléments avec un cytoplasme plus abbralaété rapportée par certaines
observations (19). Le noyau présente une chromftieale type « poivre et sel kigure 2).

De nombreuses figures de mitoses et des plagesédmse sont souvent présentes et
témoignent du caractere agressif de la tumeur.idRitssvariants morphologigues rares sont
décrits : les CCM composites associent au contingen CCM une seconde population
tumorale présentant une autre ligne de différelmciaf) (20). Un variant avec composante
intra épidermique (21) a également été rapporté.

En immunohistochimie, il existe une expression ma@squeurs épithéliaux (pancytokératine
AE1/AE3), neuroendocrines (chromogranine A, syngipysine et CD56) et, dans la majorité
des cas, de la cytokératine 20 avec un marquageosle paranucléaire (93% de notre

cohorte) Figure 2). Comme pour les cellules de Merkel (1), une esgion de la

(O Au sein de notre cohorte, cette entité représent® (n=8/103) des cas. Dans un travail récent, soisrdansModern
Pathology nous avons mis en évidence des particularit@®@munophénotypiques de cette entité.
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Figure 2 : Aspects microscopiques du carcinome a celluledldekel : a: HPS x40 ;b :
Expression de la chromogranine A:; Expression de la synaptophysing:;Expression de la

cytokératine 20 en boule paranucléaiee Absence d’expression du TTF-1.



cytokératine 19 est également fréquente dans ld8 (22). L'expression de la cytokératine 7
est rare (10% de la cohorte) ainsi que celle du-T{Fhyroid Transcription factor 1) (17%

de la cohorte) qui est le plus souvent associédames composites.

4. Diagnostics différentiels

Sur coloration standard, le CCM rentre dans le eades proliférations tumorales
indifférenciées a petites cellules rondes et bleles principaux diagnostics différentiels a
examiner alors sont les hémopathies (leucémie agilgucémie lymphoide chronique) et les
sarcomes  (Primitive  Neuroectodermal  Tumors  (PNET)thabdomyosarcome,
synovialosarcome). Un mélanome doit toujours étneidé.

En immunohistochimie, I'expression fréquente du @86 a 100% des cas) (23) ne doit pas
orienter a tort le diagnostic de PNET. De mémdrdquente positivité de certains marqueurs
lymphoides (PAX5: 100%, TDT: 73%, chaines I|égemrts chaines lourdes des
immunoglobulines : environ 50% des cas avec patfoes monotypie (24)) ne doit pas faire
conclure a une hémopathie notamment une leucégueé ai

L’expression des pancytokératines et des marqueewsoendocrines permet de porter le
diagnostic de carcinome neuroendocrine. Le primcigiagnostic différentiel restant a
éliminer est la métastase d’'un carcinome neuroeimand’une autre origine qui exprimera le
plus souvent le TTF-1 sans expression associée dgdkératine 20 (25). A noter que 'OMS
recommande (7), devant toute tumeur cutanée ayaes Icaractéristiques
immunophénotypiques du CCM, la réalisation systé&uatd’'une imagerie pulmonaire afin

d’éliminer un primitif viscéral.
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5. Virologie

En 2008, suspectant une étiologie infectieuse deaaforte prévalence des CCM chez les
sujets immunodéprimés, I'équipe américaine de M¢28¢ met en évidence, par soustraction
digitale du transcriptome, la séquence d'un vidaspolyomavirus a cellules de Merkel
(MCPyV) jusqu’alors inconnue, intégrée dans le géaal’environ 80% des CCM. Le

MCPyV est actuellement classé agent carcinogénepaA I'International Agency for
Research on Cancer (IARC). Il s’agit d’'un virus remveloppé, de forme icosaédrique, de
symétrie T7, a ADN circulaire double briRiure 3). Son génome, constitué de 5200 paires
de bases, s’organise en trois régions : 'origireré@plication, les séquences codant pour les
protéines de la phase précoce (antigénes petitg§TAet grand T (AgLT)) et les séquences
codant pour les protéines de la phase tardive opti s protéines structurales de capside
(VP1, 2 et 3) Figure 3). A I'état sauvage, le virus se réplique dansderee papillaire de la
majorité des individus sains (27) avec une sér@edxce supérieure a 85% dans la
population générale adulte (28,29). Les dommagdmi@ees et I'immunodépression
favoriseraient chez de rares sujets l'intégrationgénome viral, elle-méme a l'origine du
processus de carcinogenése. Cette intégrationostgagne de mutations du génome viral,
localisées au niveau de I'exon 2 de la séquencBAdeT. Ces mutations aboutissent a
'apparition d’'un codon stop conduisant a la petés capacités réplicatives du virus, a la
perte de la synthése des protéines de capsida siyathése d’'un AgLT tronqué (26). Au sein
de la tumeur, les deux seules protéines exprimaéasI'agsT (9) et I'AgLT (30)sous une
forme tronquée, qui comportent toutes deux desry@t@s oncogéniques. La découverte du
MCPyV a conduit a distinguer deux sous-populatdesCCM : les tumeurs viropositives et
les tumeurs vironégatives. Ce dernier sous-growgraitssecondaire a l'exposition aux
ultraviolets, il présente un taux de mutations dSmmas plus élevé, une faible

immunogénicité et un pronostic plus péjoratif (31).

12



Figure 3 : a: Génome du MCPyV (d’aprés Feng et al. 2008) Pseudopatrticules virales
produites a partir des protéines de capside du MGPRgttant en évidence des structures

icosahédriques (avec I'aimable autorisation du PFduzé).
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La mise en évidence du MCPyV représente un owtjrbbstic majeur dans les cas de CCM
de diagnostic difficile (phénotype inhabituel, afise de primitif cutané, métastase révélatrice
de la maladie). Cependant, de faibles charges deyMGous forme épisomale sont présentes
dans le derme papillaire des sujets sains (27¢@tent étre détectées dans des tumeurs non
CCM (32). Dans ce contexte, la technique de dé&ecte doit donc mettre en évidence que le
MCPyV associé aux CCM. En immunohistochimie, unicanps commercial dirigé contre
'antigene T (clone CM2B4) est disponible. Le maxge doit étre interprété en utilisant un
score semi quantitatif selon la méthode d’Allred)(8t permet la mise en évidence du virus
dans 60% des tumeurs. A noter, dans notre expériecertains éléments du stroma,
notamment des lymphocytes, peuvent étre marquésileant cette technique. En biologie
moléculaire, plusieurs méthodes ont été propod#esi@ mettre en évidence l'intégration du
virus (DIPS—PCR (Detection of integrated polyomasisequences-PCR) (33), séquencage de
nouvelle génération). Cependant ces méthodes somplexes et ne sont actuellement pas
disponibles en routine. Les méthodes quantitatpesvent étre utilisées en contrdlant la
sensibilité de la technique. En effet, le virussh’'présent sous forme épisomale qu'a des
charges trés faibles. Dans ce contexte, I'utilisat’un seuil de détection suffisamment élevé
permet d’écarter les faux positifs. C’'est cettehmde qui est actuellement utilisée en routine
dans notre équipe. Enfin, la mise en évidence deul@tion du génome viral par séquencage

de I'exon 2 de la séquence de I'AgLT semble étreutii prometteur ).

(D Un projet visant a comparer les méthodes quantitives et le séquencage de I'exon 2 est actuellement cours
d'initialisation au sein de notre équipe, en étroi¢ collaboration avec la plateforme de biologie maotéilaire des cancers
du CHRU de Tours.

14



6. Immunologie

Comme décrit précédemment, le CCM est une tumerwesant chez le sujet agé et/ou
immunodéprimé et la présence d’'une immunodépressimstitue un facteur de mauvais
pronostic dans I'évolution de la maladie (13). Léveloppement du CCM est donc
intimement lié a ses interactions avec le systéammadunitaire. En effet, des lymphocytes T
CD8+, spécifigues d'épitopes viraux du MCPyV, somrésents au sein du
microenvironnement tumoral (34). Une densité éledée ces lymphocytes CD8 intra-
tumoraux est dailleurs corrélée avec un meilleuonpstic (35-37). La réponse
lymphocytaire cytotoxique CD8 constitue donc umwét clé de la réponse anti-tumorale
dans les CCM. Elle pourrait expliquer certaineseolations de régression compléete de la
tumeur, parfois a des stades métastatiques, notameq@eés biopsie ou restauration
immunitaire du sujet (38). Cependant, plusieurs anétnes empéchent cette réponse
effectrice CD8 dans le CCM :

- la diminution de I'expression du complexe majeuristocompatibilité de classe | par
les cellules tumorales (39)

- l'anergie des populations lymphocytaires par détement des points de contrdle
immunitaire (« immune check points ») (40)

- I'exclusion des lymphocytes CD8 du microenvironnatrtemoral par dégradation de
certaines molécules (sélectines) localisées awanige I'endothélium des capillaires
intra-tumoraux empéchant ainsi I'adhésion lymphaicgt(41).

