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DURAND Jean-Marc
DUSSOL Bertrand

EBBO Mikagl

EUSEBIO Alexandre
FABRE Alexandre
FAKHRY Nicolas

FAURE Alice

FELICIAN Olvier
FENOLLAR Florence
FIGARELLA/BRANGER Dominique
FLECHER Xavier
FOUILLOUX Virginie
FOURNIER Pierre-Edouard
FRANCESCHI Frédéric
FUENTES Stéphane
GABERT Jean

GABORIT Bénédicte
GAINNIER Marc

GARCIA Stéphane
GARIBOLDI Vlad
GAUDART Jean
GAUDY-MARQUESTE Caroline
GENTILE Stephanie
GERBEAUX Patrick
GEROLAMI/SANTANDREA René
GILBERT/ALESSI Marie-Christine
GIORGI Roch

GIOVANNI Antoine
GIRARD Nadine
GIRAUD/CHABROL Brigitte
GONCALVES Anthony
GRANEL/REY Brigitte
GRANDVAL Philippe
GREILLIER Laurent

GUIS Sandrine

GUYE Maxime

GUYOT Laurent

GUTS Jean-Michel Retraite le 24/00/2021
HABIB Gilbert
HARDWIGSEN Jean

HARLE Jean-Robert
HOUVENAEGHEL Gilles
JACQUIER Alexis
JOURDE-CHICHE Noémie
JOUVE Jean-Luc
KAPLANSKI Gilles
KARSENTY Gilles

KERBAUL Francois dérachement
KRAHN Martin
LAFFORGUE Pierre

LAGIER Jean-Christophe
LAMBAUDIE Eric

LANCON Christophe

LA SCOLA Bernard
LAUNAY Franck

LAVIEILLE Jean-Pierre

LE CORROLLER Thotnas
LECHEVALLIER Eric
LEHUCHER-MICHEL Marie-Pascale
LEONE Marc

LEONETTI Georges

LEPIDI Hubert

LEVY Nicolas

MACE Loic

MAGNAN Pierre-Edouard
MANCINI Julien

MEGE Jean-Louis

MERROT Thierry
METZLER/GUILLEMAIN Catherine
MEYER/DUTOUR. Anne
MICCALEF/ROLL Joélle
MICHEL Fabrice

MICHEL Gérard

MICHEL Justin

MICHELET Pierre

MILH Mathieu

MILLION Matthieu

MOAL Valérie

MORANGE Pierre-Emmanuel
MOULIN Guy
MOUTARDIER. Vincent
NATUDIN Jean

NICOLAS DE LAMBALLERIE Xavier
NICOLLAS Richard
NGUYEN Karine

OLIVE Daniel

OLLIVIER. Matthieu

OUAFIK L'Houcine
OVAERT-REGGIO Caroline
PAGANELLI Franck

PANUEL Michel Surnombre
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PROFESSEURS DES UNIVERSITES-PRATICIENS HOSPITALIERS

PAPAZIAN Laurent
PAROLA Philippe

PELISSIER-ALICOT Amne-Laure

PELLETIER Jean
PERRIN Jeanne
PESENTI Sébastien
PETIT Philippe
PHAM Thao

ROLL Patrice

ROSSI Dominique

ROSSI Pascal

ROUDIER. Jean

SALAS Sébastien
SARLON-BARTOLI Gabrielle
SCAVARDA Didier
SCHLEINITZ Nicolas

PIERCECCHI/MARTI Marie-Dominig SEBAG Fredéric

PIQUET Philippe

PIRRO Nicolas

POINSO Frangois

RACCAH Denis

RANQUE Stéphane

REGIS Jean
REYNAUD/GAUBERT Martine
REYNAUD Rachel

RICHARD/LALLEMAND Marie-Aletl TREBUCHON-DA FONSECA Agnés
TRIGLIA Jean-Michel Surnombre

RICHIERI Raphaélle
ROCHE Pierre-Hugues
ROCH Antoine
ROCHWERGER Richard

Secrétariat Général - RH

SIELEZNEFF Igor
SIMON Nicolas
STEIN Andréas
SUISSA Laurent
TAIEB David
THOMAS Pascal
THUNY Franck
TOSELLO Barthélémy

TROPIANO Patrick
TSIMARATOS Michel
TURRINI Olivier

VALERO René
VAROQUAUX Arthur Damien
VELLY Lionel

VEY Norbert

VIDAL Vincent

VIENS Patrice

VILLANI Patrick

VITON Jean-Michel

VITTON Véronique
VIEHWEGER Heide Elke détachement
VIVIER Eric

XERRI Luc

ZIELEZKIEWICZ Laurent
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PROFESSEURS DES UNIVERSITES-PRATICIENS HOSPITALIERS

PROFESSEUR DES UNIVERSITES

ADALIAN Pascal
AGHABABIAN Valérie
BELIN Pascal
CHABANNON Christian
CHABRIERE Eric
FERON Frangois
LE COZ Pierre
LEVASSEUR Anthony
RANIJEVA Jean-Philippe
SOBOL Hagay

PROFESSEUR CERTIFIE
FRAISSE-MANGIALOMINI Jeanne

PROFESSEUR DES UNIVERSITES ASSOCIE a MI-TEMPS
REVIS Joana

PROFESSEUR DES UNIVERSITES MEDECINE GENERALE

GENTILE Gaétan

PROFESSEUR DES UNIVERSITES ASSOCIE a TEMPS PLEIN DES DISCIPLINES MEDICALES

BOUSSUGES Alain

PROFESSEUR DES UNIVERSITES ASSOCIE a MI-TEMPS DES DISCIPLINES MEDICALES

DUTAU Hervé
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MAITRES DE CONFERENCES DES UNIVERSITES-PRATICIENS HOSPITALIERS

AHERFI Sarah

GELSI/BOYER Véronique

ANGELAKIS Emmanouil (disponibilité) GIUSIANO Bernard

ATLAN Catherine (disponibilité)
BEGE Thierry
BENYAMINE Audrey
BIRNBAUM David

BONINI Francesca
BOUCRAUT Joseph
BOULAMERY Audrey
BOULLU/CIOCCA Sandrine
BOUSSEN Salah Michel
BUFFAT Christophe
CAMILLERI Serge
CARRON Romain
CASSAGNE Carole
CERMOLACCE Michel
CHAUDET Hervé
CHRETIEN Anne-Sophie
COZE Carole

CUNY Thomas

DADOUN Frédéric (disponibilité)
DALES Jean-Philippe
DARIEL Anne

GIUSTANO COURCAMBECK Sophie
GONZALEZ Jean-Michel

GOURIET Frédérique

GRAILLON Thomas

GUERIN Carole

GUENOUN MEYSSIGNAC Daphné
GUIDON Catherine

GUIVARCH Jokthan

HAUTIER Aurélie

HRAIECH Sami

IBRAHIM KOSTA Manal

JALOUX Charlotte

JARROT Pierre-André
KASPI-PEZZOLI Elise

L'OLLIVIER Coralie
LABIT-BOUVIER Corinne
LAFAGE/POCHITALOFF-HUVALE Marina
LAGARDE Stanislas

LAGIER Aude (disponibilité)
LAGOUANELLE/SIMEONI Marie-Claude
LAMBERT Isabelle

DEGEORGES/VITTE Joélle (disponibilitt)yLENOIR Marien

DEHARO Pierre
DELLIAUX Stéphane
DELTEIL Clémence
DESPLAT/JEGO Sophie
DEVILLIER Raynier
DUBOURG Grégory
DUCONSEIL Pauline
DUFOUR Jean-Charles
ELDIN Carole
FOLETTI Jean- Marc
FRANKEL Diane
FROMONOT Julien
GASTALDI Marguerite
GAUDRY Marine

MAITRES DE CONFERENCES DES UNIVERSITES

ABU ZAINEH Mohammad
BARBACARU/PERLES T. A.
BERLAND Caroline

BOYER Sylvie

COLSON Sébastien
DEGIOANNI/SALLE Anna

LEVY/MOZZICONACCI Annie
LOOSVELD Marie
MAAROUF Adil

MACAGNO Nicolas
MARLINGE Marion

MAUES DE PAULA André
MOTTOLA GHIGO Giovanna
MEGE Diane

MOTTOLA GHIGO Giovanna
NOUGAIREDE Antoine
PAULMYER/LACROIX Odile
RADULESCO Thomas
RESSEGUIER Noémie
ROBERT Philippe

(mono-appartenants)

DESNUES Benoit

MARANINCHI Marie
MERHEJ/CHAUVEAU Vicky
MINVIELLE/DEVICTOR Bénédicte

POGGI Marjorie
POUGET Benoit

ROBERT Thomas
ROMANET Pauline
SABATIER Renaud
SARI-MINODIER Iréne
SAVEANU Alexandru

SECQ Véronique

SOLER Raphael
STELLMANN Jan-Patrick
SUCHON Pierre

TABOURET Emeline

TOGA Isabelle

TOMASINI Pascale

TROUDE Lucas

TROUSSE Delphine
TUCHTAN-TORRENTS Lucile
VELY Frédéric

VENTON Geoffroy
VION-DURY Jean
ZATTARA/CANNONI Héléne

RUEL Jérome
THOLLON Lionel

THIRION Sylvie
VERNA Emeline

MAITRE DE CONFERENCES DES UNIVERSITES DE MEDECINE GENERALE

Secrétariat Général - RH

CASANOVA Ludovic
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Secrétariat Général - RH

MAITRES DE CONFERENCES ASSOCIES DE
MEDECINE GENERALE a MI-TEMPS

BARGIER Jacques
FIERLING Thomas
FORTE Jenny
JANCZEWSKI Aurélie
NUSSLI Nicolas
ROUSSEAU-DURAND Raphaélle
THERY Didier

