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particulierement pour votre gentillesse & mon égard, votre bienveillance.

Professeur Guillot, merci pour votre apprentissage de 1’onco-dermatologie. Vous suivre en
consultation aura été une chance.

Céline Girard, je ne compte plus les avis compliqués vus ensemble. Toujours passionnée, tu sais
allier la chirurgie, I’inflammatoire, I’oncologie. J’ai hate de pouvoir continuer a apprendre de tes
expériences, notamment en EPU. Merci pour la transmission de ton savoir.

Candice Lesage, la bont¢ méme aupres de tes patients, tu est le médecin tel qu’on 1’imagine, douce,
fiable. Merci particuliérement pour ton soutien, pour toutes les discussions que nous avons pu avoir.
Merci également a ton mari qui a su m’écouter, me rassurer.

Aurélie Du Than, merci pour ta gentillesse, et ta vision un peu différente de la dermatologie, du
coté allergologique. J’ai beaucoup apprécié de te suivre en consultations.

Mes co-internes, je garde en téte ces années parfois difficiles comme de merveilleuses années. J’ai
eu de la chance de vous rencontrer et de travailler a vos cotés. Séverin (et les kinders pingui),
Emilie (toujours au top, ta fiabilité t’honores), Mélissa (et tes bonnes blagues), Hugo (la force
tranquille), Léopaul (le psychologue de la bande), Quentin (et tes mimiques d’enfer), Laura (nos
déjeuners en téte a téte) , Fawaz (et tout I’argent que j’ai perdu au loto), Yohan et Marine (la team
nigoise)

Les infirmiéres et aides soignantes, Ah toutes ces bonnes blagues que 1’on a pu se faire | Merci
pour tout, ¢’est vous qui tenez et définissez ce service.

Les secrétaires, merci pour votre bonne humeur, votre efficacité. J’ai réellement pris plaisir a

travailler avec vous.

A L’EQUIPE DE DERMATOLOGIE DE NIMES
Michel Dandurand et Myriam Marque, merci pour vos consultations, compliquées mais toujours

intéressantes pour Michel, toujours trés constructives pour Myriam.
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Francgois Habib, merci pour ce mémoire ! Toujours en rigolant, c’était trés sympa de réaliser ces
vidéos et d’apprendre la chirurgie micrographique !
Bernadette Ovtchinickoff, merci pour (tous) les lambeaux bilobés du nez !! Surtout merci de
m’avoir laissé de I’autonomie en chirurgie, de faire ce dont je me sentais capable. Je n’oublierai
jamais ton soutien apres mes soucis de garde, tu m’as ramassée a la petite cuillere. Merci pour ta
gentillesse et pour tout ce que tu apportes aux internes.
Justine, ma “vieille” co-interne. Qu’il était bien ce premier semestre !!

Les secrétaires, les pierres angulaires de ce service.

AUX DERMATOLOGUES LIBERAUX

Eric Picot, merci de m’avoir accueillie dans votre cabinet avec tant de simplicité. J’ai vraiment
découvert la dermato libérale a vos cotés. Vous m’avez “dé-stressée”, appris a passer du coté des
libéraux. Merci pour votre gentillesse et votre compréhension au sujet de ma grossesse compliquée.
Grace a vous “je me lache” en vénéro !

Stéphanie , c’est avec toi que j’ai commencé les remplacements. Merci de m’avoir tout de suite
mise a I’aise, fait confiance, malgré toutes mes boulettes sur doctolib et la compta... Je te suis si
reconnaissante d’avoir été si compréhensive pendant ma grossesse. A nous la dermato esthétique !
Séverine, j’adore ta bonne humeur ! Merci de nous laisser carte blanche, mais d’étre présente si
besoin. C’est un plaisir de travailler avec toi.

Mélissa, quel bonheur de travailler avec toi ! Vive les petits thés et les chocolats de Noél. Un bon
patient est un patient qui rameéne des chocolats. En dermato il y a peu de bon patients, c’est mieux
chez les kinés !

Yannick Saussaye, merci de m’avoir si simplement intégré a votre cabinet. Je ne saurais assez vous
remercier pour la fagon dont vous me transmettez vos connaissances. Je vois plein de belles choses

pour 1’avenir.

A MA FAMILLE

Maman, des statistiques de réussite en pl a la relecture de ma these, tu m’auras aidé dans tout.
Merci d’étre celle que tu es, de nous soutenir colite que colite. Nous sommes si proches. J’espére un
jour pouvoir étre a la hauteur pour mes enfant comme tu 1’auras été. Tu es un mod¢le, brillante et
humble.

Papa, je n'oublierai jamais que tu t’es levé avant 10h30 (I’heure du bain) pour prendre le petit

déjeuner et m’accompagner a mes concours de pl. J’en garde un trés bon souvenir en fait !
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Théo, ta phrase fétiche, “les études de médecine, c’est un sacrifice pour toute la famille” ! J’aime le
fait qu’on soit si différents, toutes les bétises que tu as pu faire (notamment tondre et peindre
youkie, tes 31 bien nettoyés en oubliant le sot de capsules de bouteilles, les mégots dans le
garage..). Avec toi, on ne s’ennuie jamais, et ¢a fait du bien !
Jacques, le médecin de famille, le médecin de la famille. Tu m’auras toujours soutenue, suivie. Le
stage de 3éme aura été mon premier pas dans la médecine. J’espére un jour étre a ta hauteur.
Marec et Sophie, les premieres blagues au bloc, c’est toi Marc ! J’étais si impressionnée... Merci
d’avoir bien rigolé lors de mon premier malaise, d’avoir rendu les choses si simples. Vous m’avez
appris qu’étre un médecin, ¢’est avant tout étre un Humain, avec ses doutes. Merci pour votre
soutien dans les périodes difficiles, les longues discussions sur I’avenir.
Marie-Jo, tu es la tante que I’on réve d’avoir. Toujours d’accord pour nous accueillir a droite a
gauche, on en aura passé des bons moments ensemble ! C’est Théo qui triche aux jeux, pas moi !
Mémé, j’aime pouvoir parler de tout avec toi, me confier. Tu es attentionnée pour chacun d’entre
nous. Ton expérience vaut de I’or.
Alice, la cousine par excellence !
Nicole, Julien, Xuxia, Sophie, Matthieu, Alice, Jade, Louise, Juliette, Arthur, Sacha, merci de

composer si bien notre famille. Vive les dimanche en visio (et les blagues de Sacha !).