Récemment (travail non publié, en cours de finebsa qui sera prochainement soumis dans
le Journal of the American Academy of Dermatology), nous avons réalisé au sein du
laboratoire un travail sur l'infiltrat inflammat@rintratumoral dans le CCM en se focalisant
sur les populations myéloides. Nous avons pu metirévidence qu’une densité élevée en

macrophages CD33+ était associée a la présencambdhdcytes CD8 et que ces tumeurs

15



riches en cellules CD33+ et en lymphocytes CD8 gmtssent un meilleur pronostic.
L'ensemble de ces résultats incite a distinguerxdgroupes de tumeurs: un groupe
immunogéne infiltré par des macrophages CD33 etlgmphocytes CD8, associé a un
meilleur pronostic et un groupe peu immunogéne dépo d'infiltrat inflammatoire

significatif.
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IV.  Contexte du travail

Suite a la découverte du MCPyV en 2008, I'équipeetderche « Biologie des infections a
Polyomavirus » (UMR INRA ISP 1282, Université FrarscRabelais de Tours) dirigée par le
Pr Antoine Touzé s’est consacrée a I'étude du MCHY®S interactions se sont rapidement
établies entre cette équipe et les services de &elogie et d’Anatomie pathologique du
CHRU de Tours permettant la mise en place d’'unéecdbdn biologique multicentrique,
intégrant une seérothéque et une cohorte histomiopgpective de tumeurs incluses en
paraffine. Les premiers travaux réalisés se sdaténsés a la sérologie (42) avec la mise en
évidence d’'une sous-population de patients présenta taux élevé d’anticorps anti VP1
dans le sérum et ayant une meilleure survie. Sedardent, le dosage d’anticorps anti AgLT
(43) a été identifié comme une méthode de suivipddients, actuellement utilisée en routine
dans notre établissement. Sous I'impulsion du Pni®a des travaux sur le métabolisme
tumoral (étude de la vitamine D (44) et de I'expies des récepteurs de la somatostatine
(45)) ainsi que sur les interactions du CCM avesytéme immunitaire (46) ont par la suite
éteé réalisés.

Dans ce contexte, m’'intéressant particuliéeremetd dermatopathologie, j'ai eu la chance
d’intégrer cette équipe, dans laquelle jai pu skl mon stage de master 2 et avec laquelle
jai pu mettre en place un projet de thése de seren cotutelle franco-allemande qui
débutera des novembre 2017.

Les deux articles présentés dans ce manuscritnposte les CCM ganglionnaires sans
primitif cutané et représentent le premier trawpik j'ai pu initier au sein de I'équipe. Les
CCM ganglionnaires représentent entre 5 a 15 %etsdmble des CCM, il s’agit d’'une
entité encore largement méconnue par les clinicegngs pathologistes et nous avons été
confrontés, dans la pratique, a un certain nomlyeedirs diagnostiques ayant conduit a la

mise en place d’'une prise en charge non optimatecd®fait, I'objectif du premier travail
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présenté était de déterminer des critéres diagnestide CCM ganglionnaires sans primitif
cutané, utilisables en pratique courante. Ce trawvagté soumis dans ldournal of the
American Academy of Dermatology en novembre 2016. Des révisions majeures ont été
demandées en avril 2017 et une seconde versiah soamise en mai 2017. Nous attendons
actuellement la décision du journal.

Le second travail présenté avait pour but d’exploe physiopathologie des CCM
ganglionnaires sans primitif cutané afin d’éclalearr rapport avec les CCM cutanés. Il s'agit
d’'une premiere version d'un travail récent qui pas encore été présenté a I'ensemble des
coauteurs ni soumis pour publication dans aucum@uCependant, du fait de la relation

directe entre ces deux travaux, il nous a semidéassant de les présenter en association.
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V.

Differential diagnosis of Merkel cell carcinoma oflymph nodes without skin
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Abstract

Background: Merkel cell carcinoma (MCC) can present as a cutasg¢umor or a lymph
node without primary tumor (MCCWP). MCCWP can besimterpreted on histologic
examination as lymph node metastasis (LNM) fromenptimeuroendocrine carcinomas
(LNMNECSs). However, this distinction is crucial firerapeutic management.

Objective: To determine the discriminative criteria for drfatial diagnosis between
MCCWP, LNM from cutaneous MCC and LNMNECs.

Methods: Clinical, morphologic, immunohistochemical dataxgeession of cytokeratin
AE1/AE3, 7, 19, 20; chromogranin A, thyroid tranption factor-1 [TTF-1]) and presence of
Merkel Cell Polyomavirus (MCPyV) (immunohistochetmygsand PCR) were compared in
patients with MCCWP (n=17), LNM from cutaneous M@&=11) and LNMNEC (n=20:
lung, n=8; thyroid, n=7; digestive tract, n=3; athe=2).

Results: MCC (MCCWP and LNM from cutaneous MCC) differedrfr LNMNEC by 7
discriminative criteriaElderly age,Location of the tumorExtent, Cytokeratin andT TF-1
expressionHistologic types an&irus (MCPyV) detection, summarized under the acnony
ELECTHiV . All MCC patients had at least 5 of the ELECTHiViteria, whereas all
LNMNEC patients but 1 had fewer than 3 criteria.

Limitations: The discriminant ability of the ELECTHIV criterishould be validated in a
second independent set.

Conclusion: MCCWP can be distinguished from other LNMNEC bg ELECTHIV criteria.
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Introduction

Merkel cell carcinoma (MCC) is a rare aggressivwceous neoplasm with a 5-year overall
survival rate of 40% (12). It occurs essentiallyeiderly and the main risk factors are sun
exposure and immunosuppression. Histological exatiain reveals infiltration of the dermis
or hypodermis by small cells with neuroendocrinatdees. Immunochemistry shows the
expression of both epithelial and neuroendocrinekera in tumor cells. Cytokeratin 20
(CK20) expression is observed in 92% of MCC cagey; (thyroid transcription factor-1
(TTF-1) expression is rare (47).

Merkel cell polyomavirus (MCPyV) is a ubiquitousrhan polyomavirus with seroprevalence
reaching 90% (29) in adults. In 2008, Feng et 26) (dentified integration of the MCPyV
genome in tumoral cells of most MCCs. MCPyV DNAdetected by PCR in approximately
80% of cutaneous MCC cases, and the large T anf{lgeAg), a major viral oncoprotein, is
detected by immunochemistry (48) in 60% of cas&$. (4

Approximately 5% to 15% of MCC cases present agrgoh node metastasis (LNM) without
primary skin tumor (11,49-51). In such cases of M&G/mph nodes without primary tumor
(MCCWP), superficial lymph nodes are removed arahddrd histological examination
reveals features of high-grade neuroendocrine mamta (NEC) indistinguishable from LNM
of an unidentified (non-Merkel cell) NEC (LNMNECHowever, the distinction between
MCCWP and LNMNEC is crucial because of significagifferences in therapeutic
management and outcome (50). Indeed, MCCWP reqlyingsh-node dissection combined
with radiotherapy (50), whereas LNMNEC requiresrmabtherapy. The outcome for patients
with MCCWP is worse with chemotherapy alone thathvgiurgery and radiotherapy (52),
which highlights the need for accurate differenti@gnosis of MCCWP and LNMNEC.

CK20 and TTF-1 expression profiles, which enablediierential diagnosis between

cutaneous MCC and small-cell NEC from other site§,53,54), are currently used as

22



diagnostic criteria for a positive diagnosis of MCA&lthough MCCWP features have been
compared with those from cutaneous MCC (55,56)stndy has investigated the diagnostic
accuracy of any marker for the differential diagaad MCCWP, LNM from cutaneous MCC
and LNMNEC.

We aimed to compare the clinical, histologic anebhagic features among MCCWP, LNM
from cutaneous MCC and superficial LNMNEC to essdblrelevant criteria for their

differential diagnosis.
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Methods

Design and settings

MCC cases diagnosed in the dermatology departmgote 5 hospital centers were
considered for inclusion in the historical prospect“MCC cohort” (45) (Local Ethic
Committee, Tours, France, no. ID RCB2009-A01056-5Iymor FFPE samples were
reviewed by a pathologist from the French “TENPatktwork (SG) and were included as
MCC cases if they displayed a morphology compatiith MCC, together with positive
immunostaining for CK20 and at least 1 neuroendecmarker among synaptophysin and
chromogranin A. CK20-negative tumors were also imred if the morphology was
compatible and at least 2 neuroendocrine markers @eressed.

LNMNEC cases were retrieved from the database dfefartment of pathology (Tours,

France) by a search of samples registered betw@&&hdnd 2015.

Inclusion criteria

MCC cases (MCCWP and LNM from cutaneous MCC)

For the specific needs of the current study, all®M€ases with available FFPE samples,
included in the cohort were reviewed for medicatdry, clinical and imaging data. An
MCCWP diagnosis was retained with LNM revealing t@ncer, no previous history of
cutaneous MCC or deep NEC, no evidence of cutaneouxtra-cutaneous primary NEC
after exhaustive work-up consisting of cutaneougsjglal examination and extensive imaging
(whole-body CT-scan and/or 18 FDG-PET-CT scan). 3&mples of LNM from cutaneous
MCC were included on the basis of the followingemia: confirmation of cutaneous MCC

primary tumor.
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LNMNEC cases

MCCWP occurs mostly in superficial lymph nodes (569 only patients with superficial
LNM from other NECs were included to establishestd. From our database, we retrieved
data for patients with LNM from any NEC histologsubtype in a superficial location
(parotid, cervical, supraclavicular, axillary orogr areas) and with a lymph node revealing
the cancer or the relapse, presence of histolofi€ Neatures, and immunohistochemical
expression of both neuroendocrine (chromogranirr Aymaptophysin) and epithelial (AE1-

AE3) markers.

Exclusion criteria
We excluded data for patients without availablsuges samples or insufficient samples to

perform molecular analysis.

Clinical and follow-up data

Age, sex, past history of cancer, and lymph-nodatlon were collected from patient files.
Disease extent at the time of diagnosis was cladsiis “localized” (restricted to primary skin
and/or 1 superficial lymph node area) or “systen{eXtension beyond skin and/or lymph
nodes). Regarding LNMNEC, the primary tumor locatiwwas classified as “proved”
(diagnosis relying on histologically proven primaiymor sample), “possible” (diagnosis
relying on strong clinical and imaging argumentsthout biopsy of the primary) or

“undetermined”.

Histology and immunohistochemistry
Histological classification of tumors was assesbgda pathologist (SG) according to the

WHO classification (57-59), distinguishing 3 NEhsgpes (small-cell, large-cell and well-
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differentiated NEC) based on cytological featutesnor cell morphology, nucleocytoplasmic
ratio, chromatin) and proliferation rate. Brieflpporly differentiated NEC cases shared
features of high proliferative activity and frequemcrosis; they were subclassified as small-
cell NEC when composed of small- to medium-sizdts eeith high nucleocytoplasmic ratio,
“salt-and-pepper” chromatin with inconspicuous et or large-cell NEC when composed
of larger cells with more abundant cytoplasm angaagnt nucleoli. Well-differentiated
neuroendocrine tumors showed a more prominent chesterabecular pattern with often
absence of necrosis, bland cytology and low pnaltfen rate.