MAITRE DE CONFERENCES ASSOCIE a MI-TEMPS

BOURRIQUEN Maryline
EVANS-VIALLAT Catherine
LAZZAROTTO Sébastien
LUCAS Guillaume
MATHIEU Marion
MAYENS-RODRIGUES Sandrine
MELLINAS Marie
ROMAN Christophe
TRINQUET Laure
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PROFESSEURS DES UNIVERSITES et MAITRES DE CONFERENCES DES UNIVERSITES - PRATICIENS HOSPITALIERS
PROFESSEURS ASSOCIES, MAITRES DE CONFERENCES DES UNIVERSITES mono-appartenants

| ANATOMIE 4201 | ANTHROPOLOGIE 20 |
CHAMPSAUR Pierre (PU-PH) ADALIAN Pascal (PR)

LE CORROLLER Thomas (PU-PH)

PIRRO Nicolas (PU-PH) DEGIOANNI/SALLE Anna (MCF)

POUGET Benoit (MCF)
VERNA Emeline (MCF)
GUENOUN-MEYSSIGNAC Daphné (MCU-PH)

LAGIER Aude (MCU-PH) disponibilité I BACTERIOLOGIE-VIROLOGIE ; HYGIENE HOSPITALIERE 4501 I
THOLLON Lionel (MCF) (60eéme section) CHARREL Rémi (PU PH)

DRANCOURT Michel (PU-PH)

FENOLLAR Florence (PU-PH)

FOURNIER Pierre-Edouard (PU-PH)

| ANATOMIE ET CYTOLOGIE PATHOLOGIQUES 4203 INICOLAS DE LAMBALLERIE Xavier (PU-PH)
LA SCOLA Bernard (PU-PH)

CHARAFE/JAUFFRET Emmanuelle (PU-PH)
DANIEL Laurent (PU-PH)

FIGARELLA/BRANGER Dominique (PU-PH) AHERFI Sarah (MCU-PH)
GARCIA Stéphane (PU-PH) ANGELAKIS Emmanouil (MCU-PH) disponibilité
XERRI Luc (PU-PH) DUBOURG Grégory (MCU-PH)

GOURIET Frédérique (MCU-PH)
NOUGAIREDE Antoine (MCU-PH)

DALES Jean-Philippe (MCU-PH) NINOVE Laetitia (MCU-PH)
GIUSIANO COURCAMBECK Sophie (MCU PH)
LABIT/BOUVIER Corinne (MCU-PH) CHABRIERE Eric (PR) (64&me section)
MACAGNO Nicolas (MCU-PH)
MAUES DE PAULA André (MCU-PH) LEVASSEUR Anthony (PR) (64eme section)
SECQ Véronique (MCU-PH) DESNUES Benoit (MCF) ( 65eéme section )
MERHE)/CHAUVEAU Vicky (MCF) (87&me section)
BIOCHIMIE ET BIOLOGIE MOLECULAIRE 4401 |
ANESTHESIOLOGIE ET REANIMATION CHIRURGICALE ;
MEDECINE URGENCE 4801 IBARLIER/SETTI Anne (PU-PH)
GABERT Jean (PU-PH)
ALBANESE Jacques (PU-PH) Surnombre GUIEU Régis (PU-PH)
BRUDER Nicolas (PU-PH) OUAFIK L'Houcine (PU-PH)
LEONE Marc (PU-PH)
MICHEL Fabrice (PU-PH) BUFFAT Christophe (MCU-PH)
VELLY Lionel (PU-PH) FROMONOT Julien (MCU-PH)
ZIELEZKIEWICZ Laurent (PU-PH) MARLINGE Marion (MCU-PH)
MOTTOLA GHIGO Giovanna (MCU-PH)
BOUSSEN Salah Michel (MCU-PH) ROMANET Pauline (MCU-PH)
GUIDON Catherine (MCU-PH) SAVEANU Alexandru (MCU-PH)
| ANGLAIS 11 | BIOLOGIE CELLULAIRE 4403 |
FRAISSE-MANGIALOMINI Jeanne (PRCE) ROLL Patrice (PU-PH)

FRANKEL Diane (MCU-PH)

GASTALDI Marguerite (MCU-PH)
KASPI-PEZZOLI Elise (MCU-PH)
BIOLOGIE ET MEDECINE DU DEVELOPPEMENT ILEVY-MOZZICONNACCI Annie (MCU-PH)
ET DE LA REPRODUCTION ; GYNECOLOGIE MEDICALE 5405

METZLER/GUILLEMAIN Catherine (PU-PH)
PERRIN Jeanne (PU-PH)
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I BIOPHYSIQUE ET MEDECINE NUCLEAIRE 4301 I | CARDIOLOGIE 5102

GUED) Eric (PU-PH) AVIERINOS Jean-Francois (PU-PH)

GUYE Maxime (PU-PH) BONELLO Laurent (PU PH) BONNET Jean-Louis (PU-

TAIEB David (PU-PH) PH) CUISSET Thomas (PU-PH) DEHARO Jean-Claude
(PU-PH) FRANCESCHI Frédéric (PU-PH) HABIB

BELIN Pascal (PR) (69eme section) Gilbert (PU-PH) PAGANELLI Franck (PU-PH) THUNY

RANJEVA Jean-Philippe (PR) (69eme section) Franck (PU-PH)

CAMMILLERI Serge (MCU-PH) DEHARO Pierre (MCU PH)

VION-DURY Jean (MCU-PH)

| CHIRURGIE VISCERALE ET DIGESTIVE 5202

BARBACARU/PERLES Téodora Adriana (MCF) (69éme section)
BERDAH Stéphane (PU-PH)

BIOSTATISTIQUES, INFORMATIQUE MEDICALE BEYER-BERJOT Laura (PU-PH)
ET TECHNOLOGIES DE COMMUNICATION 4604 HARDWIGSEN Jean (PU-PH)
MOUTARDIER Vincent (PU-PH)
GAUDART Jean (PU-PH) SEBAG Frédéric (PU-PH)
GIORGI Roch (PU-PH) SIELEZNEFF Igor (PU-PH)
MANCINI Julien (PU-PH) TURRINI Olivier (PU-PH)
CHAUDET Hervé (MCU-PH) BEGE Thierry (MCU-PH)
DUFOUR Jean-Charles (MCU-PH) BIRNBAUM David (MCU-PH)
GIUSIANO Bernard (MCU-PH) DUCONSEIL Pauline (MCU-PH)
GUERIN Carole (MCU PH)
ABU ZAINEH Mohammad (MCF) (5éme section) MEGE Diane (MCU-PH)

BOYER Sylvie (MCF) (5eéme section)

I CHIRURGIE ORTHOPEDIQUE ET TRAUMATOLOGIQUE 5002 I

ARGENSON Jean-Noél (PU-PH) I CHIRURGIE INFANTILE 5402
BLONDEL Benjamin (PU-PH)

FLECHER Xavier (PU PH) GUYS Jean-Michel (PU-PH) Retraite le 24/09/2021
OLLIVIER Matthieu (PU-PH) FAURE Alice (PU PH)

ROCHWERGER Richard (PU-PH) JOUVE Jean-Luc (PU-PH)

TROPIANO Patrick (PU-PH) LAUNAY Franck (PU-PH)

MERROT Thierry (PU-PH)

PESENTI Sébastien (PU-PH)

VIEHWEGER Heide Elke (PU-PH) détachement
| CANCEROLOGIE ; RADIOTHERAPIE 4702 |

DARIEL Anne (MCU-PH)

BERTUCCI Francois (PU-PH)
CHINOT Olivier (PU-PH)

COWEN Didier (PU-PH) I CHIRURGIE MAXILLO-FACIALE ET STOMATOLOGIE 5503
DUFFAUD Florence (PU-PH)

GONCALVES Anthony PU-PH) CHOSSEGROS Cyrille (PU-PH)

HOUVENAEGHEL Gilles (PU-PH) GUYOT Laurent (PU-PH)

LAMBAUDIE Eric (PU-PH)

PADOVANI Laetitia (PH-PH) FOLETTI Jean-Marc (MCU-PH)

SALAS Sébastien (PU-PH)
VIENS Patrice (PU-PH)

SABATIER Renaud (MCU-PH)
TABOURET Emeline (MCU-PH)
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I CHIRURGIE THORACIQUE ET CARDIOVASCULAIRE 5103 CHIRURGIE PLASTIQUE,

COLLART Frédéric (PU-PH) RECONSTRUCTRICE ET ESTHETIQUE ; BRULOLOGIE 5004
D'JOURNO Xavier (PU-PH) BERTRAND Baptiste (PU-PH)
DODDOLI Christophe (PU-PH) CASANOVA Dominique (PU-PH)

FOUILLOUX Virginie (PU-PH)

GARIBOLDI Vlad (PU-PH)

MACE Loic (PU-PH) HAUTIER Aurélie (MCU-PH)
THOMAS Pascal (PU-PH) JALOUX Charlotte (MCU PH)

LENOIR Marien (MCU-PH)
TROUSSE Delphine (MCU-PH)

I CHIRURGIE VASCULAIRE ; MEDECINE VASCULAIRE 5104 |

ALIMI Yves (PU-PH)

AMABILE Philippe (PU-PH) EASTROENTEROLOGIE ; HEPATOLOGIE ; ADDICTOLOGIE 5203
BARTOLI Michel (PU-PH)

BOUFI Mourad (PU-PH) BARTHET Marc (PU-PH)

MAGNAN Pierre-Edouard (PU-PH) DAHAN-ALCARAZ Laetitia (PU-PH)

PIQUET Philippe (PU-PH) GEROLAMI-SANTANDREA René (PU-PH)