J’ai bien slr une grosse pensée pour Pépé en écrivant ces mots, notre modele a tous, notre fil

conducteur.

A MA BELLE-FAMILLE

Dominique, merci de m’avoir si simplement acceptée dans la famille. Deux fois grand-meére en
2020, la suite d’un bonheur assuré ! Merci d’avoir fait de Yann ’homme qu’il est devenu.

Marion et James, merci d’avoir corrigé ma thése en anglais, c’était pas gagné ! Marion, je suis
tellement heureuse d’étre (presque) ta belle-soeur. .. Etre si bien intégrée dans votre famille est une
chance. J’ai hate de rencontrer Ada et de faire découvrir a Léon le Musée d’Histoire Naturelle !

Nathan, petit mais si grand !

A MES AMIS

Violette, merci d’étre une amie si chére, méme loin tu es si proche. J’aime par-dessus tout ton
authenticité, ton naturel. On ne compte plus les vacances passées ensemble, les fous rires. Au ski, en
bateau, en bretagne, a 1’autre bout du monde, c’est toujours un plaisir... Tu es droite, déterminée, et

j€ pense que je n’aurais jamais réussi la D4 sans toi. Merci d’étre au quotidien a nos cotés.
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Sarah Sannicolo, j’ai ’impression que plus le temps passe et plus nous évoluons ensemble.
Toujours préte a me suivre dans mes faux plans sans raler (ou presque), a nous régaler en
randonnées, a trouver un moyen pour se retrouver. Ton amour sans faille pour ta famille te définit,
ta générosité t'honore.
Claire, entre ¢ca peg’ comme jamais et les mardis de la philo il n’y avait qu’un pas ! J’ai tellement ri
et ri tellement a tes cotés ! Tu as une vraie joie de vivre trés communicative. Entre deux week-ends
a pouts, des tisanes a 4’ du mat ou des petites randonnées, nous avons vite oubli€ les longues
journées d’hiver a nous serrer les coudes, ce qui nous aura rapproché a jamais. J’ai hate de lire ta
these.
Oriane, avec tes expressions a deux balles et tous les trucs que tu mets dans ta petite culotte !
D’une coloc tu es devenue une amie, une confidente. Ta détermination pour le jardinage d’intérieur
paie ! Toujours préte a bruncher, nos week-ends dans le sud ne seraient pas les mémes sans toi.
Thibaut, une amitié aussi forte que la colle que tu mets sous ton postiche.
Sarah Mazeau, LA co-interne et tellement plus. Tu peux étre fiere de ce que tu es. Passer du temps
a tes cotés est toujours un plaisir. On aura partagé tellement de galéres ensemble.
Chloé, je suis tellement contente que nous nous soyons trouvées, quel dommage que nous ayons
mis tout ce temps ! Je n'oublierai jamais cette grossesse a tes cotés, nous avons eu de la chance de
pouvoir partager ce moment précieux. J’aime te voir épanouie avec Lucie, et méme si je sais que la
distance avec ta famille te pése, j’espere que nous pourrons encore passer de nombreux gotters
ensemble.
Alex, la force tranquille. Peintre sur mesure, bricoleur de RCP, surfeur a tes heures perdues, tu nous
auras appris a relativiser, a sortir du nid pour voler de nos propres ailes.
Blanche, jamais co-internes et pourtant ! Ta douceur me fascine. Passer du temps avec toi est
toujours un réel plaisir, et j’espere moi aussi que nos bébés auront 1’occasion de devenir aussi amis
que nous.
Julie, la pin-up de la bande, toujours sur ton 31 méme en rando a Rosas ! Méme si tu n’es pas du
matin, I'aprés-midi on rigole bien !
Pauline, des débilités sur les bancs de p1 aux aprés-midi gateaux, on aura traversé ces années aux
mille couleurs sous tous les angles. Tu me connais sous toutes les coutures. A une amitié¢ durable !
Agathe, la reine pour organiser des soirées déguisées ! Des crayons de couleurs a gogo aux zombis

de I’espace on aura bien rigolé...
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Xavier, Lord Xavos. Avec un nez pareil tu ne pouvais qu’avoir un nom de cartoon. Blanche et le
homard royal, je t’aimais déja a la minute ou j’ai su que tu étais dans le ventre de ta maman. Tu
seras a jamais la plus grande, la premiére, qui nous a tant émerveillé et que nous aimons tant.
Come et Laurine, quelle joie de vous avoir réveillé dans la bonne humeur a I’aube des matins de
D4 ! Je ne me remet pas d’avoir utilisé vos cotons tiges roulés sous les aisselles (ou pire...). J’ai
hate d’ouvrir la boite du mariage dans 10 ans...
Marc-Henry, le temps passe mais rien ne change. J’ai en mémoire toutes nos bétises de P2, mais
c’est surtout I’avenir que j’ai en téte. Je suis trés heureuse pour vous et je sais que les tentatives
infructueuses de week-ends avortés s'effaceront a la minute ot nous nous retrouverons.
Marion, on en aura traversé des crises, et ¢’est avec joie que je te vois t’épanouir dans ta famille et
ton travail. J’espere vous voir plus souvent et je sais que Léon et Sophie ont de beaux jours
ensemble devant eux !
Julia, la baleine blanche devant 200 personnes, je ne suis pas préte de I’oublier !
Clémence, de la p2 a la Bretagne, nous évoluons chacune de notre co6té mais c’est toujours un
plaisir de passer du temps avec toi.
Cyprien, ta passion pour Archimeéde me dépasse ! Je pense que son obésité a un lien direct avec le
nombre de cadeaux alimentaires que tu as pu lui faire. Quant a ta passion pour la raclette...
Baptiste, merci pour les descriptions détaillées de la fabrication du porto, du choix de tel ou tel
matériel de ski, des chemins les plus beaux du coin. Heureusement qu’on t’avait au SSR au Mas de
Mourgues ! Je dois t’avouer : c’est yann qui a cass€ un de tes couteaux.
Florent, le bout en train, toujours prét a plonger dans la piscine dégonflée, a débuter une partie de