Tissue samples were included in a tissue microaff&A) with a semi-motorized tissue
arrayer (MTA booster Ol v2.00, Alphelys). Triplieaspots were obtained for all patients.
Immunohistochemistry was performed according to m@nufacturer’s instructions on a
BenchMark XT platform. Tumors were screened witkevant markers for NEC (pan-
CKAE1-AE3, chromogranin A, synaptophysin), MCC (CGKIXCK20 and LTAg) and other
NEC markers (TTF-1, CK7). Antibodies and dilutioage in Supplemental Table S1
AE1/AE3-positive cases were classified as dot-bkediffuse according to staining pattern.
Chromogranin A and synaptophysin expression wassifiad as “positive” or “low”
according to an arbitrary threshold of 30% of stdirtells. Positivity for CM2B4 antibody

was assessed using the Allred score as previoeshyithed (31).

Detection of MCPyV DNA

Genomic DNA was isolated from tissue samples by eis¢he Maxwell 16 Instrument
(Promega) with the Maxwell 16 FFPE Plus LEV DNA ifination kit (Promega). PCR assay
was performed as described (60). Briefly, 15 ng DiNAs mixed with 0.2 uM primers
(Supplemental Table S2 0.1 uM DNA probe and Mix Life technologies (Apga):

Tagman(R) Universal PCR Master Mix 2X in a finalwoe of 25 ul. PCR reactions were
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performed with the Biosystems 7500 Real-Time PCRt&ys platform programmed for
50°C x 2 min with an initial denaturation at 95°C% min, followed by 45 cycles at 95°C x

15 sec and 60°C x 60 sec.

Statistical Analysis
Continuous data are described with median (quarf@ 1-3) and categorical data with
number (percentages). Categorical data were comhfgm®veen groups by using the two-

tailed Fisher's exact test. P<0.05 was considerethtisscally significant.
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Results

Patient characteristics

Among the 223 patients included in the MCC cohBRPE samples were available for 128
cases, including 44 with LNM at the time of diagsa&igure 1). Among these, 17 met our
criteria for MCCWP and 11 for LNM from cutaneous KFigure 1). Data for patients are
in Supplemental Table S3 Among the 17 patients with MCCWP, a dermatologiat
performed a skin examination to exclude a primamgdr of the skin or mucosae for 16 and
an oncologist had performed multiple physical exations for 1 (patient 9). Extra-cutaneous
primary NEC was excluded in all 17 cases by imadit®FDG PET-CT scan, n=8; whole
body CT-scan, n=4; both, n=5). Two patients undatwendoscopy and Indium-111
somatostatin analog scintigraphy (Octreoscan) €pttil and 17). Among the 102 patients
with NEC and LNM retrieved from our database, 23hwiLNMNEC met our inclusion
criteria and 3 were excluded because of unavailsdmeples Figure 1). Patients had primary
LNMNEC tumors of the lung (n=8: small-cell carcinaym=5; and large-cell NEC, n=3),
thyroid (n=7), or gastrointestinal tract (n=3: shadll carcinoma, n=1; large-cell
neuroendocrine component of mixed adenoneuroem@oararcinoma [MANEC], n=2);
atypical carcinoid tumor of the arytenoid (n=1); wrknown cancer (n=1: large-cell NEC)

(Supplemental Table S

Clinical data

Clinical features of patients are described able I. The median age was 70 years [63—79].
At the time of diagnosis, most of the MCC LNM casesre limited to the inguinal area
(MCCWP, n=15; cutaneous MCC, n=7). In contrast, LNIBC patients with a pulmonary
primary tumor (n=8) presented advanced metastadieade at diagnosis (large mediastinal

tumor bulk, extensive lymph-node involvement ansceral metastases) with no history of
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NEC. Patients with a gastrointestinal primary tur(rot3) had a history of NEC and showed
aggressive relapse (generalized disease, n=2jZedatlisease with fast disease progression
and death, n=1). All patients with primary thyrdit=7) and arytenoid (n=1) cancer showed
localized lymph node recurrence. One patient withuaknown primary site (patient 27) had
extensive metastatic disease and died a few dags lgmph node biopsySupplemental

Table S3.

Immunomorphological and virologic data

The 3 groups showed close similarities in architedtpatterns and cytology, as illustrated by
representative microscopic features of MCCNWP, Li&Mm cutaneous MCC and LNMNEC
casesin Figure 2. All MCCWP and LNM from cutaneous MCC cases welassified as
small-cell carcinoma, whereas LNMEC cases displagradll-cell (n=6), large-cell (n=6) or
well-differentiated NEC (n=8) features.

Comparative immunostaining data for the 43 tumoyaed is reported imable II. Marker
expression by histologic type and primary tumoe $streported imable S4 MCPyV DNA
was detected in 15 of 17 patients with MCCWP (88#)patients with LNM from cutaneous

MCC (100%) and 1 patient with LNM from a large-ddiEC of the lung (5%).

Determining diagnostic features — the ELECTHIV criteria

We were able to identify 7 features that differgghgicantly between MCCWP and LNM
from cutaneous MCC and LNMNEC. MCCWP and LNM froatameous MCC differed from
LNMNEC by age ¥70 vs <70 years, p<0.001), location of the lympldendinguinal or
parotid vs other locations, p<0.01), disease exXlentlized vs systemic, p<0.01), histologic
type (small-cell carcinoma vs large-cell carcinoam well-differentiated tumors, p<0.01),

CK expression (CK20 positive vs negative, p<0.0id &TF-1 expression (absent vs present,
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p<0.01) as well as MCPyV detection (present vs r@thge<0.01). These 7 features could be
summarized as the ELECTHIV criteri&lflerly: >70 years,Location: inguinal or parotid,
Extent restricted to the lymph node ar€&K20 positivity, TTF-1 negativity,Histological
type: small cell carcinom&/irus detection).

The classification of patients by their diagnosisl aumber of ELECTHIV criteria (0 to 7) is
in Figure 3. Among patients with MCCWP and LNM from cutaned€C, the 7 criteria
were assessable in 16 of 17 and 9 of 10 patiexgpectively. All of these patients had at least
5 criteria (5 criteria, n=4; 6 criteria, n=12; 7teria, n=9). In contrast, 19 of 20 patients with
LNM from NEC had fewer than 3 criteria (O criterig2; 1 criterion, n=13; 2 criteria, n=4),
except for 1 patient with metastatic digestive MABIEpatient 28supplemental Table S3J,

who had 5 criteria.
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Discussion

In this study, we examined the diagnostic markerdMCCWP, LNM from cutaneous MCC
and LNMNEC to establish criteria for the differaitdiagnosis of these cancers. MCCWP
shared similar morphological and phenotypical festuas LNM from cutaneous MCC but
were accurately distinguished from other supelifitlEAMNEC by a spectrum of clinical,
histologic and virologic criteria that were summzad as the ELECTHIV criterigE(derly: >

70 years,Location: inguinal or parotidExtent restricted to the lymph node ar&zK20
positivity, TTF-1 negativity Histological type: small cell carcinom#irus detection).

Although MCCWP features have been compared witlsehfoom cutaneous MCC tumors
(55,56), the biologic connection between MCCWP aathneous MCC is still unclear:
whether MCCWP primarily originates in nodal lympbdes or occurs after a metastatic
process is unclear. In current practice, supetfldMMNEC represents the main differential
diagnosis of MCCWP and must be distinguished frorl€QWVP because of different
therapeutic management and outcome (50). It musnhderlined that there is no current gold
standard for the positive diagnosis of MCCWP. I study, the classification of cases
involved multiple pathology reviewing as well asmailtidisciplinary approach to develop
criteria that could be easily used in routine pcact

The ELECTHIV criteria include 3 clinical featureage, disease extent and LNM location.
Indeed, MCCWP mainly affects older people (medige at onset, 81 years (61)) and is often
confined to a single lymph node area (56). HoweUtMMNEC, especially small-cell
carcinoma of the lung (62), occurs in younger pasieoften in a setting of extensive disease.
The ELECTHIV criteria include the tumoral CK20 egpsion, which appears as a robust but
not specific marker of MCC. In our study, all pate with MCCWP expressed CK20, as did
1 with LNMNEC, a large-cell NEC component of a nstéic digestive MANEC (patient

28). Although CK20 expression is rare in most pdaiewith NEC (25,53,63), it can be
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expressed in patients with MANEC, consisting ofaam-meuroendocrine component (mainly
adenocarcinoma) associated with NEC (58). Theretore patient with LNM from MANEC
in our series had five ELECTHIV criteria, which indtes that LNM from MANEC remains a
major diagnostic pitfall in the differential diagsie of MCCWP. Similarly, TTF-1 expression
was rarely detected in MCC (47), but 1 of our pasewith MCCWP showed moderate
nuclear TTF-1 expression (patient 12). In our edgmee, as in others (64), moderate nuclear
expression of TTF-1 is not an infrequent featurd&C (15% of our MCC cohort, data not
shown) and moderate expression of TTF-1 shouldydself exclude the diagnosis of MCC.
The last ELECTHIV criteria was detection of MCPyWR by PCR in tumor samples.
Indeed, MCPyV DNA was detected in 15 of 17 patiemth MCCWP, all with LNM from
cutaneous MCC and only 1 with LNMNEC. Previouslg Biase et al. (55) detected MCPyV
DNA by PCR in 5 of 5 patients with MCCWP as complavath 7 of 22 with MCCWP by
Pan et al. (56). Using immunohistochemistry, Hayeet al. (51) detected MCPyV in 4 of 6
patients with MCCWP. Such discrepancies have bésereed for cutaneous MCC (47) and
probably reflect heterogenous technical proced{BNA fragmentation in FFPE tissue
samples, PCR amplicon size and sets of primers, B2M2ntibody immunostaining
sensitivity). Altogether, our results suggest thEIPyV prevalence in MCCWP is probably
the same as in its cutaneous counterpart. Howesxealso detected MCPyV DNA in a large-
cell NEC of the lung, which is consistent with pmais detection of MCPyV in non-Merkel
cell neoplasms (65) .