SARLON-BARTOLI Gabrielle (PU PH) GRANDVAL Philippe (PU-PH)

VITTON Véronique (PU-PH)
GAUDRY Marine (MCU PH)
SOLER Raphael (MCU-PH)

I HISTOLOGIE, EMBRYOLOGIE ET CYTOGENETIQUE 4202 IGONZALEZJean-MicheI ( MCU-PH)

LEPIDI Hubert (PU-PH)

PAULMYER/LACROIX Odile (MCU-PH) | GENETIQUE 4704 |
| DERMATOLOGIE - VENEREOLOGIE 5003 [BEROUD Christophe (PU-PH)
KRAHN Martin (PU-PH)
BERBIS Philippe (PU-PH) LEVY Nicolas (PU-PH)
DELAPORTE Emmanuel (PU-PH) NGYUEN Karine (PU-PH)
GAUDY/MARQUESTE Caroline (PU-PH)
GROB Jean-Jacques (PU-PH) ZATTARA/CANNONI Hélene (MCU-PH)

RICHARD/LALLEMAND Marie-Aleth (PU-PH)

| DUSI ]

COLSON Sébastien (MCF)

BOURRIQUEN Maryline (MAST) IGYNECOLOGIE-OBSTETRIQUE ; GYNECOLOGIE MEDICALE 5403'
EVANS-VIALLAT Catherine (MAST)

LUCAS Guillaume (MAST) AGOSTINI Aubert (PU-PH)

MAYEN-RODRIGUES Sandrine (MAST) BRETELLE Florence (PU-PH)

MELLINAS Marie (MAST) CARCOPINO-TUSOLI Xavier (PU-PH)

ROMAN Christophe (MAST) COURBIERE Blandine (PU-PH)

TRINQUET Laure (MAST) CRAVELLO Ludovic (PU-PH)

D'ERCOLE Claude (PU-PH)

ENDOCRINOLOGIE, DIABETE ET MALADIES METABOLIQUES ;
GYNECOLOGIE MEDICALE 5404
BRUE Thierry (PU-PH)
CASTINETTI Frédéric (PU-PH)

CUNY Thomas (MCU PH)
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I EPIDEMIOLOGIE, ECONOMIE DE LA SANTE ET PREVENTION | HEMATOLOGIE ; TRANSFUSION 4701 |

do01 I BLAISE Didier (PU-PH)
COSTELLO Régis (PU-PH)
CHIARONI Jacques (PU-PH)
GILBERT/ALESSI Marie-Christine (PU-PH)
MORANGE Pierre-Emmanuel (PU-PH)
VEY Norbert (PU-PH)

AUQUIER Pascal (PU-PH)
BERBIS Julie (PU-PH)
BOYER Laurent (PU-PH)
GENTILE Stéphanie (PU-PH)

DEVILLIER Raynier (MCU PH)

GELSI/BOYER Véronique (MCU-PH)

IBRAHIM KOSTA Manal (MCU PH)
LAFAGE/POCHITALOFF-HUVALE Marina (MCU-PH)
LOOSVELD Marie (MCU-PH)

SUCHON Pierre (MCU-PH)

VENTON (MCU-PH)

LAGOUANELLE/SIMEONI Marie-Claude (MCU-PH)
RESSEGUIER Noémie (MCU-PH)

MINVIELLE/DEVICTOR Bénédicte (MCF)(06&me section)

POGGI Marjorie (MCF) (64eme section)

| IMMUNOLOGIE 4703/

MEDECINE LEGALE ET DROIT DE LA SANTE 4603 |

KAPLANSKI Gilles (PU-PH)
MEGE Jean-Louis (PU-PH)
OLIVE Daniel (PU-PH)
VIVIER Eric (PU-PH)

BARTOLI Christophe (PU-PH)
LEONETTI Georges (PU-PH)
PELISSIER-ALICOT Anne-Laure (PU-PH)
PIERCECCHI-MARTI Marie-Dominique (PU-PH)
FERON Francois (PR) (69éme section) )

DELTEIL Clémence (MCU PH)
BOUCRAUT Joseph (MCU-PH) TUCHTAN-TORRENTS Lucile (MCU-PH)

CHRETIEN Anne-Sophie (MCU PH)
DEGEORGES/VITTE Joélle (MCU-PH)
DESPLAT/JEGO Sophie (MCU-PH)
JARROT Pierre-André (MCU PH)
ROBERT Philippe (MCU-PH)

VELY Frédéric (MCU-PH) | MEDECINE PHYSIQUE ET DE READAPTATION 4905 |

BERLAND Caroline (MCF) (1ere section)

[ MALADIES INFECTIEUSES ; MALADIES TROPICALES 4503 ] BENSOUSSAN Laurent (PU-PH)
VITON Jean-Michel (PU-PH)

BROUQUI Philippe (PU-PH)
LAGIER Jean-Christophe (PU-PH)

MILLION Matthieu (PU-PH) | MEDECINE ET SANTE AU TRAVAIL 4602 |
PAROLA Philippe (PU-PH)

STEIN Andréas (PU-PH) LEHUCHER/MICHEL Marie-Pascale (PU-PH)

ELDIN Carole (MCU-PH) SARI/MINODIER Iréne (MCU-PH)

| MEDECINE D'URGENCE 4805 |

GERBEAUX Patrick (PU PH)
KERBAUL Francois (PU-PH) détachement
MICHELET Pierre (PU-PH)

MEDECINE INTERNE ; GERIATRIE ET BIOLOGIE DU
VIEILLISSEMENT ; ADDICTOLOGIE 5301

BONIN/GUILLAUME Sylvie (PU-PH) BENYAMINE Audrey (MCU-PH)
DISDIER Patrick (PU-PH)

DURAND Jean-Marc (PU-PH)

EBBO Mikael (PU-PH)

GRANEL/REY Brigitte (PU-PH)

HARLE Jean-Robert (PU-PH)

ROSSI Pascal (PU-PH)

SCHLEINITZ Nicolas (PU-PH)
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| MEDECINE GENERALE 5303 | NEPHROLOGIE 5203 |

GENTILE Gaétan (PR Méd. Gén. Temps plein) BRUNET Philippe (PU-PH)
BURTEY Stépahne (PU-PH)

CASANOVA Ludovic (MCF Méd. Gén. Temps plein) DUSSOL Bertrand (PU-PH)
JOURDE CHICHE Noémie (PU PH)

BARGIER Jacques (MCF associé Méd. Gén. A mi-temps) MOAL Valérie (PU-PH)

FIERLING Thomas (MCF associé Méd. Gén. A mi-temps)

FORTE Jenny (MCF associé Méd. Gén. A mi-temps) ROBERT Thomas (MCU-PH)

JANCZEWSKI Aurélie (MCF associé Méd. Gén. A mi-temps)
NUSSLI Nicolas (MCF associé Méd. Gén. A mi-temps)

ROUSSEAU-DURAND Raphaélle | NEUROCHIRURGIE 4902 |
(MCF associé Méd. Gén. A mi-temps)
THERY Didier (MCF associé Méd. Gén. A mi-temps) DUFOUR Henry (PU-PH)
(nomination au 1/10/2019) FUENTES Stéphane (PU-PH)
REGIS Jean (PU-PH)
| NUTRITION 4404 | ROCHE Pierre-Hugues (PU-PH)

SCAVARDA Didier (PU-PH)
BELIARD Sophie (PU-PH)

DARMON Patrice (PU-PH) CARRON Romain (MCU PH)
RACCAH Denis (PU-PH) GRAILLON Thomas (MCU PH)
VALERO René (PU-PH) TROUDE Lucas (MCU-PH)

ATLAN Catherine (MCU-PH) disponibilité

MARANINCHI Marie (MCF) (66eme section)

NEUROLOGIE 4901 |

| ONCOLOGIE 65 (BIOLOGIE CELLULAIRE)

ATTARIAN Sharham (PU PH)
CHABANNON Christian (PR) (66eme section) AUDOIN Bertrand (PU-PH)
SOBOL Hagay (PR) (65eme section) AZULAY Jean-Philippe (PU-PH)

CECCALDI Mathieu (PU-PH)

EUSEBIO Alexandre (PU-PH)
| OPHTALMOLOGIE 5502 JFELICIAN Olivier (PU-PH)

PELLETIER Jean (PU-PH)
DAVID Thierry (PU-PH) SUISSA Laurent (PU-PH)

DENIS Daniéle (PU-PH)
MAAROUF Adil (MCU-PH)

| PEDOPSYCHIATRIE; ADDICTOLOGIE 4904

DA FONSECA David (PU-PH)
POINSO Francois (PU-PH)

| OTO-RHINO-LARYNGOLOGIE 5501 |
GUIVARCH Jokthan (MCU-PH)

DESSI Patrick (PU-PH)

FAKHRY Nicolas (PU-PH) PHARMACOLOGIE FONDAMENTALE -
GIOVANNI Antoine (PU-PH) PHARMACOLOGIE CLINIQUE; ADDICTOLOGIE 4803
LAVIEILLE Jean-Pierre (PU-PH)

MICHEL Justin (PU-PH) BLIN Olivier (PU-PH)

NICOLLAS Richard (PU-PH) MICALLEF/ROLL Joélle (PU-PH)

TRIGLIA Jean-Michel (PU-PH) Surnombre SIMON Nicolas (PU-PH)

RADULESCO Thomas (MCU-PH)

REVIS Joana (PAST) (Orthophonie) (7&éme Section) BOULAMERY Audrey (MCU-PH)
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| PARASITOLOGIE ET MYCOLOGIE 4502

| PHILOSOPHIE 17

RANQUE Stéphane (PU-PH)

CASSAGNE Carole (MCU-PH)
L'OLLIVIER Coralie (MCU-PH)
TOGA Isabelle (MCU-PH)

LE COZ Pierre (PR) (17éme section)
MATHIEU Marion (MAST)

PHYSIOLOGIE 4402

| PEDIATRIE 5401

ANDRE Nicolas (PU-PH)
BARLOGIS Vincent (PU-PH)
CHAMBOST Hervé (PU-PH)
DUBUS Jean-Christophe (PU-PH)
FABRE Alexandre (PU-PH)
GIRAUD/CHABROL Brigitte (PU-PH)
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1. INTRODUCTION

Grace aux progres thérapeutiques, I'amélioration globale du pronostic des cancers de
I’enfant et des jeunes adolescents (AJA) a eu pour conséquence une meilleure prise en compte
de la qualité de vie apres cancer. A ce jour, plus de 80% des AJA traités pour une leucémie
aiglie atteindront I’age adulte et seront guéris de leur leucémie. La guérison est cependant
souvent obtenue au prix de traitements intensifs, en particulier en cas de greffe de cellules
souches hématopoiétiques (CSH). Ces conditionnements sont schématiques réalisés soit par
une chimiothérapie comportant de hautes doses d’agents alkylants, soit d’'une combinaison
Irradiation corps entier de 12 Gy avec une chimiothérapie par alkylants. La gonadotoxicité des
conditionnements pré-greffe est particulierement élevée. L'altération de la fertilité fait partie
des séquelles importantes dans cette population.