jeux de société, a préparer un petit plat de papi. Tu tournes tout en positif, et on en redemande !

A MA PETITE FAMILLE

Yann, méme si la globalité n’est pas ton fort, que tu aimes plus les sauges et les cystes que mon
chat, je suis heureuse de partager ma vie avec toi. Merci de supporter mon désordre incessant, mes
compulsions animales, mes doutes. Tu es un roc.

Léon, le bonheur de ma vie. J’ai I’impression que le monde sans toi n’existait pas. On a tellement

de choses a découvrir tu verras...
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Abstract

Background Cutaneous leiomyosarcoma (cLMS) is a superficial smooth-muscle type of sarcoma.
It is an uncommon skin neoplasm for whose data are missing, especially concerning the outcomes

of patients and the molecular profile of cLMS.

Objectives To describe clinicopathological features, therapeutic strategies, long-term outcomes of
primary cLMS and to explore their molecular profile.

Methods A retrospective multicentric study of patients with cLMS referred to four French
Dermatology Departments, from January 2000 to June 2019 was conducted. Demographics data,
clinical-histopathological features and outcomes of patients were collected. Kaplan-Meier method
was used to evaluate the survival rates. Comprehensive molecular profiling using CGH/SNP-array,
targeted NGS and RNAsequencing was performed.

Results Seventy-nine cases of primary cLMS were included; 57 (72%) were male; median age at
diagnosis was 70.0 years (interquartile range [IQR], 57-79). Median duration of follow-up was 39
months (IQR, 4.9-73.9). cLMS mostly occurred in the lower limbs (36.7%), as a painless nodule
(62%). More than two-thirds (62%) of cLMS were low-grade sarcomas (grade I according to the
FNCLCC classification). Patients who no experienced local recurrence neither distant metastasis
had a mean margin larger than those who experienced a recurrence or metastasis (1.80 vs 1.06 cm, p
=0.03). The estimated 24-month OS and PFS rates were 92% and 77% respectively. Seven cases of
cLMS metastasized, the estimated 24-month RFS rate was 93%, it decreased to 90% at 5 years
Fourteen cases were molecularly investigated. Using CGH/SNP-array, we observed three different
types of quantitative genomic profiles: four cases showed no quantitative anomaly; three cases, few
quantitative genomic anomalies and four cases a complex genomic profile with more than 10
quantitative anomalies. Targeted NGS detected two cases with missense mutations of TP53. Most

commonly altered genes are RB (5 cases), TP53 (5 cases) and MYOCD (2 cases).
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Conclusions Most of the time prognosis of cLMS is good with an excellent outcome after a lcm
resection margins. Nevertheless, some cLMS, especially those treated with limited margins and
those with histological pejorative factors may metastasize, suggesting that a wider local excision
and long-term follow-up are needed. We identified a molecular aggressive subgroup of cLMS.

Whether this subgroup evolve differently, need to be explored in a larger, prospective cohort.
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Abbreviations used

cLMS: Cutaneous Leiomyosarcoma

DSS: disease-specific survival

FNCLCC: Fédération Nationale des Centres de Lutte Contre le Cancer

LMS: Leiomyosarcoma

OS: Overall survival

PFS: Progression free-survival

RFS: Relapse-free survival

WHO classification: World Health Organization classification
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Introduction

Sarcomas are a heterogeneous group of mesenchymal tumors that can affect soft-tissue, bone, skin
and visceral organs. Among the different histological subtypes of sarcomas, leiomyosarcomas
(LMS) can be divided in three major categories: deep soft-tissue LMS, uterine LMS and cutaneous
LMS (cLMS). Among primary cutaneous sarcoma, cLMS is a rare subtype, accounting for 2.2%,
after Kaposi sarcoma (71.1%), dermatofibrosarcoma (18.4%) and is a little bit more frequent than
cutaneous angiosarcoma (1.6%).1.2.34 Histologically, cLMS, is a primary dermal tumor, arising from
normal arrector pili smooth muscle and the classical immunohistochemical profile is desmin-actin-
caldesmon positive?. Its etiology is unknown, rare cases have been described with Li-Fraumeni
syndrome and EBV-associated cLMS have been reported in immunosuppressed patients.25:6 Most
of the time, clinical presentation is a painless nodule involving the trunk and the lower extremities.
It affects preferentially older men Caucasians with a peak of incidence in the fifth to seventh
decades of life.27 Exceptionally, pediatric forms have been reported, arising on
immunocompromised patients.5-¢ Compared to other primary LMS (soft tissue and uterine) cLMS is
reported to have a more favorable prognosis, especially when it confined to the dermis.2 Thus, some
authors have recently suggested to call them “atypical intradermal smooth muscle neoplasm”.8 On
the other hand, cases in which the tumor infiltrates the adipose tissue (hypodermis) were described
having a potential more aggressive behavior with a higher risk of recurrence and metastasis.2:4.9:10
Resection with wide margins is considered the gold standard. However, the exact width of safety

margins is not entirely clear and some institutions propose Mohs micrographic surgery.8 9 18, 19

Because of the rarity of cLMS, data are still limited and most of the time come from monocentric
retrospective studies with a little sample of patients, leaving many clinical questions and critical
management issues unanswered. Moreover, the genetic events underlying the development of cLMS

are still unknown.2
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Accordingly, we aimed to investigate, in a large multicentric cohort, the clinical and pathological
features, therapeutic strategies, long-term outcomes of primary cLMS and for the first time, we

analyzed their molecular profile.
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Material and methods

Study design

The design of the study and protection of patient’s data were in accordance with the local
institutional rules, the current French legislation, and the European Union 2016/679 General Data

Protection Regulation.