Because none of the markers we describe allow dourate discrimination between MCC
and LNMNEC when used alone, we suggest combinimgnthn the seven ELECTHIV
criteria. In our cohort, all patients with assessaldCC had at least 5 of the 7 criteria,
whereas all patients with other metastatic NEC p«aane (with MANEC, discussed

previously) showed fewer than 3 criteria. When adersng the ELECTHIV criteria as a 7-
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point diagnostic score, an ELECTHIV score3 would be associated with a MCCWP
diagnosis with sensitivity of 100% (95% confidennterval: 84-100%) and a specificity of
95% (95% confidence interval: 75-100%) in our stgdynple. Although this score should be
validated in a second independent set of patieeferd drawing definite conclusions
regarding its accuracy, we assessed it with 1%tiaddi MCCWP patients, with all available
items retrieved from the literature (55,56) andfeomed ELECTHIiV score$ 3 in all patients
(score 3, n=1; score 4, n= 4; score 5, n=3; sconeB; score 7, n=4).

To conclude, MCCWP represents a well-defined emithe MCC tumor spectrum. MCCWP
can be discriminated from LNMNEC by a body of at@l, radiologic, morphologic and
biologic criteria. We suggest the use of the ELEGT Eriteria to optimize classification of

these cancers and thus management in currentqeacti
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Abbreviation and acronyme list:

CK: Cytokeratin

DNA: Desoxyribonucleic acid

LNM: Lymph node metastasis

LNMNEC: Lymph node metastasis from neuroendocrereiooma
LTAg: Large T antigen

MANEC : Mixed adenoneuroendocrine carcinoma

MCC: Merkel cell carcinoma

MCCWP: Merkel cell carcinoma of lymph nodes withelin primary tumor
MCPyV: Merkel cell polyomavirus

NEC: Neuroendocrine carcinoma

PCR: Polymerase chain reaction

TTF-1: Thyroid transcription factor 1
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Figures and Tables:

223 MCC with confirmed diagnosis 102 samples encoded as NEC from
¥ the LN diagnosed between 1995 and
2015

128 MCC with available FFPE samples

|

44 MCC with LNM

Exclusion (n=82):

Exclusion (n=16): -without inclusion criteria (n=79)
%u;@r?ac;us MCC with no LNM -without available FFPE sample
(n=3)
17 MCCWP 1 ENMfrom 20 LNMNEC
cutaneous MCC
Insufficient material for Insufficient material for Insufficient material for
IHC study (n=1) IHC study (n=2) IHC study (n=2)

43 samples available for IHC analysis
(16 MCCNWP, 9 LNM from cutaneous MCC and 18 LNMNEC)

48 samples for molecular analysis
(17 MCCNWP, 11 LNM from cutaneous MCC and 20 LNMNEC)

Figure 1: Flow of patients in the study

FFPE: formalin fixed and paraffin embedded, IHCmuonohistochemical; LN: lymph node,
LNM: lymph node metastasis, MCC: Merkel cell camima, MCCNWP: Merkel cell
carcinoma of lymph node without primary tumor, NE@uroendocrine carcinoma.
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Figure 2: Microscopic features of MCCNWP (a), LNM from cueamus CCM (b) and
LNMNEC cases (c: small-cell carcinoma of the ludglarge-cell carcinoma of the lung, e:
well-differentiated neuroendocrine tumor of the rthg [medullar thyroid carcinoma], f:
neuroendocrine component of MANEC from the digestitract). On morphological
examination (HES x200), all high-grade NEC casesresh a similar architectural pattern
forming islands and ribbons of uniform tumor cellBumors classified as small-cell
carcinoma (a, b, c, f) displayed a high nucleocigemic ratio, “salt-and-pepper” chromatin
and high number of mitoses; large-cell NEC (d) welnaracterized by abundant cytoplasm
and apparent nuclei. Well-differentiated neuroemnidectumors showed few mitosis and a
more obvious nested pattern (e: medullar thyrordinama).
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Figure 3: Patient diagnoses and ELECTHIV criteri&derly: >70 yearsL ocation: inguinal
or parotid, Extent restricted to the lymph node ar€20 positivity, TTF-1 negativity,
Histological type: small cell carcinom&,rus detection). All patients with MCCWP and
LNM from cutaneous MCC had at least five ELECTHINteria, whereas 19 of 20 patients
with LNM from NEC had fewer than 3 criteria, excépt 1 patient with metastatic digestive
mixed adenoneuroendocrine carcinoma (MANEC), wiebShariteria.
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Table I. Characteristics of patients with Merkel cell camna (MCC) without primary tumor
(MCCWP), lymph node metastasis (LNM) from cutaneoM&€CC and LNM from
neuroendocrine carcinomas (LNMNEC). NS, not sigatfit.

Characteristics MCCWP LNM from LNMNEC P value
cutaneous MCC

(n=17) (n=11) (n=20)
Age, n (%) <0.001
< 70 years 8 (47) 1(9) 16 (80)
> 70 years 9 (53) 10 (91) 4 (20)
Sex ratic (male/female) 8/9 a/7 11/9 NS
Lymph node location, n (%) <0.01
Parotid 2(12) 1(9) 0
Cervical 0 1(9) 10 (50)
Supra-clavicular 0 0 6 (30)
Axillar 0 2 (18) 3 (15)
Inguinal 15 (88) 7 (64) 1(5)
Disease extent, n (%) <0.02
Localized 16 (94) 11 (100) 9 (45)
Systemic 1(6) 0 11 (55)
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Table Il. Histologic, immunohistochemical and virologic feats of patients with MCCWP,
LNM from cutaneous MCC and LNMNEC. NS: not signéi.

MCCWP LNM from cMCC LNMNEC | Pvalue
(n=17) (n=11) (n=20)
Histologic features
Histological subtypes <0.01
Small-cell carcinoma 17 (100) 11 (100) 6 (30)
Large-cell carcinoma 0 0 6 (30)
Well-differentiated tumor 0 0 8 (40)
Immunochemical features
Cytokeratin expression
AE1/AE3 NS
Dot staining 14 (88) 7 (78) 3(17)
Diffuse staining 2 (13) 2 (22) 15 (83)
CK7 0 0 8 (44) <0.01
CK19 10 (63) 1(11) 3 (17) <0.01
CK20 <0.01
Dot staining 5 (31) 6 (67) 0
Diffuse staining 11 (69) 2 (22) 1(6)
Neuroendocrine marker
expression NS
Chromogranin A 14 (88) 7 (78) 14 (78)
High expression 2 (13) 2 (22) 4 (22)
Low expression NS
Synaptophysin 9 (56) 2 (22) 11 (61)
High expression 3(19) 6 (67) 5 (22)
Low expression
Other markers
TTF-1 1(6) 0 14 (78) <0.01
MCPyV detection
Immunochemistry 8 (50) 4 (44) 0 <0.01
Virologic features
MCPyV detection by PCR 15 (88) 11 (100) 1(5) | <0.01
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Supplemental Table S1: Antibodies used for immundktochemistry*

Antigen Clone Provider Dilution
CKAE1/AE3 M3515 Dako 1/200

CK7 M7018 Dako 1/200

CK19 M8880 Dako 1/100

CK20 M7019 Dako 1/100
Chromogranin A A0430 Dako 1/2000
Synaptophysin RBKO11 Zytomed 1/200
TTF-1 SP141 Roche Pre-diluated
Large T Antigen Sc-136172 Santa Cruz 1/50

CK: cytokeratin; TTF-1: thyroid transcription factb

*the kit used for all antibodies was Ultraviewuris&l DAB kit (ref 760-500 Ventana Roche)

Supplemental Table S21 arge T-antigen primer sequences for Merkel cey@mavirus

(MCPyV) detection by PCR

LT3F 5" TCG-CCA-GCA-TTG-TAG-TCT-AAA-AAC 3’

LT3R 5’ CCA-AAC-CAA-AGA-ATA-AAG-CAC-TGA 3’

LT3S 6-FAM5’ AGC-AAA-AAC-AAC-ACT-CTC-CCC-ACG-TCA-
GAC-AG 3’ BHQ
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Supplemental Table S3Clinical, histologic, immunochemical and virolodaatures all patients

Patient Clinical data Expression of immunochemical and biologic markers
Primary Status of Localization Disease
No. Diagnosis tumor primary Age | Sex History of cancer of lymph extension CK20 | CK7 | chromo | synapto| TTF-1 | CM2B4 | AE1/AE3 CK19 PCR
site tumor node
1 MCCWP LN proven 68 M no inguinal localized + +| low - + dot dot +
colon ADC, A .
2 MCCWP LN proven 83 F pheochromocytom inguinal localized + - + - - + dot - +
3 MCCWP LN proven 65 F large-cell inguinal localized + - + + - + dot dot +
lymphoma
4 MCCWP LN proven 71 M NA inguinal localizegl + + + - + dot dot +
5 MCCWP LN proven 75 F no inguinal localizgd + + + - - dot - -
6 MCCWP LN proven 80 M no inguinal localizegd + + + - - dot - +
7 MCCWP LN proven 63 M no inguinal localizeg + +| low - + dot dot +
8 MCCWP LN proven 59 F no inguinal localizgqd + +| low - - dot - +
9 MCCWP LN proven 63 F pancreas ADC inguinal lo:c::1 + +
10 MCCWP LN proven 70 M no inguinal localized H + + - - diffuse dot +
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11 MCCWP LN proven 79 no inguinal localizgd owl - dot -
12 MCCWP LN proven 73 no inguinal localizeld ow - dot -
13 MCCWP LN proven 67 NA inguinal localizegd + + dot dot
14 MCCWP LN proven 57 no inguinal localizgd + + dot dot
15 MCCWP LN proven 81 no inguinal systemjic + + dot dot
16 MCCWP LN proven 84 no parotid localizgd + + dot dot
17 MCCWP LN proven 56 no parotid localizgd + - diffuse dot
18 SCNEC lung possible 70 no susclavicular  systeric - low + dot -
19 SCNEC lung possible 61 no cervica systerhic low - dot -
20 SCNEC lung possible 64 no susclaviclar  systeq - + + dot -
21 SCNEC lung possible 56 no susclaviclar  systeq - + low diffuse -
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22 SCNEC lung possible 43 no cervica systerhic - + + diffuse -
23 LCNEC lung possible 58| no axilary systenfic + + diffuse -
24 LCNEC lung possible 64 no susclavicular  systemn -