En effet, chez la femme, la fertilité et la durée de la vie reproductive sont conditionnées
par la réserve ovarienne en follicules de réserve. La réserve ovarienne est constituée d’un
stock définitif de cellules germinales formées avant la naissance pour la totalité de la vie
reproductive. Le nombre de follicules de réserve diminue progressivement des la naissance
jusqu’a la ménopause par des phénomenes d’atrésie et d’ovulation. Ainsi toute atteinte
iatrogene et prématurée de cette réserve folliculaire peut induire une insuffisance ovarienne
prématurée (IOP) avec un risque de stérilité en cas de déplétion compléte de la réserve
ovarienne. Les schémas de chimiothérapie les plus toxiques pour les ovaires sont ceux
comportant de fortes doses d’agents alkylants, ceux-ci étant utilisés dans les
conditionnements avant greffe. D’autre part, une irradiation corporelle totale (ICT) a la dose
de 12 Gy a non seulement des conséquences sur la réserve ovarienne mais aussi sur I'utérus :
le volume utérin post-greffe serait d’autant plus réduit que la greffe a été réalisée t6t dans
I’enfance. Cependant, ces données sont issues d’études de cohortes de petite taille ou de
cohortes trés hétérogenes (pathologies motivant I'allogreffe trés diverses, traitement avant
greffe inhomogene), ce qui en rend l'interprétation difficile. De plus, il est souvent difficile de
faire la part des choses entre |'effet de l'irradiation et la carence en cestrogénes souvent
associée du fait de I'lOP.

Il existe ainsi peu d’études concernant l'impact des différents régimes de
conditionnements pré-greffes sur I'utérus, et il existe encore moins de données sur I'impact

éventuel des alkylants a forte dose utilisés pour les conditionnements a la greffe. L'étude de



Beneventi et al. [1] avait inclus 106 patientes ayant bénéficié d’'une ICT durant leur
conditionnement, associée ou non a d’autres traitements dans le cadre de plusieurs types de
cancer. Dans cette étude, I'évaluation de I'utérus avait été réalisée par échographie. Si cette
étude confirmait — en accord avec la littérature- que le volume utérin était diminué aprés ICT,
les résultats suggéraient que de fortes doses d’alkylants étaient aussi associées a une
diminution du volume utérin. Meirow et al. [2], avaient montré des phénomeénes de fibrose
dans le cortex ovarien et des altérations vasculaires ovariennes aprés traitement par alkylant ;
ainsi il nous a semblé intéressant de rechercher si des phénomeénes de fibrose surviennent

aussi dans le muscle utérin a la suite d’un traitement par fortes doses d’agents alkylants.

L'IRM est aujourd'hui lI'examen de référence reconnu pour |'étude du pelvis, réalisée
généralement en seconde intention apres I'échographie.

La fiabilité de I'IRM dans la mesure du volume utérin n’est plus a prouver mais elle pourrait
également jouer un role dans I'appréciation du niveau de fibrose a I'aide de cartographie ADC
dont les valeurs refletent la composition tissulaire [3].

On sait aujourd’hui qu’il existe une fibrose ovarienne induite par les différents
conditionnements ce qui laisse supposer que I'altération de la croissance utérine pourrait étre

liée a une fibrose utérine et modifierait ainsi les valeurs des cartographies ADC.

2. OBJECTIFS DE L’ETUDE FERTILEA

L’objectif principal de notre étude a été d’étudier par IRM pelvienne le volume utérin des
femmes adultes traitées par greffe de CSH pour une leucémie aiglie dans I’enfance en fonction

de I'age au moment de la greffe et du type de conditionnement myéloablatif.

Les objectifs secondaires étaient I’évaluation du rapport corps/col utérin en IRM et la mesure

du coefficient apparent de diffusion (ADC) dans le myométre.



3. MATERIEL ET METHODE

ETUDE
Nous avons réalisé une étude nationale multicentrique prospective entre novembre 2017 et

juin 2021, dans 16 centres hospitalo-universitaires qui suivent plus de 5 500 survivants de

leucémie aigué infantile inscrits dans la cohorte L.E.A. (Leucémie de I'Enfant et Adolescent).

POPULATION
La cohorte L.E.A. (« Leucémies de I'Enfant et de I’Adolescent ») est une cohorte prospective

multicentrique créée en 2003 a l'initiative des Professeurs Gérard MICHEL (Hématologie
Oncologie pédiatrique, Hopital Timone Enfants, Marseille) et Pascal AUQUIER (Unité EA 3279
« Santé Publique et Maladies Chroniques : Qualité de Vie, Concepts, Usages et Limites,
Déterminants », Aix-Marseille Université, Marseille). L'objectif de cette cohorte est
I’évaluation prospective des séquelles a long terme et de la qualité de vie des patients ayant
été traités pour une leucémie aigué pendant I'enfance ou I'adolescence. Au moment de

I’étude, la cohorte L.E.A. regroupait 16 centres francais, et a inclus plus de 5 000 patients.

L’étude FERTILEA est une étude collaborative initiée entre les services d’hématologie
pédiatrique, la plateforme régionale oncoPACA-Corse « Cancer et Fertilité » du CECOS de

Marseille et I'Unité d’Imagerie de la Femme du CHU de La Timone a Marseille.

Les femmes inclues dans FERTILEA étaient issues de la cohorte L.E.A. Les criteres d’inclusion
retenus pour I'inclusion dans FERTILEA ont été les suivants : Femmes agées d’au moins 18 ans,
ayant recu dans le cadre du traitement de leur leucémie aigué une greffe de cellules souches
hématopoiétiques apres conditionnement comportant une irradiation corps entier ou des
alkylants a forte dose et ayant donné leur consentement éclairé pour participer a I'étude
FERTILEA en acceptant donc de réaliser une IRM pelvienne.

Chaque cas a été apparié a un témoin (1:1) en fonction de I’age et de la parité chez des femmes
ayant réalisé une IRM pour des kystes ovariens bénins ou une pathologie pelvienne bénigne,
en excluant les femmes ayant une pathologie utérine (myomes, adénomyose) qui auraient pu

majorer la taille de 'utérus.

Le protocole FERTILEA a bénéficié d’un accord favorable du CPP Sud Méditerranée (N°IDRCB :
2017-A01596-47)



IRM
Une IRM pelvienne a été réalisée sur des appareils a 1,5 ou 3 Tesla, avec une séquence T2

dans les 3 plans de I’espace, une séquence de diffusion réalisée en systématique avec mesure

de la valeur du coefficient apparent de diffusion dans le myométre.

Les IRM ont été réalisées dans les services de radiologie attenants aux différents centres
investigateurs LEA. L'ensemble des IRM (cas et témoins) ont ensuite été centralisées pour une

lecture en aveugle par deux radiologues.

Le volume utérin a été mesuré sur les séquences T2 en s’aidant des 3 plans, selon la formule

longueur x largeur x épaisseur x 0.523 avec données en mL.
Le rapport corps/col a été obtenu sur la coupe sagittale en pondération T2.

Les valeurs d’ADC du myometre ont quant a elles étaient obtenues sur la cartographie dans le
plan axial en plagant plusieurs ROl au sein du myometre et en moyennant les valeurs obtenues

afin de diminuer une part de la fluctuation aléatoire.

STATISTIQUES
Les caractéristiques initiales des femmes ont été rapportées de maniere descriptive.

Les variables qualitatives étaient résumées a l'aide de nombres et de pourcentages et les

variables continues a |'aide de moyennes et d’erreur type de la moyenne.

Le test exact de Fisher et le x? ont été utilisés pour comparer les variables qualitatives entre

les cas et les témoins.
Les variables quantitatives ont été comparées a l'aide du test de Student.

Le volume utérin a été comparé selon les schémas de conditionnement et selon

I'imprégnation hormonale a I'aide du test t de Student.

La distribution par quartile de I'age a la greffe a été utilisée pour évaluer son impact potentiel

sur le volume utérin.
Toutes les analyses statistiques ont été réalisées a I'aide du logiciel SPSS.

Une valeur p <0.05 a été choisie pour le seuil de signification statistique.



4. RESULTATS

Nous avons inclus 88 femmes adultes de la cohorte LEA, traitées dans I'enfance pour une

leucémie aigué avec GCSH et 88 témoins indemnes de pathologie utérine.
L’age moyen dans le groupe GCSH était de 26,5 + 6,3 ans.
L'age moyen lors de la greffe était de 9,1 + 0,3 ans, avec un suivi moyen de 16,4 + 0,5 ans.