Case selection and data collection

We collected all cases of cLMS from four French centers (University Hospitals of Nice,
Montpellier, Lyon and Nimes), from January 2000 to June 2019. All tumors concluded by
pathologists as “leiomyosarcoma’ involving the skin were reviewed and data were obtained both
from electronic and paper charts. LMS originating from soft-tissue were excluded. A minimal
follow-up of 3 months was required to include a case in the current analysis.

The following data were recorded; (1) demographic and clinical features: age, gender (female vs
male), immunosuppression status (yes or not), time to first consultation, primary tumor location
(head and neck, trunk, upper and lower limbs), tumor size (classified in 3 categories : <1 cm, 1 to
2.9 cm and > 3 cm), clinical presentation (nodular, vegetative, ulcerated or infiltrated patch, painful
or not, occured on scar or not), consulation time; (2) treatments and outcomes: treatment modalities
(surgery with margins’ status, adjuvant radiotherapy or not), duration of follow-up, time to local
recurrence and/or metastasis, treatment modalities of the relapse (surgery, radiotherapy, systemic
therapy), patient’s status (alive or dead); (3) histological features: tumor invasion (dermal or dermo-
hypodermal), FNCLCC grading!!, proliferation index (assessed by the immunohistochemical
analysis of Ki67, < 10% or > 10%!2), histological ulceration (yes or not), mitotic index (< 9 mitosis,

10 to 19 mitosis ou > 19 mitosis), histological necrosis (yes or not), differentiation (well,
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moderately or poorly differentiated) and the margins’ status (RO, no residual tumor; RI,

microscopic residual tumor and R2, macroscopic residual tumor).

Molecular analyses
Comparative genomic hybridization and single nucleotide polymorphism on arrays (CGH/SNP-

array)

Genomic DNA was extracted from FFPE tumor samples. Copy number alteration (CNA) and loss
of heterozygosity (LOH) were assessed using Affymetrix OncoScan CNV FFPE Assay (Aftfymetrix,
Santa Clara, CA). Experimental procedures were performed according to the manufacturer's
recommendations (Affymetrix). Data were analyzed using the Chromosome Analysis Suite (ChAS
3.3) software (Thermo Fisher Scientific) and annotated according to the human reference hgl9

(Genome Reference Consortium Human Build 37 (GRCh37)).

Targeted DNA Next Generation Sequencing (NGS)

Genomic DNA was extracted from FFPE tumor samples. We used the lon AmpliSeq Cancer
Hotspot Panel v2 designed to amplify and sequence 207 amplicons covering 2,800 COSMIC
mutations from 50 genes (Thermo Fisher Scientific). Targeted sequencing of tumor DNA was
performed using the Ion Torrent semiconductor-based sequencing technology (Thermo Fisher
Scientific). Experimental procedures were performed according to the manufacturer's
recommendations (Thermo Fisher Scientific). Emulsion PCR was performed on the Ion Chef
System (Thermo Fisher Scientific) and sequencing, on the Ion GeneStudio System S5 using the
semiconductor-based technology (Thermo Fisher Scientific). Base calling, barcode sorting and
trimming, alignment to the human reference genome (hg19; Genome Reference Consortium Human

Build 37 (GRCh37) and variant calling were achieved using the Torrent Suite v3.6.2 and the Torrent
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Variant Caller plugin with the “Somatic-Low stringency” default parameters. Mutations were
annotated using Ion Reporter v5.0 and then expressed according to the human reference hgl9
(Genome Reference Consortium Human Build 37 (GRCh37)). Variants with a Global Minor Allele

Frequency (GMAF) <0.01 were filtered out.

RNA sequencing

Total RNA was extracted from FFPE tissue. We used the Archer FusionPlex Comprehensive
Sarcoma Panel (ArcherDX Inc., Boulder, CO) targeting fusion genes using 407 gene sequence
primers (GSP) corresponding to 52 genes. Experimental procedures were performed according to
the manufacturer's recommendations (ArcherDX Inc.). Library preparation and emulsion PCR were
performed on the Ion Chef System (Thermo Fisher Scientific, Waltham, MA). Sequencing was
performed on the lon GeneStudio System S5 using the semiconductor-based technology (Thermo
Fisher Scientific). Base calling, barcode sorting and trimming, alignment to the human reference
genome, and variant calling were achieved using the Torrent Suite v3.6.2. Annotations were based
on the human reference hgl9 (Genome Reference Consortium Human Build 37 (GRCh37)) and

performed using the software Archer Analysis 6.0 (ArcherDX Inc.).

Statistical analysis

Characteristics of patients and tumors were summarized by frequency and percentage for
categorical variables. For continuous variables the mean, standard deviation, median and range
were computed.

All survival times were calculated from the date of pathological diagnosis.

Using Kaplan-Meier analysis, we evaluated (1) overall survival (OS) — definied as the delay
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between the date of diagnosis and the last known patient update or the date of death, (2) and disease
specific survival (DSS) considering only events related to cLMS, (3) progression free-survival
(PFS) - defined as the delay between the day of diagnosis and and the earliest day of progression
(local recurrence and/or metastasis) or death, or the date of last follow-up in patients who were
progression free and still alive at the end of the follow-up.