25 LCNEC lung possible 46 no susclavicular — systerp -

26 Cag?/g:f;g arethynoid proven 91 prostate ADC cervical localizgd E diffuse -
27 LCNEC unknown| undetermingd 83 no axilary systemid - + + - -
28 MANEC anal cana| proven 9] no inguinal locatiz| + low + diffuse dot
29 MANEC stomach proven 69 no susclavicular  sydte - + - - -
30 SCNEC anal cangl proven ap no axilaryf systeic- low + diffuse -
31 MTC thyroid proven 70 no cervical localizgd E + low diffuse -
32 MTC thyroid proven 55 no cervical localizg¢d E + + diffuse -




33 MTC thyroid proven 61 no cervical localizd + low diffuse -
34 MTC thyroid proven 67 no cervical localizg + low diffuse -
35 MTC thyroid proven 71 no cervical localizg + + diffuse diffuse
36 MTC thyroid proven 69 prostate ADC cervicall cdbzed + low diffuse -
37 MTC thyroid proven 60 no cervical localizg + + diffuse diffuse
localized
LNM from ) .
38 CMCC skin proven 73 no axilary LNM low low dot -
recurrence
localized
39 LNM from skin proven 82 no inguinal LNM + low diffuse -
CMCC
recurrence
LNM
LNM from . . P associateq .
40 CMCC skin proven 85 kidney ADC inguinal with skin + + diffuse -
primary
LNM
LNM from . Lo associated
41 CMCC skin proven 74 no inguinal with skin + low dot -
primary
localized
LNM from . R
42 CMCC skin proven 65 no inguinal LNM + low dot -
recurrence
LNM
LNM from . . associated
43 CMCC skin proven 71 no axilary with skin + low dot low
primary
LNM
LNM from . kidney and bladde| L associateq
44 CMCC skin proven 78 ADC inguinal with skin + + dot -
primary
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localized

45 LI\CI:I\KI/Igc():m skin proven 73 no cervical LNM low low dot
recurrence
localized
LNM from . .
46 CMCC skin proven 78 NA parotid LNM
recurrence
localized
LNM from . R
a7 CMCC skin proven 72 inguinal LNM + - dot
recurrence
LNM
LNM from . L associateq
48 CMCC skin proven 76 NA inguinal with skin
primary
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Table S4:Detailed immunohistochemical features of MCCWPM.NHom cMCC and LNMNEC.

MCCNWP 16 14 2 0 10 16 14 2 9 3 1 0 8
LNM from cMCC 9 6 2 0 1 8 7 2 2 6 0 0 4
LNMNEC (total): 18 3 15 8 3 1 14 4 11 5 14 0 0
-Lung NEC
Small cell carcinoma 5 3 2 0 0 0 3 2 3 1 5 0 0
Large cell carcinoma 1 0 1 1 0 0 1 0 1 0 1 0 0

- Digestive NEC

Small cell carcinoma 1 0 1 0 1 1 1 1 1 0 0 0 0
MANEC 2 0 2 1 0 0 0 1 1 0 1 0 0
- MCT 7 0 7 5 2 0 7 0 3 4 7 0 0
- Arytenoid carcinoid 1 0 1 0 0 0 1 0 1 0 0 0 0
- Unknown 1 0 1 1 0 0 1 0 1 0 0 0 0
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VI.

Merkel cell carcinoma of lymph nodes without skin pimary tumor are

metastatic neoplasia associated with an efficientimune response
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Abstract

Backround: Overall, 5% to 15% of Merkel cell carcinoma (MC€jses appear as isolated
superficial adenopathy and have been reported a8 bfGhe lymph node without cutaneous
primary tumor (MCCWP). Whether this tumor resulteni a metastatic process with
spontaneous regression of the primary or is a pyiruanor of the lymph node is debated.
Objective: To determine the metastatic or primitive natureMECWP by investigating
epithelial-mesenchymal transition makers and immaofigrate in a cohort of MCC.

Methods: Cases from an MCC cohort were reviewed and clags#ds primary cutaneous
tumors (n=60), lymph node metastasis (LNM) fromnaiy cutaneous tumors (n=18) or
MCCWP (n=15). Samples were included in a tissuergaitay and immunochemistry was
used to compare the expression of 4 potential nagtasnarkers related to the epithelial—
mesenchymal transition (E-cadherin, N-cadheringc Zinger E-box binding homeobox 1
[Zebl], vimentin) among the three groups. Becaugh lmmune response may explain the
regression of an occult skin primary tumor in MCCWdEnsity of intratumoral immune cells,
which have been associated with improved outconig8(ymphocytes and CD33 myeloid
cells), was also evaluated.

Results: For MCC with an identified cutaneous primary, hagid diffuse expression of Zebl
was more frequent in LNM (73%) than in primary MG82%) and could be therefore
considered as indicative of the metastatic natpred.017). Zebl expression profile was
similar for MCCWP (66% high diffuse staining) andNM from cutaneous primary but
differed from that for primary MCC (p=0.014). In ditlon, density of CD8 and CD33
immune infiltrating cells was higher with MCCWP thaMCC with identified cutaneous
primary (both primary MCC and LNM) (p=0.03).

Conclusion: Frequent Zebl expression and high immune infdtrstiggest that MCCWP
could be a metastatic process associated withfareat immune response.
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Introduction

Merkel cell carcinoma (MCC) is a rare aggressiveraendocrine carcinoma of the skin
occurring essentially in older people; the maink rifactors are sun exposure and
immunosuppression (7). On microscopic examinatioklCC shows high-grade
neuroendocrine carcinoma features mainly charaewrby a proliferation of small-sized
tumor cells showing high nucleocytoplasmic ratighhmitotic rate and frequent association
with necrosis (7).

In 2008, Feng et al. (26) found integration of kherkel cell polyomavirus (MCPyV) genome
in tumoral cells of most MCCs. Additional studiestirmed MCPyV DNA could be detected
by PCR in approximately 80% of cutaneous MCC.

Approximately 5% to 15% of MCC cases present aplymode metastasis (LNM) without a
primary skin tumor (MCCWP) (49-51,61). We and o$h€52,55,56) have confirmed that
MCCWP belongs to the spectrum of MCC because obranwon phenotype shared by
MCCWP and its cutaneous counterparts and distihqugsit from other neuroendocrine
carcinomas. However biological connections betwelsCWP and cutaneous MCC remain
unclear. MCCWP has been suggested to correspoih@ toodal metastasis from an occult or
totally regressive skin MCC (66). However, MCCWPuilcb also derive from intranodal
preexisting epithelial nests of MCC cell precurs(@6), as reported for nodal melanocytic
naevi, and represent a localized non-metastatiotum

Metastastic evolution is a complex biological pres;eclosely related to the invasion abilities
of the tumor cells and to epithelial-mesenchymaingdition (EMT) (67,68). EMT is
characterized by a loss of epithelial markers sashE-cadherin and acquisition of a
mesenchymal phenotype with abnormal expression-cédiherin or vimentin. EMT depends

on a few transcription factors that are common tstmeoplasias. Among these, zinc finger
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E-box binding homeobox 1 (Zebl) (67) is the maitedwinant of the EMT in many solid
cancers, but its expression has never been inagstign MCC.

The metastatic nature of MCCWP would imply a conepleegression of a skin primary
tumor. Indeed, complete spontaneous regressiorothf localized and metastatic MCC has
been reported (66). Inoue et al. identified inceglaspoptosis as well as high cytotoxic T-cell-
mediated responses (38,69) as major determinarttésofegression. The impact of immune
infiltrates on MCC behavior has also been reveaietbn-regressive tumors. Indeed, Paulson
and others showed brisk CD8 lymphocytic infiltraethe intratumoral area, reflecting an
effective anti-tumor immune response (35-37). H@avemost MCC display immune evasion
from anti-tumoral effectors by excluding CD8 lympglytes at the periphery of the tumor
and/or by inhibition of the cytotoxic response @5, Recently, our group revealed CD33-
expressing myeloid cells as a second populatiooceged with an efficient immune response
in MCC. Indeed, intratumor CD33 density was closaBsociated with the presence of
intratumoral CD8 lymphocytes, and tumors with bri€lb33 and CDS8 infiltrates were
associated with better survivalJ(unpublished data).

The aim of this study was to clarify whether MCCW®&uld represent a metastatic process
deriving from an occult cutaneous primary tumor. $#iedied EMT markers expression and
immune infiltrates in a large cohort of MCC casegluding MCCWP and MCC with

identified cutaneous primary.

(O Travail intitulé “Merkel Cell Carcinoma tumors inf iltrated by CD33+ myeloid cells and CD8+ T cells are
associated with improved outcome”. Le manuscrit estn cours de finalisation, et sera bientét soumis da le Journal
of the American Academy of Dermatology
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Methods

Design and settings

MCC cases were selected from an ongoing histopicadpective cohort of MCC patients
from 5 French hospital centers. Inclusion critesfathe cohort were previously described
(45). Briefly, patients had a diagnosis of MCC bbshed between 1998 and 2016 (local
ethics committee, Tours, France, no. ID RCB200945&L51). Only cases with available
formalin-fixed paraffin-embedded (FFPE) samples evepnsidered for inclusion in the
present study.