Parmi les 88 femmes incluses ayant été traitées par GCSH, deux groupes de régimes de
conditionnement ont été comparés au groupe témoin : un groupe uniquement traité par
chimiothérapie myéloablative avec forte dose d’agents alkylants (n=34) et un groupe avec
irradiation corporelle totale (n=52). Deux IRM n’étaient pas disponibles. Sur 'ensemble des
88 cas, 75 femmes ont été considérées comme ayant une imprégnation oestrogénique
satisfaisante soit par hormonothérapie substitutive (THS) chez les femmes en IOP ou soit
grace a une fonction ovarienne résiduelle chez les femmes présentant encore des

menstruations spontanées au moment de I'évaluation.

Nous avons observé une diminution significative du volume utérin a la fois dans le groupe
traité uniguement par chimiothérapie mais aussi dans le groupe avec irradiation corporelle
totale, avec respectivement 45,3 + 5,6 et 19,6 + 1,9 mL Vs 79,7 + 3,3 mL dans la population
témoin (p < 0,01). Dans le groupe « Chimiothérapie », le volume utérin était significativement
diminué chez les femmes en IOP sans traitement hormonal substitutif comparativement a
celles qui avaient une imprégnation hormonale satisfaisante (15,2 + 2,6 cVs 49,3 + 6 mL,
p <0,05). En revanche, apres irradiation corporelle totale, le volume utérin était similaire chez
toutes les femmes, sans effet positif de I'imprégnation hormonale sur le volume utérin

(respectivement 16,3 £ 2,6 Vs 20,1 + 2,2 mL).

Concernant le rapport corps/col, nous avons mis en évidence une nette diminution de ce
rapport chez les femmes de la cohorte LEA comparativement aux témoins, et ce, quel que soit
le conditionnement réalisé avant la greffe. Chez les femmes non irradiées, le rapport était a

1.3 £ 0.06 et chez les patientes irradiées a 1.3 + 0.04 versus 1.7 + 0.03 (p<0.001).

Concernant la valeur de I’ADC dans le myometre, nous avons également mis en évidence une
chute de sa valeur chez les femmes de la cohorte LEA comparativement aux témoins quel que
soit le conditionnement a la greffe. Chez les femmes du groupe « Chimiothérapie » le rapport
était de 1.2 + 0.05 et de 1.3 £ 0.03 chez les femmes du groupe ICT versus 1.5 + 0.02 x
1073 mm?/s (p<0.01).



5. DISCUSSION

Grace a une étude par IRM pelvienne dans un population homogéne de femmes traitées par
greffe de CSH, nous avons montré que les conditionnements myéloablatifs recus dans
I’enfance ou au cours de I'adolescence induisent des |ésions utérines avec un impact sur le
volume utérin a I'dge adulte qui dépend a la fois du type de conditionnement, de I'dge au

moment de la greffe et de I'imprégnation hormonale

Nous avons ainsi observé que le traitement myéloablatif par chimiothérapie contenant une
dose élevée d’agents alkylants entrainait aussi une diminution significative du volume utérin.
Dans ce sous-groupe, il existe un effet bénéfique du THS sur le développement utérin alors
que le THS est sans effet bénéfique sur le volume utérin des femmes ayant recu un

conditionnement par ICT.

Comme représenté sur la figure en annexe, il ressort également une nette différence d’impact
du traitement en fonction de I'dge, en effet, chez les patientes non irradiées I'impact sur la
croissance utérine est d’autant plus marqué qu’il survient té6t dans I'enfance. Chez les
patientes irradiées nous trouvons des résultats inverses ou l'impact est d’autant plus
important que le traitement survient tard. Une des hypotheéses formulées serait un
mécanisme de toxicité différente de l'irradiation et des alkylants avec un effet toxique des

alkylants plus marqué sur les utérus matures et différenciés.

Les cas de I'étude FERTILEA présentent un volume utérin moyen de 29.8 mL (5.8 x 2.4 x

3.3 mm) alors que les cas mesurent en moyenne 79.7 mL (8.1 x 3.7 x 4.8 mm).

Les études s’étant précédemment intéressées au volume de l'utérus témoignent d’une
différence notable de volume selon la parité et I'dge ce qui explique le choix d’appariement

sur ces deux critéres dans I'étude.

Dans « Place de I’échographie dans le bilan d’infertilité » de H. Marret et J. Lansac [4], il est
donné des mensurations moyennes chez la nullipare de 6.5 x 3 x 4 mm et chez la multipare de
8 x 4 x 6 mm ce qui donne des volumes compris entre 40 et 90 mL selon le statut de parité ce

qui est en accord avec nos données.



Dans I'étude de Kelsey et al. de 2016 [5], le volume utérin obtenu par IRM ou échographie
selon les patientes a une valeur moyenne comprise entre 50 et 80 mL selon I'dge dans cette

étude ou I'analyse a été effectuée en fonction de I'dge et non du statut de parité.

Ainsi, nos données sont en accord avec celles avancées précédemment et présentent une

bonne fiabilité apportée par I'emploi systématique de I'IRM.

L'analyse secondaire réalisée sur les séquences de diffusion a mis en évidence une
modification de composition du tissu utérin quel que soit le conditionnement a la greffe qui

laisserait suggérer un mécanisme de fibrose.

Cependant, la valeur de I’ADC au sein du myometre présente une importante variabilité inter-
observateur, et ce, d’autant plus que I'épaisseur myométriale diminue, comme c’est le cas de

nombreuses patientes de notre étude.

En raison du nombre trop faible de femmes ayant été enceintes dans chaque groupe, I'impact
obstétrical en fonction du conditionnement n’a pas pu étre étudié. Ainsi, il n’a pas été possible
de réaliser une corrélation entre les données d’imagerie et le devenir obstétrical des

patientes.



6. CONCLUSION

Cette étude est la premiére a avoir analysé par IRM pelvienne I'impact sur I'utérus du type de
conditionnement pré-greffe. Ainsi, si I'impact de I'ICT sur I'utérus était déja bien décrit, nos
résultats confirment les résultats des deux seules études publiées de Beneventi et al. (2015)
[1] et de van de Loo et al. (2019) [6] qui rapportaient aprés échographie pelvienne une
diminution du volume utérin aprés conditionnement uniquement par alkylants. Dans ce
groupe de femmes, la diminution du volume utérin est partiellement compensée par une
imprégnation oestrogénique satisfaisante, donnant des arguments supplémentaires pour
encourager une bonne observance a un THS en cas d’IOP, en plus des bénéfices
cardiovasculaires et sur I'ostéoporose. Ces résultats sont d’une importance capitale pour les
médecins de la reproduction amenés a prendre en charge ces femmes dans des procédures
de FIV par don d’ovocytes.

Il faudra cependant faire d'autres études pour étudier I'impact obstétricale des modifications

de volume utérin et du myometre observés en IRM

Jusgu’a présent, les techniques de préservation de la fertilité se sont surtout intéressées aux

techniques de cryoconservation de tissu ovarien ou des ovocytes.

Au vu de nos résultats, il semblerait aussi intéressant de développer des mesures préventives
pour limiter les dommages des traitements myéloablatifs sur I'utérus et afin d’améliorer les
chances d’implantation embryonnaire et limiter I'impact obstétrical lié a la diminution du

volume utérin .
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ABSTRACT

Study question: What is the impact of the type of myeloablative conditioning (MAC)
regimen applied for hematopoietic stem cell transplantation (HSCT) on uterine volume of
childhood leukemia survivors?

Summary answer: Uterine volume is significantly decreased after HSCT. Not only Total
Body Irradiation (TBI)- based regimens, but also high-dose chemotherapy-based regimens
containing alkylating agents induce uterine damage.

What is known already: Premature ovarian insufficiency (POI) after HSCT is well known,
as well as the uterine damage induced by TBI on uterine volume. A few studies have reported
smaller uterus after HSCT in women treated with chemotherapy only. In these studies, uterus
volume was assessed by a transabdominal and/or transvaginal ultrasonography, and primary
diagnosis, age at treatment and chemotherapy regimen were heterogeneous. These
preliminary results suggested that alkylating agents could induce uterine damage, as well as
they induce fibrosis and vascular damage in ovarian stroma. The impact of chemotherapy on
myometrium and uterus is still few investigated.

Study design, size, duration: A prospective multicentric national study was conducted
between 2017, November and 2021, June in 16 University Teaching Hospitals that are
following more than 5 500 childhood acute leukemia survivors enrolled in the L.E.A cohort.
We included 88 adult women treated for a childhood acute leukemia with HSCT and who
agreed a pelvic MRI assessment. Every case was matched 1:1 to control women who
underwent MRI for benign ovarian cysts or benign pelvic pathology.
Participants/materials/setting, methods: Pelvic MRI scans were performed with a 1.5 or 3T
magnetic resonance scanner, including diffusion-weighted imaging sequences. Scans were

centralized for a double-blinded lecture by two radiologists. The main endpoint was the

https://academic.oup.com/humrep 18
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uterine volume. The secondary endpoints were uterine body-to-cervix ratio and apparent
diffusion coefficient (ADC).