The log rank test was performed to assess the relationship between relapse or survival and each
predictive factor. When the risk was not log-linear, continuous variables were transformed as
dichotomic variables. The threshold used here were the median value.

The hazard ratios were calculated to show the strength of the association between independent
variables and time of recurrences as well as the disease-specific mortality. The results were
significant if the "p value" was less than 0.05 and if the hazard ratio did not include 1.

Statistical analyses was performed using the SAS software (SAS Enterprise Guide 8.2).
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Results

Demographics and clinical characteristics

During the study period, 89 patients with primary cLMS were identified. Ten were excluded
because of missing clinical or histological data. Thus, 79 patients were included in the current study.
The median age, at the time of cLMS diagnosis was 70.0 years (interquartile range [IQR], 57-79).
The majority of the patients were male (n= 57 [72.2%]). The median duration of follow-up was 39
months (IQR, 4.9 - 73.9). The most common primary tumor sites were the lower limbs (n=29
[36.7%]) followed by the head and neck (n=23 [29.1%]). Most of the time the cMLS was a painless
(n = 46 [58.2%]) nodule (n= 49 [62 %]) with a mean size of 1.77 cm (range, 0.3-9.0). The mean
time interval from the first presentation to the first biopsy or excision was 32.2 months (range,

0.5-180.0). The demographic and clinical data are detailed in Table 1.

Histological features

When it was specified, tumor cells infiltrated the dermo-hypodermal layers in 35 cases (44.3%,
Fig.1A-B), whereas they were confined to the dermis in 24 cases (30.4%). Grading according to the
FNCLCC classification was available for 72 cases (91%). cLMS were mainly of grade I (n = 49,
[62%], Fig. 1A-B). The mean mitotic proliferation index was 24.8 (+/- 15.4) The histological

characteristics are detailed in Table 1.

Treatment and outcomes

All patients were treated surgically, after collegial decision during a multidisciplinary meeting. The
mean clinical margins proposed, during these meeting, were 1.88 cm (range, 0-3.5). Mohs surgery
was not performed due to the habits of the centers. The mean clinical and histological margins,

indicated by the surgeon and the pathologist, were of 1.64 cm (range, 0-3) and 0.83 cm (range,
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0-2.6) respectively. The margin status was RO in 54 patients (68.4%) and R1 or R2 in 20 patients

(25.3%), table 1.

Eleven patients were excluded from the survival analysis due to a short follow-up too short. Thus
the survival analysis was carried out on 68 patients. The median OS and PFS were 38.8 months
(range, 4.9 to 73.9) and 25.2 months (range, 2.8 to 66.1) respectively. The median RFS and DSS
were 28,5 months (range 2,9 to 67,5) and 38,8 months (range, 4,9 to 73,9) respectively.

The estimated 24-month OS and PFS rates were 92% (Fig. 2A) and 77% (Fig 2B) respectively. The
5-year relative survival rate was 86% (Fig . 2A). The estimated 96-month PFS rate was 61% (Fig.
2B). The probability of DSS after 24-months was 93% (Fig. 2C), after 5 years it was 91%. Seven
cases of cLMS metastasized, the estimated 24-month RFS rate was 89%, it was also 89% at 5 years
(Fig.2D).

Patients who no experienced local recurrence neither distant metastasis had a mean clinical margin
larger than those who experienced a recurrence or metastasis (1.80 vs 1.06 cm, p = 0.03). Local
recurrence of cLMS occurred in 12 patients (15.2%). Among them, eight cases were completely
removed with a margins’ status RO, whereas four cases were incompletely removed with a margins’
status R1 or R2, without any adjuvant treatment such as radiotherapy. Regional and distant
metastases occurred in 7 patients (8.9%), among them 5 were completely removed with a margins’
status RO, and 2 have had an intra-lesionnal resection with margins’ status R1 or R2, without any
adjuvant treatment such as radiotherapy. The metastases concerned the following organs: bone (n=
3), cutaneous (n= 2), colon (n= 1), lymph node (n= 1) and lung (n= 1). One patient had radical
surgery with amputation of his leg, another one a large surgery of in transit metastases combined
with radiotherapy. Two patients received chemotherapy, one with taxol alone and for the other
doxorubicin liposomal combined with radiotherapy. Two patients received radiotherapy only. The

remaining patient had supportive care. Of these 7 cases who metastasized, only patient treated with
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large surgery plus radiotherapy was still alive at the time of the study. Out of 74 patients whose vital

status was recovered, 8 died and among them 6 due to their cLMS.

Pronostic factor for recurrence/metastasis and death

As summarized in Table 2, there was no prognostic association between clinical features, such as
age, gender, primary location of cLMS and clinical margins. In univariate analysis, the following
histological parameters were significantly associated with an increased risk of local recurrence or
metastais: FNCLCC grades II or III (HR 4.8; 95% CI [1.6-14.6]; p= 0.01), a moderately or poorly
tumor differentiation (HR 4.5; 95% CI [1.2-17.2]; p= 0.03) and a mitotic index > 10 mitosis /HPF
(HR 4.0; 95% CI [1.3-12.5]; p= 0.02). There was no prognostic association with others histological
factors. In contrast, no correlation between clinico-histological features and overall survival was

observed. In multivariate analysis, the results were not contributory due to a lack of power.