Among this population, MCCWP cases were identitesdpreviously described)( Briefly,
the diagnostic criteria were: no previous histdrgutaneous MCC, no evidence of cutaneous
or extra-cutaneous primary tumor, no evidence atenafter exhaustive work-up consisting
of cutaneous physical examination and extensiveginga (whole-body CT scan and/or
8eDG-PET-CT scan). Cases with identified cutaneotimgry MCC were included as
cutaneous primary tumor or LNM according to theataan of the available FFPE sample. In
cases with available FFPE samples from both thengwi tumor and metastasis were
available, only the metastasis was included. Castbsunknown location were excluded from

the study.

Clinical and follow-up data
Age, sex, immunosuppression (HIV infection, orgaansplant recipients, hematological
malignancies) and American Joint Committee on Ca(&&CC) stage at the time of surgery

were collected from patient files.

(D Décrit dans l'article précédent : "Differential diagnosis of Merkel cell carcinoma of lymph nodes whout skin
primary tumor and other metastatic neuroendocrine @rcinomas: the ELECTHiVcriteria "
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Tissue microarray

Before including samples in the tissue microarraggas of interest were selected on
hematoxylin/eosin (HES)-stained sections using ftiiwing criteria: central intratumor
area, lack of necrosis or fibrous septa and reptagee immune infiltrates after overall slide
evaluation on HES. The selected areas were extrésteising a 1-mm tissue core and cores
were mounted in triplicate using a semi-motorizegute arrayer (MTA booster Ol v2.00,
Alphelys). The representativeness of this method eealuating immune infiltrates was

previously assessed)(

Immunohistochemistry

Immunohistochemistry for CD8, E-cadherin and vimerdgtaining was performed on a
BenchMark XT Platform as instructed. Staining wasfgrmed manually for Zebl, N-
cadherin and CD33 as previously descripar). Antibodies and dilutions are summarized in

Table S1

Interpretation of immunohistochemical staining

E-cadherin, N-cadherin and vimentin expression eaasidered positive or negative. Because
of significant variations in proportion of expresgicells and intensity of the staining, Zebl
expression was evaluated with a semiquantitatieees®, lack of expression; 1, low staining

of tumor cells or high staining of less than 50%ta tumor cells; 2, high staining of more

than 50% of tumor cells.

CDS8 infiltration was scored according to Paulsorelef35), considering only cells located

inside the tumor. For CD33 infiltrate assessmegits avere counted in 5 high-power fields of

the “intratumor area” defined as the tumor aredeétv fibrous septa and no necrosis. Only

(O Travail intitulé “Merkel Cell Carcinoma tumors inf iltrated by CD33+ myeloid cells and CD8+ T cells are
associated with improved outcome”. Le manuscrit estn cours de finalisation, et sera bientét soumis da le Journal
of the American Academy of Dermatology
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immune cells with obvious nuclei and adequate maigay in contact with tumor cells and
not within vessels were considered in the anal{@g®$. Cases with less than 5 representative
high-power foci were excluded as not interpretable.

CD33"YCD8" infiltrates were defined by the association ofkriensity of CD33 (> 87
cells/mnf) together with the presence of CD8 T-cell infiles (scores 1-5) as previously

described () unpublished data).

Statistical Analysis

Continuous data are described with medians (rangeg) categorical data with number
(percentage the population with available data)nt@oous data were compared by Non-
parametric Mann Whitney test and categorical dgténm-tailed Fisher exact test. P<0.05

was considered statistically significant.

(O Travail intitulé “Merkel Cell Carcinoma tumors inf iltrated by CD33+ myeloid cells and CD8+ T cells are
associated with improved outcome”. Le manuscrit estn cours de finalisation, et sera bientét soumis da le Journal
of the American Academy of Dermatology
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Results:

Patient characteristics

Among the whole MCC cohort (n=242), FFPE tumor daspvere available for 103
patients and were considered for inclusion in gtigdy. The location of the tumors was
unknown for 10 cases, which were excluded fromherranalysis. The 93 remaining cases
consisted of 60 cutaneous primary MCC, 18 LNM fromtaneous MCC and 15 MCCWP

(flow chart/figure 1). Clinical features of the 3 groups areTiable 1

EMT markers in MCC

Overall, loss of E-cadherin expression and abnoexpfession of N-cadherin were observed
in 82 tumors (91% of interpretable cases) and #hots (88% of interpretable cases),
respectively. Vimentin expression was identifiedomy 5 cases (6%). Zebl expression was
observed in 61 cases (74%), with diffuse high stgiifscore 2) in 40 cases (49%)).

In cases with identified cutaneous primary MCC, titamscription factor Zebl was the only
marker with statistically significant differentiakpression between primary cutaneous MCC
and LNM (p= 0.047) Table 2). Furthermore, 11/15 LNM from cutaneous MCC (7354}
only 19/52 of primary MCC cases (n=36%) showed hagid diffuse expression of Zebl
(score 2) (p=0.017). Therefore, we considered séfand intense Zeb1l staining (score 2) as a
potential marker of the metastatic nature in MCC.

In this setting, we focused on MCC cases with s@ffer Zebl expression. Considering
AJCC stage and regardless of the location of theaerasample (primary tumor or metastasis),
the Zeb1l score was 2 for 38%, 56%, 58% and 100%asés with AJCC stage |, II, Il and
IV, respectively. In addition, N-cadherin expresswas more frequent in tumors with score 2

for Zebl expression (p=0.007).
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In MCCWP group, 66% of cases (n=10/15) had a sobdr@ for Zebl expressionlhis
expression profile was similar to that for MCC withNM cases but differed from that for

primary cutaneous MCC cases (p=0.01kle 3).

Immune infiltrate evaluation in MCC

Lack of tumor-infiltrating CD8 lymphocytes was obgad in 34 MCC cases (score 0, 40%).
In the other cases (n= 53), most of them showedd®& infiltrate (score 1, n=45) and brisk
infiltration (scores 2-5) was found in only 8 ca$6%o, all were primary cutaneous MCC).
CD33™YCD8" immune infiltrates were identified in 32 cases %)2 CD8 density and
frequency of CD3%*YCD8" infiltrates were higher in MCCWP (73% and 69% exgjvely)
than MCC with identified cutaneous primary (p=0&3 0.0012) Table 4). For the latter
group, the density of CD8-infiltrated tumors wagher for primary cutaneous MCC than
LNM from cutaneous MCC (66% vs 31%, p=0.04) as \@&33/CD8"" infiltrate status

(48% vs 6%, p=0.005). Representative illustratiohsnmunostaining are ikigure 2.
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Discussion

In this study, we investigated EMT markers and tmenune response in MCCWP as
compared with a reference group of MCC with ideadifskin primary. To our knowledge,
EMT markers expression has never been studied i€ NE&@b1 analysis revealed a common
expression profile shared by MCCWP and LNM fromaogious MCC, with more frequent
and higher expression of Zebl as compared withneotas primary tumors. Moreover, we
found a higher frequency of both intratumoral CDgnphocytes and CD3%YCD8'
infiltrate with MCCWP than both primary MCC and LNfvbm cutaneous MCC.

To date, the inclusion of MCCWP in the MCC spectrisnmainly based on phenotype
similarities. Indeed, MCCWP and cutaneous MCC odauthe same population of older
people with immunosuppression, share the same mlaghkal and immunochemical
features, and are frequently associated with MCB32/55,56). Moreover, MCCWP almost
always occurs in superficial lymph nodes, whichrasponsible for lymphatic drainage of the
skin, which suggests a potential metastatic prodég@ever, in comparison with LNM from
cutaneous MCC cases, MCCWP show better outcomeshwled to consider it as a less
aggressive neoplasia and to its recent reclassificas AJCC stage llla (71). The potential
metastatic nature of MCCWP as well as the detemtsnaf its reduced aggressiveness have
never been investigated.

Metastasis results from complex biological processeich as invasion of the tumor
microenvironment, vascular invasion, intravascubggration, preparation and invasion of the
pre-metastatic niche and development of a metadtatior and many of them require EMT.
The EMT process is defined as the ability of thecioc@ma to lose its epithelial phenotype,
notably intercellular junctions, and to acquire ereshymal features required for invasion.
The N-cadherin/E-cadherin couple has been usedfliect this balance of loss of epithelial

features and appearance of a mesenchymal phen@®eIn our study, MCC showed
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frequent expression of N-cadherin without E-cadhesipression, which consecrates MCC as
an aggressive, undifferentiated neoplasm. Moleaukechanisms leading to EMT have been
widely investigated and seem to be common in mastimomas (67), notably colon, lung,
breast and pancreatic cancer. EMT depends on aréwscription factors — Zebl, Zeb2,
Snail, Slug and Twist. Few data are available an EMT in neuroendocrine carcinomas:
small-cell lung carcinomas (72,73) show frequentTEfMatures, mainly related to inhibition
of the Notch pathway and expression of transcniptiactors, notably Zebl. Moreover,
esophageal cancer show immunochemical expressigaldf with a specific nuclear location
(74).

Our study revealed frequent Zebl expression in M@@ors, especially with LNM. This
result identifies Zebl as a new unexplored deteantiof aggressiveness in MCC. In addition
to its key role in EMT, Zebl has been associatdd wther aggressiveness mechanisms such
as “cancer stem-cell” ability and chemotherapy stasice (67). Zebl has notably been
involved in the acquisition of resistance to cisiplalrugs (75), the current therapy used in
MCC. In our study, no other epithelial or mesenchymarkers showed discriminative
abilities between primary tumor and metastatic ttanwhich led to the hypothesis that Zeb1
can act in a EMT-independent manner in MCC. Howéwgher investigations are needed to
determine the EMT-dependant or -independent implaZebl in MCC biology.