Main results and the role of chance: Mean age in HSCT group was 26.5 + 6.3 years. Mean
age at HSCT was 9.1 + 0.3 years with a mean follow-up of 16.4 + 0.5 years. In the 88 women
included, two groups of conditioning regimens have been compared to the control group (n =
88): a chemotherapy-only MAC regimen group with high dose of alkylating agents (n=34)
and one TBI-based regimen group (n=54). Among them, 77 women were considered as
having a “correct hormonal balance” with estrogens, by hormone replacement therapy (HRT)
for POI or thanks to a residual ovarian function. Uterine volume was significantly decreased
both after chemotherapy-only MAC regimen and after TBI, with respectively 45.3 + 5.6 and
19.6 + 1.9 mL Vs 79.7 + 3.3 mL in control population (p < 0.0001), corresponding to a
reduced uterine volume of 43.1 % [28.8 — 57.4] after chemotherapy and 75.3 % [70.5 — 80.2]
after TBI. After chemotherapy-only MAC regimen, uterine volume was dramatically
decreased in POI women without HRT compared to those having a correct hormonal balance
(15.2+2.6 Vs 49.3 + 6 mL, p <0.05). In contrast, after TBI, uterine volume was similar in all
women, with no positive effect of hormonal impregnation on uterine volume (respectively
16.3+2.6 Vs 20.1 + 2.2 mL).

Limitations, reasons for caution: The number of pregnancies obtained spontaneously or
after oocyte donation in our study population was too low to evaluate the obstetrical impact of
uterine damage caused by non-TBI regimens.

Wider implications of the findings (50): Our results provide strong evidence that a MAC
regimen containing high dose of alkylating agents could induce uterine damage. In these sub-
group of women, HRT increases the volume of the uterus compared to non-treated women.

After TBI, uterine volume is dramatically decreased, with no benefit of HRT on it.

https://academic.oup.com/humrep 19
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Study funding / competing interest(s): The FERTILEA study was funded by La Ligue
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Trial registration number: ClinicalTrials.gov/NCT 03583294
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Introduction

With the improvement of their survival rates, the reproductive outcome of childhood
cancer survivors emerged as a main issue for their long-term quality of life (Diesch-Furlanetto
et al., 2021). Hematopoietic stem cell transplantation (HSCT) is widely used to treat
malignant and non-malignant hematological or immunological diseases, including the most
severe forms of childhood acute leukemia. (AL). Before HSCT, a myeloablative conditioning
(MAC) regimen is essential to eradicate malignant disease and to induce a sufficient
immunoablation to prevent graft rejection (Gyurkocza and Sandmaier, 2014). In childhood
AL, the choice of MAC depends on the type of leukemia, the remission status, and the graft
source. Briefly, in AL, the commonly MAC regimens used are either chemotherapy plus total
body irradiation (TBI-based regimens) or a combination of high-dose chemotherapy-based
regimen containing alkylating agents such as busulfan, cyclophosphamide, melphalan or
thiotepa (non-TBI-based regimen) (Gooptu et al., 2018).

The gonadotoxicity of high-dose MAC has been well described, inducing a massive loss
of ovarian reserve. A study conducted in the PanCareLIFE cohort showed that Fertility
impairment after childhood cancer was associated with the following treatments: busulfan,
carmustine, cyclophosphamide, melphalan, procarbazine, lower abdominal radiotherapy and
TBI (van den Berg et al., 2021).The potential reproductive life span in women will depend on
the quantity of remaining post-chemotherapy ovarian primordial follicles with a high risk of
premature ovarian insufficiency (POI) and infertility. In the study of Thibaud et al., 80 % of
girls aged between 3.5 and 17.5 years presented a POI with permanent amenorrhea six years
after TBI (Thibaud ef al., 1998).

The mechanisms of ovarian damage depend on the chemotherapy agent (Spears ef al.,
2019). Alkylating agents are the most gonadotoxic agents, inducing dose-dependent direct

damage on follicles of ovarian reserve through DNA double strand breaks and oocyte
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apoptosis (Bedoschi et al., 2016). In addition to this direct massive apoptosis, Kalich-
Pilosoph et al. (2013) described the “burn-out” theory: alkylating agents would increase the
loss of ovarian reserve, by activating the growth of quiescent primordial follicles through the
phosphatidylinositol 3-kinase signaling pathway (Kalich-Philosoph et al., 2013). Moreover,
histologic analysis showed microvascular changes in ovarian stroma, with thickening and
hyalinization of blood vessels with focal ovarian fibrosis in chemotherapy-exposed ovaries
(Meirow et al., 2007).

TBI-based regimens induce radiation damage both on ovaries and uterus. Reduced
uterine volume after childhood TBI has been described, probably throughout radiation -
induced fibrosis and uterine vasculature damage (Holm et al., 1999; Beneventi et al., 2014;
Rozen et al., 2020). Although spontaneous pregnancies are described after TBI-based
regimens, the risk of adverse obstetrical outcome is high: spontaneous miscarriages, abnormal
placentation, small for gestational age, preterm birth, low birth weight, risk of uterine rupture
(Griffiths et al., 2020).

At our knowledge, adverse obstetrical outcome after HSCT have been only reported after
TBI-based regimens and little is known about pregnancy outcome after HSCT with non-TBI-
based regimens. A few studies have observed smaller uterus after HSCT in women treated
with non-TBI regimens. In the studies of Holm et al. (1999) and Beneventi et al. (2015),
uterus volume was assessed by a transabdominal and/or transvaginal ultrasonography, and
primary diagnosis, age at treatment and MAC regimen were heterogeneous (Holm et al.,
1999; Beneventi et al., 2015). The study of van de Loo et al. (2019) observed a reduced
uterine volume in non-radiotherapy -exposed childhood cancer survivors compared to a
general population control group (van de Loo et al., 2019). These results suggested that
alkylating agents could induce uterine damage, as well as they induce fibrosis and vascular

damage in ovarian stroma. The impact of chemotherapy on myometrium and uterus is still
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poorly investigated. As highlighted by the systematic review of Griffiths et al. (2020), little is
known concerning the precise damage induced to uterus by cancer treatments.

The objectives of our study were (7) to study the impact of the type of MAC regimen on
uterus from a homogeneous cohort of childhood leukemia survivors, (i7) to study the impact
of the age at HSCT on the uterus, (ii) to study the influence of hormonal replacement therapy
(HRT) on uterus after HSCT.

Materials and methods
Study population

The L.E.A (Leucémies de I’Enfant et de I’Adolescent) cohort is a French prospective
multicentric cohort of childhood acute leukemia long-term survivors. The L.E.A cohort
includes more than 5 500 patients treated for childhood AL since 1980. Details of the program
have been described previously (Berbis et al., 2015). The prospective multicentric national
FERTILEA study was proposed to sixteen University Teaching Hospitals participating to the
LEA program and was conducted between 2017, November and 2021, June.

Eligible women to FERTILEA study met the following criteria: (1) adult women > 18
years of age participating in the LEA cohort (2) who underwent HSCT during childhood or
adolescence for AL (3) after a MAC regimen including either TBI or a chemotherapy-only
regimen with high dose of alkylating agents, (4) who agreed a pelvic MRI assessment. A
medical consultation with a physician specialized in oncofertility was proposed after MRI to
evaluate the ovarian function and the observance to hormonal replacement therapy in case of
POI. All women provided written informed consent.

The LEA database contains detailed information about each case concerning the type of
acute leukemia, antileukemic therapies (including the MAC protocols before HSCT), the

stage of pubertal development before HSCT, the age of spontaneous puberty or the age at
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induction of puberty, age of onset premature ovarian insufficiency (POI), the prescription and
observance to hormone replacement therapy (HRT),
MAC regimens before HSCT

MAC regimen depended on protocols in use at the time of HSCT, underlying diseases and
their status, and history of previous CNS irradiation. Overall, 54 women had received a total-
body irradiation (TBI) containing regimen and 34 a chemotherapy-only MAC regimen group.
Most women prepared with TBI (47/54, 87%) were treated with the commonly used French
radiation regimen: they received a total dose of 12 Gy divided in 6 fractions (i.e. 2 Gy twice
daily during 3 days) with lung shielding at 8 Gy. Only 7 other women received a fractionated
10 to 11 Gy total dose. The cytostatic drugs used in association with TBI were:
cyclosphosphamide only for 30 patients, cyclophosphamide and fludarabine in 2, cytarabine
and melphalan for 15 and etoposide in 7 patients. Mean calculated cumulative alkylating dose
per patient, using the cyclophosphamide equivalent dose (CED) was 3 834 mg/m? (range: 0 to
11435) (Green et al., 2014). All 34 women who did not received TBI were given busulfan
(BU) at a myeloablative dose except one girl who had melphalan. BU was given per os or [V
in 16 divided doses (4 doses per day for 4 days) for a total dose of 16 mg/kg or 480 mg/m?
when given per os, and according to a previously published weight-based strategy when given
IV. When prepared with a BU-containing regimen, patients also received cyclophosphamide
(24 patients), melphalan (4 patients) or fludarabine (alone or in combination with thiotepa: 5
patients). In the chemotherapy-only MAC regimen group, mean cumulative CED dose was 11
217 mg/m? + 4461 (range: 4 235 to 29 470).
MRI scan

Pelvic MRI scans were performed with a 1.5-T or 3 T magnetic resonance scanner,
including diffusion-weighted imaging sequences. MR images were sent and centralized in the

radiology department of the principal investigator for a double-blinded evaluation by two
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radiologists specialized in gynecology. MRI exam contained a T2-weighted in all 3
planes (sagittal, coronal and axial) and a Diffusion-weighted imaging (DWI) with apparent
diffusion coefficient (ADC) maps in the axial plane. DWI is based on the intravoxel
incoherent motion and has been used for the noninvasive quantification of the diffusion of
water molecules in tissue, which is quantified by calculation of ADC. Several studies have
demonstrated a significant negative correlation between ADC and the fibrosis in cirrhotic
liver (Charatcharoenwitthaya et al., 2021) and a study showed a decrease in ADC values in
the menopausal myometrium (Chen et al., 2015). Knowing the variation of myometrial ADC
according to genital activity and the known decrease in ADC values in fibrosis of other
organs, we assume in our study that a decrease in ADC values could be demonstrated in
women with uterine fibrosis. Every case was matched 1:1 according to age and parity to
control women enrolled in the radiology department of the principal investigator. Control
group was composed of women between 18 and 40 years, without uterine pathology who
underwent a pelvic MRI during study period. Controls were excluded in case of uterine
pathology as adenomyosis, fibroids. The following parameters were recorded: uterine volume
measured on T2 weighted (anteroposterior x transverse x craniocaudal dimensions) / 2) and
uterine body-to-cervix ratio. ADC values of the myometrium were measured on an ADC map
by placing two regions of interest (ROI). We measured two ROIs and used the averaged
value, rather than just one ROI, to reduce random variability in the measurements. All case
data have been analyzed with a double-blind lecture by two independent radiologists, without
knowing any information concerning the type of MAC regimen.
Study endpoints