Molecular analyses

Fourteen cases of cLMS were analyzed by CGH/SNP-array, targeted NGS and RNA sequencing
(Table 3). Using CGH/SNP-array analyses, seven cases presented copy number alterations (CNA):
four cases with a complex genomic profile (more than 10 segmental anomalies), three with a simple
genomic profile (only one anomaly). Among these cases, the recurrent anomalies were deletion of
RBI gene (n=5), deletion of loss of heterozygosity of 7TP53 gene (n= 4) and amplification of
MYOCD gene (n=2). Four cases presented no quantitative genomic anomaly (flat profile). Point
mutations detected by targeted NGS were 7P53 mutations in 2 cases: a missense mutation
c.736A>G; p.Met246Val (variant allelic frequency, VAF: 38%) in case number 1 and a missense
c.722C>T;p.Ser241Phe (VAF: 6%) in case number 9. No fusion gene was observed by RNA
sequencing using a panel targeting fusion genes frequently involved in sarcomas. Three cases had

no contributory molecular results.
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Discussion

In this large multicentric study focusing on primary cLMS, we wanted to better define their
clinicopathologic features, prognostic factors, and we attempted to characterize their molecular
profile.

In line with most of the prior studies, in our cohort of 79 cases, cLMS were mostly represented by
men (72%) compare to women. Conversely, our population was older with a mean age at diagnosis
of 66 years compare to previous ones, where the mean age reported was approximately 55 years.3: 8.
9,13, 14,15 Ag already reported, we observed that the extremities and the head and neck were the
preferred sites of cLMS.10. 13,14, 15,16, 17 Most of the time, clinical diagnosis of cLMS is challenging
because of the absence of specific features. It may be a painless nodule, as we observed
preferentially in our series (in approximate 60% of cases), but also an ulcerated hemorrhagic
(observed exceptionally in our series, 1% of cases) and painful tumors.!8: 19 A history of local
trauma is sometimes described as a predisposing factor to the development of cLMS15. 20 however
only 2 cases reported in the literature revealed the occurrence of a lelomyosarcoma on a scar.2!.22 In
our study, five cLMS occured on scar (6,3%).

Regarding the prognosis of cLMS, some studies suggest that these tumors have no obvious risk of
metastasis® 16 23 and should therefore be reclassified as atypical smooth muscle neoplasms rather
than sarcomas. Nevertheless, in our study seven of 79 patients (9%) developed metastases, and six
of them died of their disease. These data are consistent with those observed by Winchester et al.,
who reported that five of 48 patients (10%) with cLMS developed metastasis, two of which resulted
in death.® The lung and the skin are the most common sites of metastasis reported in the literature.®:
15 In our series, the most common site was the bone, with 3 cases, followed by the skin with 2 cases.
The colon, the lymph node and the lung were the other metastatic sites. The 5-year relative survival
rate reported is 92%?3 relatively comparable to the one we observed (86%). Our study offers an

original idea of survival data (OS, PFS, RFS, DSS).
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Concerning the therapeutic approach, in order to limit the risk of recurrence, a wide local excision is
mandatory. The exact width of safety margins is not consensual. Most studies recommend at least 1
cm. Mohs micrographic surgery is also described as a therapeutic approach to be favored.s. 9. 18. 19
We observed that patients who experienced a relapse of their cLMS had been treated with a lower
excision margins (1.06cm) to those who did not recurrence (1.80cm, p = 0.03). In our four expert
centers, Mohs surgery was not carried out as a surgical treatment for cLMS.

There are no specific recommendations for adjuvant treatment of cLMS, especially about
radiotherapy. For Kazlouskaya et al., in FNCLCC high-grade tumors, recurrent or large tumors
(more than 5cm), adjuvant treatment should be considered.!® Other authors, suggest adjuvant
radiation in case of positive margins28 after tumor resection. No patient in our series received a such
treatment. As the occurrence of cLMS-related metastasis is a rare event, the best strategy to manage
these patients is not consuensual and data about systemic treatments, such as chemotherapy, are
scarce in the literature.!7.24 These rare case have to be manage according to a multidisciplinary
tumor board recommendation. In our study, among the 7 patients with advanced disease only one
was still alive, he was treated with extensive surgery combined with radiotherapy. Patients treated
with chemotherapy were died.

To the best of our knowledge, our study was the first to describe the somatic molecular features of
cLMS. We observed that cLMS represented a molecular heterogeneous group of tumors, from no
genomic quantitative anomaly to a complex genomic quantitative profile. Interestingly, these latter
cases of cLMS share some molecular features with deep soft-tissue LMS. Indeed, we observed
frequent alterations of 7P53 or RBI gene (with a biallelic inactivation of either TP53 or RBI
detected in four cases) and more specifically a MYOCD amplification in two cases. These
alterations are commonly described in deep soft-tissue LMS, that are molecularly well-
documented.?5 Deep soft-tissue LMS belong to the complex genomic class of sarcomas with high

genomic instability. The most frequent pathways involved in leiomyosarcomagenesis are the TP53
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pathway, with a biallelic inactivation of 7P53 observed in 50% of cases and the retinoblastoma-
cyclin D pathway with genomic loss at 13q14 centred on the RBI gene.25 Another frequent
alteration of tumor suppressor gene is the loss of 10q region that encompasses the PTEN gene.
Among the most common and recurrent CNA, an amplification of the Myocardin (MYOCD) gene,
located on 17p, is detected in about 70% of deep soft-tissue LMS.25.26.27 [n our cohort of cLMS
studied at a genomic level, we did not identify any histological factor predictive of a molecularly
aggressive profile, except one case with a large and of grade II according to the FNCLCC
classification tumor (case number 4). cLMS with such molecular features might have a pejorative
prognosis, which should be confirmed in a larger cohort. A better understanding of molecular
features in cLMS could allow a more accurate classification and an appropriate terminology:

“atypical intradermal smooth muscle neoplasm” versus “sarcoma”.
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Conclusion

In general, cLMS has a good prognostic and a surgery with at least a margins of 1 cm allows a
complete remission. Nevertheless, some cLMS, may metastasize, suggesting that a wider local
excision and long-term follow-up are needed. We identified a molecular aggressive subgroup of
cLMS. Whether this subgroup evolve differently, need to be explored in a larger, prospective

cohort.
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Figures and tables legends

Figure 1. Histological and molecular features of two cases of cutaneous leiomyosarcoma (A
and C, case number 6 — B and D, case number 2).