A high number of MCCWP expressed Zebl. This profiks very similar to that for LNM
from cutaneous MCC and differed from that for pnyn®dCC. This finding suggests that
MCCWP more probably represent metastases from @sgige cutaneous tumor than LN
primary tumors.

Fewer than 40 cases of total regression of cutan@ommary MCC have been reported,
always after biopsy (66). Several factors couldl@&xpthe discrepancy between the low

incidence of spontaneous regression of MCC andié@mde of MCCWP, which represents up
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to 15% of all MCC cases (49-51). In our opiniorg thcidence of spontaneous regression
may be underestimated, because during the pasar3,y&6 MCC tumors were surgically
removed in our center and 3 of them experimenttal tegression after biopsy. In addition,
spontaneous regression might also occur in thealkansubclinical, undetectable tumor stage.
Biological determinants of the MCC regression wengestigated by Inoue et al (38), who
showed high lymphocytic CD8 infiltrates on prioropsies of MCC before spontaneous
regression. Immunity is obviously involved in MC@wtlopment. Indeed, specific CD8 cells
targeted against viral and cellular antigens haenlletected in the MCC microenvironment,
and intratumoral CD8 density is also associated wietter outcome in non-spontaneous
MCC (36). However, in a large portion of MCC, CDB8pplations are excluded from the
intratumor area and are confined to the fibroustasegurrounding the tumor (35,41).
Moreover, CD8 populations show expression of anergykers, probably because of the
expression of immune checkpoints. We observed &equnfiltration of CD8 cells in
MCCWP, probably related to an effective lymphocsgeponse, which could be responsible
for the spontaneous regression of an undetecteth@otis primary tumor and for the better
outcome of MCCWP as compared with other AJCC stdgemors (50). In addition, we
identified a frequent CD3%CD8" infiltrate in MCCWP which have also been assodate
with better outcome [§ unpublished data). In a previous study, compapimgary cutaneous
tumors with MCC lymph node locations (both MCCWRIaviCC with LNM), we did not
find any difference concerning the immune infileratensity. In this present work, separating
MCCWP from LNM from cutaneous MCC, we revealed i@ty of both entities. Indeed,
MCCWP appeared as a high immune-infiltrating cafhor, in contrast to MCC with LNM,
which lacked relevant immune infiltrates. Our stughows some limitations essentially the

low number of MCCWP and LNM from cutaneous, duéh®low incidence of the disease.

(O Travail intitulé “Merkel Cell Carcinoma tumors inf iltrated by CD33+ myeloid cells and CD8+ T cells are
associated with improved outcome”. Le manuscrit estn cours de finalisation, et sera bientét soumis da le Journal
of the American Academy of Dermatology
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In this context, further studies of the immune m@&ivironment are needed to explore the

differences between MCCWP and LNM from cutaneoustMC

To conclude, our study favors the view of MCCWRaasetastasic process associated with a
specific high and efficient immune response rathan a primitive LN tumor. Zeb1 appears
as a potential marker of the metastatic procedd@C. Further investigations are needed to

define the specific molecular pathway triggeredtby factor in MCC.
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Abbreviation and acronyme list:

AJCC: American Joint Committee on Cancer
CD: Cluster of differentiation

DNA: Desoxyribonucleic acid

EMT: Epithelial-mesenchymal transition
HES: Hematein-eosin safran

LNM: Lymph node metastasis

MCC: Merkel cell carcinoma

MCCWP: Merkel cell carcinoma of lymph nodes withalin primary tumor
MCPyV: Merkel cell polyomavirus

PCR: Polymerase chain reaction

TMA: Tissue micro array

Zebl: Zinc Finger E-Box Binding Homeobox 1
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Figures and tables:

242 MCC cases included in the cohort

139 cases without FFPE
samples

103 MCC cases with available FFPE samples

10 cases with unknown
location

93 MCC cases included in the study

v v v

78 MCC with identified skin primary 15 MCCWP
60 cutaneous 18 LNM from
primary MCC cutaneous MCC

v y

Study of both EMT markers and intratumoral immune infiltrate
(60 cutancous primary MCC, 18 LNM from cutaneous MCC, 15 MCCWP)

Figure 1. Flow chart
MCC: Merkel cell carcinoma, MCCWP: Merkel cell cam@ma of lymph node without
primary tumor, EMT: Epithelial-mesenchymal trariti
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Figure 2: Representative immunochemical stainings of Zehb,@, CD8 (d,e,f) and CD33
(g,h,i) in the primary cutaneous tumor (a,d,g), astsis of cutaneous MCC (b,e,h) and
MCCWP (c,f,i)
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Table 1: Clinical characteristics of the 3 groups: primantaneous Merkel cell carcinoma
(MCC), lymph-node metastasis (LNM) from cutaneou€®land MCC of the lymph node
without cutaneous primary tumor (MCCWP)

Clinical data Primary MCC LNM from MCCWP
(n=60) cutaneous MCC (n=18) (n=15)
Age:
median, range 82 (49-100) 74 (54-90) 70 (59-84)
Missing data 4 0
Sex:
FIM 37/19 10/8 6/9
Missing data 4 0 0
Stage:
I 16 0 0
Il 18 0 0
1l 9 16 14
\Y; 0 2 1
Missing data 17 0 0
Immunosuppression:
Yes 7 1 0
No 34 15 15
Missing data 19 2 0

Table 2: Immunohistochemical expression of epithelial-mekgmal transition (EMT)
markers in primary cutaneous MCC and LNM from cetars MCC.

EMT markers Primary MCC LNM from p
(n=60) cutaneous MCC (n=18)
E-cadherin: 0.3
Yes 6 0
No 52 18
Missing data 2 0
N-cadherin: 0.67
Yes 47 14
No 8 1
Missing data 5 3
Zebl: 0.047
Score 0 17 2
Score 1 16 2
Score 2 19 11
Missing data 8 3
Vimentin: 0.56
Yes 4 0
No 47 14
Missing data 9 4

Zebl score: 0, lack of expression; 1, low stairehgumor cells or high staining of less than

50% of the tumor cells; 2, high staining of morarttb0% of tumor cells.
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Table 3: Immunohistochemical expression of Zebl in primeuyaneous MCC, LNM from
cutaneous MCC and MCCWP.

Zebl Primary MCC LNM from MCCWP p
(n=60) cutaneous MCC (n=15)
(n=18)
Score 0-1 33 4 5 0.0014
Score 2 19 11 10
Missing data 8 3 0

Score 0, lack of expression; 1, low staining of durcells or high staining of less than 50% of

the tumor cells; 2, high staining of more than 58Rtumor cells.

Table 4: Immune infiltrates in primary cutaneous MCC, LNMrh cutaneous MCC and

MCCWP
Primary MCC LNM from MCCWP p
(n=60) cutaneous MCC (n=15)
(n=18)

CD8 score: 0.03

Absent 19 11 4

Present 37 5 11

Missing data 4 2 0
CD33™*/CD8" infiltrate: 0.0012

No 24 14 4

Yes 22 1 9

Missing data 14 3 2
Table S1:Antibodies used and dilutions
Target Clone/provider dilution
E-cadherin NCH-38 / Dako 1/100
N-cadherin 13A9 /Novus Biological 1/100
Vimentin V9/Dako 1/1000
Zebl PAB19268/Abnova 1/500
CD8 C8/144B/Dako 1/50
CD33 SP266/Ventana ready to use solution
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VII. Discussion

Les CCM ganglionnaires sans primitif cutané coresient a une population homogéne de
tumeurs survenant chez des sujets agés. Ces tusewaractérisent par un envahissement
ganglionnaire, le plus souvent localisé, de lacégnguinale ou parotidienne et partagent les
mémes caractéristiques morphologiques, immunolistaques et virologiques que les CCM
cutanés. Elles se distinguent des métastases ebacércinomes neuroendocrines par les 7
criteres ELECTHIV Elderly age,Location of the tumorExtent of the diseas& ytokeratin
and TTF-1 expressionHistologic types and/irus detection) qui peuvent étre utilisés en
pratigue courante. Ces tumeurs ganglionnaires gaimsitif cutané expriment certains
marqueurs de transition épithélio-mésenchymatewsanmment Zebl, ce qui incite a les
considérer comme issus d'un processus métastatduidt que comme des lésions
ganglionnaires primitives. De plus, la présencenddense infiltrat inflammatoire, contenant
des lymphocytes intratumoraux cytotoxiques de type8 ainsi que des macrophages
exprimant CD33, constitue probablement le témoimd’'réponse immunitaire antitumorale
efficace. Cette derniére pourrait expliquer I'alisede primitif cutané décelable (régression

compléte ou maintien & un stade infra clinique).

La premiére partie du travail avait pour but d'détadbes critéres diagnostiques de CCM sans
primitif cutané utilisables en routine. Ce travailété initié, a la suite de la relecture de
plusieurs cas de CCM ganglionnaires sans primitifrgesquels le diagnostic n'avait pas été
posé, favorisant ainsi la mise en place de prisesharge non optimales des patients.
Plusieurs éléments participent a ces erreurs dedigiues. Premierement, la non connaissance
des renseignements cliniqgues (notamment la nonatssance des antécédents du malade) et
des données de l'imagerie (bilan d’extension) cdndi pathologiste a se limiter au

diagnostic de localisation ganglionnaire de camieaameuroendocrine entrainant par la suite
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une prise en charge par des oncologues qui n'évoqu@as le diagnostic de CCM. Le
second élément de réponse est I'absence de vahddgs outils immunohistochimiques
utilisés pour le CCM dans cette localisation. Eietefdans une partie des cas, la cytokératine
20 n’est pas réalisée et I'absence de marquagdepa&fF-1 n’est pas utilisée comme un
argument en faveur du CCM. Enfin, devant une lsadilbn ganglionnaire souvent inguinale
d’'un carcinome neuroendocrine, chez un malade sangcédent de carcinome
neuroendocrine et avec un bilan d'extension neougant pas de primitif (examen
dermatologique et imagerie), le diagnostic partmasidéré, par analogie au carcinome non
neuroendocrine (notion de CAPI (76)), est celucaesinomes neuroendocrines métastatiques
de primitif inconnu. Sur l'ensemble de la cohorteudée, aucun cas de carcinome
neuroendocrine métastatique de primitif inconnuét&aidentifié. En effet, I'ensemble des cas
de carcinomes neuroendocrines non CCM présentiitige localisation profonde, soit un
antécédent de primitif profond. Cette constatatiaite & penser que devant la localisation
ganglionnaire superficielle d'un carcinome neurammohe de haut grade, I'hypothése d’'un

CCM est beaucoup plus probable que celle d’'unicance viscéral métastatique.