The main study endpoint was the uterine volume. The secondary endpoints were uterine
body-to-cervix ratio and ADC ( x 1073 mm?/s). The data collected were type of acute

leukemia, type of MAC, age at HSCT, chronic graft-versus-host disease (cGVHD),
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spontaneous puberty or puberty induction, hormonal status at the time of the study (premature
ovarian insufficiency or spontaneous menstruations), Hormonal Replacement Therapy (HRT)
or not in case of POI, spontaneous pregnancy or ART pregnancy and follow-up (early
miscarriage before 12 weeks of gestation late miscarriage between 12 and 22 weeks of
gestation, live birth). According to The International Glossary on Infertility and Fertility Care,
Premature ovarian insufficiency (POI) was defined as a condition characterized by
hypergonadotropic hypogonadism in women younger than age 40 years. Live birth was
defined by a live birth after 22 weeks of gestation (Zegers-Hochschild ez al., 2017). Chronic
GVHD grading was based on the national institutes of health consensus conference criteria
(Jagasia et al., 2015).

We defined two subgroups of women for evaluating the independent effects of the type of
MAC: a group of women with hypoestrogenism composed by POI women non-treated with
HRT and a group having a “correct hormonal balance” composed by women treated with
hormone replacement therapy (HRT) for POI and women still having a persistent ovarian
function with spontaneous periods.

Statistical analysis

Women baseline characteristics were reported descriptively. Categorical variables were
summarized using counts and percentages and continuous variables using means and standard
error of mean (SEM). Fischer’s exact and y? tests were used to compare qualitative variables
among HSCT and control group. Quantitative variables were compared using the Student’s t-
test. Uterine volume was compared according to preparative regimens before transplantation
and according to hormonal impregnation using Student’s t-test. The quartile distribution of
age at HSCT was used to assess its potential impact on uterine volume. All statistical analysis
was conducted using SPSS software. A p value <.05 was chosen for the statistical significance

threshold.
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Ethics

Written informed consent was obtained from every woman. The study was approved by the
local ethical committee (N°IDRCB : 2017-A01596-47) and was registered
at ClinicalTrials.gov/ NCT 03583294
Results
Women characteristics

Ten LEA centers have included 88 women during the study period. Their mean age was
26.5 + 6.3 years. Mean age at HSCT was 9.1 + 0.3 years with a mean follow-up of 16.4 + 0.5
years. Among them, 56 were treated for lymphoblastic AL (ALL) and 32 for myeloid AL
(AML). Women, disease, and transplant characteristics are summarized in table 1. Among the
88 women included in HSCT group, two groups of conditioning regimens have been
compared to the control group: a chemotherapy-only MAC regimen group with high dose of
alkylating agents (n=34) and one TBI-based regimen group (n=54). In this last group, two
MRI scans were not available. Among HSCT group, 77 women were considered as having a
correct hormonal estroprogestative balance with hormone replacement therapy (HRT) in case
of premature ovarian insufficiency (POI) (n = 60) or in case of a persistent ovarian function
with spontaneous menstruations (n = 17).
Primary endpoint

The table 2 report the uterine volume according to the type of MAC regimen. Uterine
volume was significantly decreased of 62.6 % [55.5 — 69.6] in childhood AL survivors, with
respectively 45.3 + 5.6 after chemotherapy-only MAC regimen and 19.6 + 1.9 mL after TBI
vs 79.7 + 3.3 mL in control population (p < 0.0001). In other words, our results showed that
uterine volume was reduced of 43.1 % [28.8 — 57.4] after chemotherapy-only MAC regimen
and of 75.3 % [70.5 — 80.2] after TBI. The Figure 1 shows the uterine volume according to

MAC regimen and the hormonal status. In chemotherapy-only MAC regimen group, uterine

https://academic.oup.com/humrep 27



328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

Draft Manuscript Submitted to Human Reproduction for Peer Review Page 16 of 34

volume was dramatically decreased in POl women without HRT compared to those having a
hormonal impregnation (15.2 + 2.6 Vs 49.3 + 6 mL, p <0.05). However, despite a correct
hormonal balance, uterine volume was still decreased compared to control group. By contrast,
after TBI, uterine volume was similar in all women, with no positive effect of hormonal
impregnation on uterine volume (respectively 16.3 + 2.6 Vs 20.1 + 2.2 mL).

We observed a significant impact of age at HSCT on uterine volume. Because spontaneous
menarche is among 12, we hypothesized a threshold at 9 years, below which pre-HSCT
hormonal impregnation with endogenous estrogens is unlikely. In the TBI-containing regimen
group, uterus volume was significantly decreased in case of TBI before 9 years old with
respectively 14.1 + 2.8 mL before 9 (n = 26) Vs. 25.1 + 2.1 mL after (n = 26) (p=0.00). In
chemotherapy-only MAC regimen group, the uterus volume decreased in case of HSCT after
9 years, with respectively 71.5 + 11.8 mL before 9 (n=11) Vs. 32.8 mL + 4.2 mL after (n =
23, p =0.009). This difference remained significant with a threshold at 12 years (p < 0.05).
The figure 2 shows the uterine volume throughout age (using the quartile distribution) in the
two conditioning regimen groups. In chemotherapy-only MAC regimen, the uterine volume
decreases significantly in case of HSCT after 10 years. In contrast, in TBI group, the uterine
volume is significantly smaller if TBI is performed in childhood before 10 years of age.

We didn’t observe any impact of a cGVHD on uterine volume. In the chemotherapy-only
group, we did not observe a correlation between CED and the uterine volume, as there were
too few women exposed to doses significantly different from the average of 11 217 mg/m2
(See Supplementary material 1).

Secondary outcomes

Uterine body-to-cervix ratio was significantly decreased both after chemotherapy-only

MAC regimen and after TBI, with respectively 1.3 + 0.06 and + 1.3 +0.04 Vs 1.7 + 0.03 in

control population (p < 0.001). ADC values of the myometrium was significantly decreased
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both after chemotherapy-only MAC regimen and after TBI, with respectively 1.2 + 0.05 and
1.3+0.03 Vs 1.5 +0.02 x 103 mm?/s in control population (p < 0.01).
Follow-up

Among the 88 cases, 44 of them were living in a couple and 22 (25%) were planning to
have a child. Table 3 resumes pregnancy outcome for included AL survivor women who
conceived. A total of 18 women (20.4 %) reported at least one pregnancy for a total of 8 live-
births: 14 women had at least one spontaneous pregnancy leading to 6 live-births. Only
women of the chemotherapy -only MAC regimen group obtained a live-birth after
spontaneous pregnancy. In the TBI regimen group, 3 women conceived after oocytes donation
with one miscarriage and two live-births, and one woman had an early miscarriage after
artificial insemination. Among the 15.9 % of women (n= 14) of the cohort who reported a
spontaneous pregnancy, 4 pregnancies weren’t planned, and let to a medical abortion, 3
women had at least one child with a total of 6 live-births, 7 were childless after miscarriages.
Among the spontaneous pregnancies, we observed a total of 6 early miscarriage and 11 late
miscarriages. Thus, there were significantly more live-births in the only chemotherapy group
than in the TBI group: 60% Vs 11% (0.03).
Discussion

This study is the first study assessing uterine volume with MRI in a large and

homogeneous cohort of childhood leukemia survivors who received HSCT after myélo-
ablative conditioning regimen. Our study provides strong evidence that a MAC regimen
containing high dose of alkylating agents could induce uterine damage. In these sub-group
only, HRT increases the volume of the uterus compared to non-treated women, but despite a
“correct hormonal balance”, uterine volume remained smaller compared to control group.

After TBI, our results are also in accordance with all the previous studies that reported that
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uterine volume is dramatically decreased in case of TBI before puberty, with no benefit of
HRT on it (Rozen et al., 2020).

We also reported for the first time a significant decreased signal on ADC in the
myometrium after HSCT compared to controls whatever the MAC regimen. These results
suggest a phenomenon of fibrosis induced by MAC regimen. ADC measurement has been
described by some authors as a non-invasive tool able to diagnose cirrhosis in patients with
chronic viral hepatitis (Charatcharoenwitthaya et al., 2021). The diffusion-weighted imaging
(DWI) in magnetic resonance imaging (MRI) of the pelvis is growing of interest in
gynecology for studying malignancies and benign pelvic pathologies. The review of Duarte et
al. (2018) underlines however about the potential pitfalls of using DWI to evaluate the uterus
(Duarte et al., 2018). For example, in the endometrium, ADC values are lower in the
menstrual phase and in menopausal women (Chen ef al., 2015), and are increased in case of
oral contraceptives treatment. Moreover, the ADC value is difficult to interpret in small-
volume uteri due to the difficulty of placing the ROI in the myometrium and its suboptimal
diameter.