A. Low magnification (x2) of grade I leiomyosarcoma, arising the left leg, showing a superficial,
dermal and hypodermal (superficial layer of hypoderm, case number 6). Of note, cells were
diffyusely positive for actin, desmin and caldesmon. Insert: higher magnification (x20), showing
short fascicules of eosinophilic spindle cells, with few atypia. B. Low magnification (x2) of a grade
I leiomyosarcoma, arising the groin region, showing a superficial, dermal and hypodermal
proliferation (Case number 2). Insert higher magnification (x20), showing fascicules of
eosinophilic spindle cells, with perinuclear vacuoles and few atypia. Of note, cells were diffusely
positive for actin, desmin and caldesmon. C. Quantitative whole genome profile (case number 6,
CGH/SNP-array analysis) showing only one quantitative anomaly, a 13p loss, including RBI gene
(arrow).D. Quantitative whole genome profile (case number 2, CGH/SNP-array analysis) showing a
complex genomic profile with numerous gains and losses, including an amplification of MYOCD
gene (8 copies, located on 17p, red arrow), a homozygous deletion of RBI gene (located on 13q,
blue arrow) and an heterozygous deletion of 7P53 gene (located on 17p, black arrow).
Abbreviations: CGH/SNP-array, Comparative Genomic Hybridization / Single Nucleotide
Polymorphism on array.

Figure 2. Survival outcomes of 68 cutaneous leiomyosarcoma

Abbreviations: OS, overall survival; PFS, progression free-survival; RFS, relapse-free survival;
DSS, disease specific survival.
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Table 1. Demographics, clinical and histological characteristics of 79 patients with cutaneous
leiomyosarcoma.

£ Patient treated with Azathioprine and prednisolone for an ulcerative colitis; £#éData were available
for 30 patients; ££¢High-power fields; ££££R0, no residual tumor; R1, microscopic residual tumor and

R2, macroscopic residual tumor.

Table 2. Clinical outcomes and histological variables in relation to outcomes for 79 cases of

cutaneous leiomyosarcoma.

Abbreviations: CI, Confidence interval; FNCLCC, Fédération Nationale des Centres de Lutte
Contre le Cancer; HPF, High-power fields; HR, hazard ratio; ND, not done.
Table 3. Clinical, histological and molecular features in the series of 14 cases studied at the

molecular level.

Abbreviations: NK, Not known; A, alive; D, dead ; NC, Not contributory ; LOH, loss of
heterozygosity
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ANNEXES

Figure 2 : Survival outcomes of 68 cutaneous leiomyosarcoma.
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OS, overall survival; PFS, progression free-survival; RFS, relapse-free survival; DSS, disease
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Figure 1. Histological and molecular features of two cases of cutaneous leiomyosarcoma (A and C,
case number 6 - B and D, case number 2). A. Low magnification (x2) of grade | leiomyosarcoma,
arising the left leg, showing a superficial, dermal and hypodermal (superficial layer of hypoderm, case
number 6). Of note, cells were diffusely positive for actin, desmin and caldesmon. Insert: higher
magnification (x20), showing short fascicules of eosinophilic spindle cells, with few atypia. B. Low
magnification (x2) of a grade | leiomyosarcoma, arising the groin region, showing a superficial, dermal
and hypodermal proliferation (Case number 2). Insert: higher magnification (x20), showing fascicules
of eosinophilic spindle cells, with perinuclear vacuoles and few atypia. Of note, cells were diffusely
positive for actin, desmin and caldesmon. C. Quantitative whole genome profile (case number 6,
CGH/SNP-array analysis) showing only one quantitative anomaly, a 13p loss, including RB1 gene
(arrow).D. Quantitative whole genome profile (case number 2, CGH/SNP-array analysis) showing a
complex genomic profile with numerous gains and losses, including an amplification of MYOCD gene (8
copies, located on 17p, red arrow), a homozygous deletion of RB71 gene (located on 13q, blue arrow)
and an heterozygous deletion of TP53 gene (located on 17p, black arrow).

Abbreviations: CGH/SNP-array, Comparative Genomic Hybridization / Single Nucleotide Polymorphism
on array.
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specific survival

Characteristics No. of cases
n=79
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Age at time of diagnosis (years)

Median (IQR)
Mean (IQR)

Gender
Male
Female

Immunosuppression®
Yes
No

Primary tumor location
Head and neck
Trunk
Upper limp - shoulder
Lower limp - hip
Not specified

Clinical presentation
Nodular
Ulcerated
Vegetative
Infiltrated patch
Not specified

Pain
Present
Absent

Occured on scar
Present
Absent

Mean tumor size, cm (IQR)
<1
1t02.9
>3
Not specified

Mean consultation time, months#¢

FNCLCC grading
I
11
I
not specified

70 (57-79)
65.84 +18.2

57 (72.2%)
22 (27.8%)

1(1,3%)
78 (98,7%)

23 (29.1%)
10 (12.7%)
15 (18.9%)
29 (36.7%)
2 (2.5%)

49 (62.0%)
1(1.2%)
1 (1.2%)
3 (3.8%)

25 (31.6%)

33 (41.8%)
46 (58.2%)

5 (6.3%)
74 (93.7%)

1.77 (0.3-9.0)
18 (29.5%)
33 (54.1%)
10 (16.4%)

18 (22.8)

32.2 (0.5-180.0)

49 (62.0%)
16 (20.2%)
7 (8.9%)
7 (8.9%)