Notre étude présente certaines limitations. Ent,efés CCM ont été inclus a partir d'une
cohorte multicentrique développée sur I'ensemblegdand Ouest alors que les cas de
carcinomes neuroendocrines non CCM proviennent dassin de population plus restreint
(CHRU de Tours). Toutefois une étude monocentrigiilisant uniquement les cas du CHRU
de Tours aurait réduit notre effectif de moitié.sbLetsultats de cette étude devraient étre
validés sur une seconde cohorte indépendante gipédosur un autre bassin de population.
Plusieurs pistes sont actuellement a I'étude. Wameathde a été déposée au prés du groupe de
relecture TENPATH dont I'une des indications decélre est « tumeurs neuroendocrines de

site rare ou inhabituel ou de primitif inconnu »ndJcollaboration avec un autre site
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indépendant, n’incluant pas ses cas de carcinoneeso@ndocrines dans la cohorte,
permettrait également une validation des critetesE HiV.

De nouveaux marqueurs de CCM ont été récemmenitsdékinsi, I'expression de SATB2
(Special AT-rich sequence-binding protein 2) (78té& montrée comme spécifique du CCM
en comparaison avec 37 tumeurs cutanées, 10 tumeursendocrines bien différenciées et
de 4 carcinomes a petites cellules du poumon. Mousrions tester les performances de ce
marqueur sur notre cohorte de CCM (ganglionnaiegs rimitif et tumeurs cutanées) en
comparaison avec une large cohorte de carcinoma®eraocrines de sites divers. Cette
seconde cohorte est a ce jour en cours de coimtitute développement de nouveaux
marqueurs présente un intérét notamment dans ksgeadiagnostics difficiles avec un

phénotype incomplet.

La seconde partie de notre travail s’est intéresdééa physiopathologie des CCM
ganglionnaires sans primitif et semble indiquer gete Iésion est un processus métastatique
associé a une réeponse immune efficace pouvantoeseplia régression du primitif cutané.
Dans I'hypothése ou la régression spontanée sasaibciée a un taux d'apoptose élevé
(38,78), l'utilisation de la méthode TUNEL (Termindeoxynucleotidyl transferase dUTP
nick end labelling) avait initialement été envisag#ans le but de mettre en évidence des
points de cassures de I’ADN (79) et finalement deligner les cellules en apoptose. A ce
jour, des difficultés ont été rencontrées au calgsla mise au point de cette technique
notamment liées aux différences de fixations elasedifférents échantillons et les premiers

essais ne nous ont pas permis d’obtenir des résshtisfaisants.

Une seconde hypothése serait que les CCM gangli@snaans primitif cutané dérivent

d’'implants épithéliaux bénins qui auraient subi dransformation secondairement dans le
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ganglion. L’étude de ganglions inguinaux sains ardeherche d’implants épithéliaux a

également été envisagée. Les implants épithéliauxsen du tissu ganglionnaire sont
observés au niveau de l'appareil digestif et dansé@jion cervicale (implants thyroidien)

Dans les aires de drainage cutanées, on obsenfeispales naevi sous capsulaires
ganglionnaires (80) alors que les observations mlamts kératinocytaires sont tout a fait
exceptionnelles (81). Une étude immunohistochimiguec un anticorps antipancytokératine
aurait pu étre réalisée sur des coupes sériéeqrtglians d'aires de drainage cutanées de
sujets indemnes de carcinomes. Cependant certegliedes de soutien ganglionnaires, les
cellules réticulaires, expriment les cytokérating82). De plus ces études

immunohistochimiques sur coupes sériées sont ééali®en routine dans le cadre de la
technique de ganglion sentinelle pour les cancerseih et les épidermoides vulvaires sans

gu’il n’ait jamais été décelé d’'implants épithékaénins.

Notre étude a mis en évidence pour la premierelfmgplication du facteur de transcription
Zebl dans la biologie des CCM. Comme discuté dansetond projet, Zebl est un des
régulateurs majeurs de la transition épithélio-mésgmateuse, impligué dans différents
mécanismes d'agressivité tumorale (résistance a cl@miothérapie, processus de
dé/transdifférenciation) (67). Ces mécanismes gégtiemment observés dans les CCM.
Dans les carcinomes a petites cellules du poumoB), (Ta transition épithélio-
mésenchymateuse ainsi que la dédifférenciationu{sitipn d’'un phénotype « stem cell
like ») sont étroitement liées a I'inhibition devaie Notch. Cette voie est également inhibée
au cours de la différenciation en cellules de Megkelans les CCM (83) et constitue I'un des
objets de nos futurs travaux qui porteront surdastjon de I'histogénése des CCM. En effet,

bien que l'origine kératinocytaire des CCM soit lpble, elle n’a pas encore été prouvée
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chez 'homme. De plus les relations entre les oraémes virales et le phénotype des CCM
doivent étre clarifiées. En effet deux hypothesasvpnt étre formulées :

1) Le MCPyV s’intégre préférentiellement dans uakbute ayant déja acquis le phénotype de
CCM.

2) L'intégration du MCPyV dans une cellule kératigtaire provoque l'acquisition d'un
phénotype CCM.

Afin d’évaluer cette seconde hypothése, nos travdoiwent évaluer les potentielles
interactions entre les protéines virales et legefas aboutissant a I'acquisition d’'un
phénotype « CCM like » (ATOH1 et inhibition de lai®@ Notch). Ceci sera réalisé en utilisant
une double approche : étude d’interactomique edeéphénotypique aprés transfection de
genes d'intérét dans des cultures primaires ddikéytes. Dans ce contexte, aprés avoir mis
en place les outils nécessaires, I'étude de l'impgacZebl sur le phénotype ainsi que celle de
ces interactions avec la voie Notch et les oncépres virales semblent constituer une piste
prometteuse.

L'ensemble des travaux visant a répondre a la mureste I'histogénése des CCM seront
réalisés dans le cadre d’'une thése de sciencestetelte franco-allemande. Ce projet a été
élaboré au cours de I'année précédente, entre agtiipe et I'équipe de recherche du service
de Dermatologie de I'h6pital universitaire de Wi (Allemagne) dirigée par les
Drs R. Houben et D. Schrama. Dans ce cadre, j&@ménent obtenu un financement de deux
ans par la fondation ARC (bourse doctorale - amtkviduelle 2017) me permettant de me
consacrer pour les deux prochaines années a mea fiieésiversité et de travailler
successivement au sein de I'équipe du Dr Houbewefnbre 2017-novembre 2018) puis de

mon équipe d’origine (novembre 2018-novembre 2019).
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Pour conclure, notre premier travail avait pour Hidtablir des critéres diagnostiques de
CCM ganglionnaires utilisables en pratique courabvant une localisation ganglionnaire
isolée, les 7 criteres ELECTHIV permettent de datier les CCM des autres carcinomes
neuroendocrines. Ces criteres doivent maintenamt &hlidés sur une seconde cohorte
indépendante. Au plan physiopathologique, nos ta@sulsemblent indiquer que le CCM
ganglionnaires sans primitif correspond a un preugsnétastatigue associé a une réponse
immunitaire efficace. Cette seconde étude met égale en évidence I'expression fréguente
du facteur de transcription Zebl1 dont I'impact Ruphénotype tumoral doit maintenant étre

étudié.
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Résumé :Le carcinome a cellules de Merkel (CCM) est un eacatané rare. Dans 5 a

15 % des cas, le CCM apparait sous la forme d'umetir ganglionnaire isolée sans primitif
cutané retrouvé. L’absence de critéres de démiialidés de cette entité conduit parfois au
diagnostic de carcinome neuroendocrine de prirmgbnnu, entrainant ainsi une prise en
charge inadaptée. De plus la physiopathologie die désion, notamment sa nature
métastatique ou primitivement ganglionnaire regpecgiser.

Dans un premier travail, les cas de CCM gangliamsasans primitif ainsi que ceux de
métastases ganglionnaires de CCM cutanés ont eénéfids au sein d’une cohorte de CCM.
Les données cliniques, morphologiques, immunoHhisteicues et virologiques de ces deux
populations ont été comparées avec celles de rastasganglionnaires superficielles d’autres
carcinomes neuroendocrines. Ce travail a permidedtifier 7 critéres permettant de
distinguer 'ensemble des CCM des autres carcinaragsoendocrines.

Au cours d’'un second travail, la physiopathologieGCM ganglionnaire sans primitif cutané
a eté explorée. L'expression du facteur de trapsan Zebl, impliqué dans la transition
épithélio-mésenchymateuse, a d’abord été validéennm marqueur du processus
métastatique. Zebl était plus frequemment obseaamé ks CCM ganglionnaires sans primitif
et les métastases que dans les tumeurs cutanégesves. De plus des densités plus élevées
en lymphocytes CD8+ et cellules myéloides CD33+#eBtaobservées au sein des CCM
ganglionnaires sans primitif. Ces résultats sugdeme les CCM ganglionnaires sans
primitif représentent un processus meétastatiquecéss une réponse immunitaire efficace,
pouvant expliquer la régression du primitif cutané.
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