Histological ulceration
No
Yes

Tumor invasion
Dermal
Dermo-hypodermal
Not specified

Mitotic index (/ 10 HPF%££)
< 9 mitosis
10 to 19 mitosis
> 19 mitosis
not specified

Necrosis
Present
Absent
not specified

Differentiation
Well differentiated
Moderately differentiated
Poorly differentiated
Not specified

Proliferation index (Ki67)
Median (IQR)
Mean (IQR)
<10%
>10%
Not specified

RO ou R1-R2 statustt£
RO
R1-R2
Not specified

50

69 (87.3%)
10 (12.7%)

24 (30.4%)
35 (44.3%)
20 (25.3%)

46 (58.2%)
12 (15.2%)
7 (8.9%)
14 (17.8%)

12 (15.2%)
57 (72.2%)
10 (12.7%)

38 (48.1%)
14 (17.7%)
7 (8.9%)
20 (25.3%)

25.0 (10.0-30.0)

24.8 (+15.4)
12 (15.2%)
31 (39.2%)
36 (45.6%)

54 (68,4%)
20 (25,3%)
5 (6.3%)

Table 1. Demographics, clinical and histological characteristics of 79 patients with cutaneous

leiomyosarcoma.

£Patients treated with azathioprine and prednisolone for an ulcerative colitis; ££Data were available
for 30 patients; £4¢High-power fields; ££££R0, no residual tumor; R1, microscopic residual tumor and

R2, macroscopic residual tumor.
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SERMENT D’HIPPOCRATE

En présence des Maitres de cette école, de mes chers condisciples et devant 1’effigie
d’Hippocrate, je promets et je jure, au nom de I’Etre supréme, d’étre fidele aux lois de

I’honneur et de la probité dans 1’exercice de la médecine.

Je donnerai mes soins gratuits a 1’indigent et n’exigerai jamais un salaire au-dessus de mon

travail.

Admis (e) dans I’intérieur des maisons, mes yeux ne verront pas ce qui s’y passe, ma langue
taira les secrets qui me seront confiés, et mon €tat ne servira pas a corrompre les meeurs, ni a

favoriser le crime.

Respectueux (se) et reconnaissant (e) envers mes Maitres, je rendrai a leurs enfants

I’instruction que j’ai regue de leurs peres.

Que les hommes m’accordent leur estime si je suis fidele a mes promesses. Que je sois

couvert (e) d’opprobre et méprisé (e) de mes confreres si j’y manque.
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RESUME

Introduction : Le Iéiomyosarcome cutané (cLMS) est un type de sarcome du muscle lisse
superficiel. Il s'agit d’une tumeur cutanée maligne rare dont les données de la littérature ne
contiennent que quelques cas. Aucune publication ne fait référence a des données moléculaires.

Le premier objectif de cette étude était de réaliser la plus grande collection frangaise de données
cliniques et histologiques de 1éiomyosarcomes cutanés. Le deuxiéme objectif était de réaliser la
premicre étude génétique moléculaire de ces tumeurs.

Méthodes : 79 patients atteints de cLMS ont été inclus dans cette étude rétrospective multicentrique
intéressant 4 centres experts de dermatologie, de janvier 2000 a juin 2019. Les données
démographiques, les caractéristiques clinico-histopathologiques et les résultats des patients ont été
collectés. La méthode de Kaplan-Meier a été utilisée pour évaluer les taux de survie.

Un profilage moléculaire complet a I'aide de CGH / SNP, d'un séquencage NGS ciblé et d'ARN a
¢été effectué.

Résultats : Soixante-dix-neuf cas de cLMS primitifs ont été inclus; 57 (72%) étaient des hommes;
I'age médian au moment du diagnostic était de 70,0 ans (intervalle interquartile [IQR], 57-79). La
durée médiane de suivi était de 39 mois (IQR, 4,9-73,9). Le cLMS survient surtout aux membres
inférieurs (36,7%), sous forme d’un nodule indolore (62%). Plus des deux tiers (62%) des cLMS
¢taient des sarcomes de bas grade (grade I selon la classification FNCLCC). Les patients qui n'ont
pas eu de récidive locale ni de métastase a distance avaient une marge d’exérése moyenne plus
grande que ceux qui ont présenté une récidive ou une métastase (1,80 vs 1,06 cm, p = 0,03). Les
taux estimés de survie globale et de survie sans progression sur 24 mois étaient de 92% et 77%
respectivement. Sept patients atteints de cLMS ¢étaient métastastiques. Le taux de RFS estimé sur 24
mois était de 93%, il diminuait a 90% a 5 ans.

Quatorze cas ont ¢té étudiés au niveau moléculaire. En utilisant CGH / SNP-array, nous avons
observé trois types différents de profils génomiques quantitatifs: quatre cas n'ont montré aucune
anomalie quantitative; trois cas, peu d'anomalies génomiques quantitatives et quatre cas un profil
génomique complexe avec plus de 10 anomalies quantitatives. Le NGS ciblé a détecté¢ deux cas
avec des mutations de TP53. Les génes les plus fréquemment altérés sont RB1 (5 cas), TP53 (5 cas)
et MYOCD (2 cas).

Conclusion : La plupart du temps, le pronostic du cLMS est bon avec un excellent pronostic apres
une marge de résection de 1 cm. Néanmoins, certains cLMS, en particulier ceux traités avec des
marges limitées et ceux avec des facteurs histologiques péjoratifs peuvent devenir métastatiques,
suggérant qu'une excision locale plus large et un suivi a long terme sont nécessaires.

Nous avons identifié un sous-groupe moléculaire agressif de cLMS. La question de savoir si ce
sous-groupe €volue différemment doit étre étudiée dans une cohorte prospective plus large.

Keywords: Léiomyosarcome cutané, Sarcome cutané, Moléculaire, Géne RB1, Géne MYOCD,

amplification CGH-array.