Very surprising were our results on the impact of the type of MAC regimen according to
age. Because of the double-blind measurement methodology by specialist radiologists, we do
not believe that there is any bias in these results. The strength of our study is to have included
a homogeneous population of cases, all treated for the same pathology with similar MAC
regimens. Thus, in children and young adolescents, the uterine volume would decrease after a
post-puberty exposure to high dose of alkylating agents, whereas after TBI containing
regimen, the uterine volume is decreased when the irradiation took place early before puberty.
We may do the hypothesis that the mechanisms of damage on myometer are quite different

between radiation and chemotherapy.
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The higher vulnerability of the prepubertal uterus exposed to uterine radiation is already
well reported, due to early fibrosis induced by radiotherapy and alterations in blood supply.
Uterus changes would appear in the 3 months after pelvic radiotherapy. The study of Arrivé et
al. (1989) included 23 women in a mean of 4.1 months after pelvic radiotherapy and 30 age-
matched controls (Arrivé et al., 1989). MRI characteristics were correlated with a post-
hysterectomy anatomopathological assay in 4 pre-menopausal and 3 menopausal women. In
pre-menopausal females, uterine size and endometrial thickness were significantly decreased
and histologic findings reported atrophy and fibrosis into myometrium as well as
circumferentially thickened blood vessels with decreased lumen diameter. After studying
MRI data before and after pelvic radiotherapy for rectal cancer in 10 women, Milgrom et al.
(2013) also suggested an indirect effect via a reduced perfusion of the pre-menopausal
myometrium after RT, in addition on the direct impact of RT on uterus (Milgrom et al.,
2013). In case of TBI, the uterus is more vulnerable before puberty, when it hasn’t been
“impregnated” by endogenous estrogens. Despite that induction of puberty and HRT until 50
years are necessaries for the development of the children with hypogonadism into woman, the
quality of life, the prevention against cardiovascular disease and osteoporosis (Sullivan ef al.,
2016), we didn’t observe a positive impact of HRT on the adult uterine volume. Those results
are in accordance with previous literature (Bath et al., 1999; Holm et al., 1999; Beneventi et
al., 2015).

Until recently, only radiotherapy was known to induce damage on the uterus and to have
consequences on the obstetrical outcome after cancer. In a case-control study, Beneventi et al.
(2015) have compared 127 women treated with HSCT during childhood to 64 age-matched
control. The cases were composed by numerous types of malignant and nonmalignant
hematologic diseases, solid tumors leading to a heterogeneous population of post-HSCT

survivors, exposed to various chemotherapy protocols. This study was the first to observe a
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significant impact of MAC regimen using busulfan on adult uterine size. The authors reported
that uterine volume was reduced by 81.9% (95 % CI, 71.8 — 87.8) after TBI and by 67.4 %
(95 % CI, 58.5 — 75.6) after a busulfan conditioning regimen, compared with women who had
not receive a MAC. However, this study used only a two-dimensional ultrasound assessment
of the uterus. For calculating uterine volume, they measured a straight line from the external
orificium to the uterine fundus, instead to measure the anatomical length of the uterus which
takes into account the angulation of the uterine body in relation to the cervix (i.e. including
the measurement of the cervix length and then the uterine isthmus at the fundus). This
measurement technique may have underestimated the final calculated uterine volume.

The study of Van de Loo et al. (2019) studied uterine volume by 3D transvaginal
ultrasound in 55 childhood cancer survivors (CCCs) previously exposed to abdominal-pelvic
radiotherapy or TBI and compared them with two control groups: female CCCs non exposed
to radiotherapy and healthy women. They observed that uterine volume was smaller in the
group of CCS non-exposed to RT Vs healthy women (OR 2.61, 95% CI 1.15 —-5.91).
However, the cases were heterogeneous with different types of cancers and numerous
chemotherapy protocols and/or level of radiotherapy dose (van de Loo et al., 2019).

Little is known about uterus changes after chemotherapy (Griffiths ez al., 2020). Our study
suggested an impact of alkylating agents on myometer after a puberty exposure on the
volume. The ADC value was decreased too, suggesting an architectural reorganization of the
tissue and a possibly chemotherapy-induced fibrosis.

POI and the subsequent hypoestrogenic state could be a confounding factor in women who
haven’t a good observance to HRT. We eliminated this bias and showed a dramatic decrease
of uterine volume in POI women without HRT, compared to women with POI and HRT and
women still having spontaneous menstruations. However, in this last group, uterine volume

was still significantly decreased compared to control group. In contrast to the TBI group, the
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uterus exposed to high dose of chemotherapy is increased in case of HRT or in women still
having a persistent ovarian function. We lack data to explain why uterine volume would be
less affected in case of chemotherapy exposure before puberty. Perhaps alkylating agents
would be more cytotoxic on a pubertal growing uterus with multiplying myometrial cells.
Although we did not find any bias in our study that could explain this paradoxical result
compared to the published data for TBI, these results deserve to be confirmed by other
studies.

The strengths of our study were to have had access to the large French database L.E.A,
with a homogeneous population of LA survivors with standardized MAC regimens, the
double-blinded MRI analysis in a single investigator center, excluding inter-examiner
variability, comparison 1:1 with control women. Moreover, we can also state that the impact
of the MAC regimen on the uterus volume is not due to the POI-induced hypoestrogenism.
The limitation of our study is that we haven’t enough data to correlate age at HSCT, MAC
regimen, uterine volume with the chance of spontaneous fertility and the obstetrical outcome.

POI and fertility impairment are the most frequent endocrine sequelae in AL female
survivors, with a long-term impact on quality of life (Diesch-Furlanetto ef al., 2021). Fertility
preservation in AL raises specific challenges, specially before puberty: the autograft of
ovarian tissue cryopreserved before HSCT still remain debated because the risk of MRD
reintroduction (Courbiere et al., 2010; Dolmans et al., 2010). Some live-births after ovarian
tissue autotransplantation have been reported in AL survivors (Shapira et al., 2018; Sonmezer
et al., 2020), but this indication of autograft needs maximal safety measures (Meirow et al.,
2016; Soares et al., 2017; Zver et al., 2022). Thus, in those complex situations of childhood
AL female survivors who ask for a transplantation of frozen-thawed ovarian tissue, the quality
of the post-HSCT uterus must be assess the best as possible to evaluate the obstetrical risk and

the chances of obtaining a live birth. In our study, 21.4 % of the AL survivors had undergone
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an ovarian cryopreservation before HSCT, so we can bet that the demand for ovarian
autograft will increase in the coming years.

Given the high incidence of POI after HSCT and the risk of infertility, oocyte donation is
often the best strategy for those age-reproductive women who want to have a child. The
question of the impact of the MAC on the uterus is therefore of major importance for the
cancer survivor women wishing to have a child via oocyte donation. The outcome of the
pregnancy will depend in part on the volume and the vascularization of the uterus. When TBI
occurs in childhood, the reduction of uterus volume seems irreversible even with a correct
HRT. This population present a high risk of obstetrical adverse outcome as early and late
miscarriage, preterm birth, small for gestational age (van de Loo et al., 2019). Data upon
pregnancy outcome after chemotherapy-only MAC regimens are scarce. van de Loo et al.
(2019) reported an increased risk of preterm delivery (<37 wk) in non-radiotherapy-exposed
Childhood Cancer Survivors Vs population control (OR =4.21, 95 % CI 1.02-17.32). In a
study that included only 8 POI women after chemotherapy, Sauer et al. (1994) reported a high
miscarriage rate (57.4%) after oocyte donation in childhood cancer survivors (Sauer et al.,
1994). In a study including 44 women in a program of oocyte donation after an history of
chemotherapy, Munoz et al. (2015) didn’t observe any differences concerning the miscarriage
rate and the delivery rates Vs unexposed women (Mufioz et al., 2015).

To better understand the impact of cancer treatments on the uterus is very important for
counselling POI women who would ask for oocyte donation or a frozen-thawed ovarian
transplantation. In case of oocyte donation in childhood cancer survivor, a policy of single
embryo transfer must be advised, especially in case of decreased uterine volume.

Conclusion
Our study adds supplementary data to the studies of Sauer et al (1994), Beneventi et al.

(2015) and van de Loo et al. (2019) concerning a probable impact of chemotherapy on the
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myometrium and uterine volume. However, we need further studies to correlate MRI findings
with pregnancy outcome. We have also to study if there’s factors associated with an
individual variability in radiation sensitivity. These new data are very important for
counselling women who want to conceive with oocyte donation or with frozen-thawed
ovarian tissue. To date, a lot has been developed for preserving female fertility against
ovarian toxicity with development of oocyte vitrification, ovarian tissue cryopreservation
(ESHRE Guideline Group on Female Fertility Preservation et al., 2020). For future, we need
to develop also measures for preventing radiotherapy- and chemo-damage on uterus for
giving the best chances to women to obtain a live-birth with the lowest obstetrical morbidity.
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Table 1: FERTILEA study population. Hematopoietic Stem Cell Transplantation (HSCT)
childhood survivors’ characteristics (n = 88). Values are presented as number (percentage),
unless indicated otherwise. MAC = Myeloablative Conditioning; TBI = Total Body
Irradiation

Table 2: Comparison of MRI parameters of the uterus according to the type of myeloablative
conditioning (MAC) regimen vs control goup. TBI = Total Body Irradation

ADC = apparent diffusion coefficient.

Table 3: Pregnancy outcome in the AL survivor women who conceived (n = 18) according to
the type of myeloablative conditioning (MAC) regimen. Values are presented as number
(percentage). MAC = Myeloablative Conditioning; TBI = Total Body Irradiation.

Figure 1: Uterine volume according to the MAC regimen and the hormonal status: POI
women non-treated with hormone replacement therapy (HRT) Vs women having a “correct
hormonal balance” composed by women treated with HRT for POI and women still having a
persistent ovarian function with spontaneous periods.

Figure 2: Effect of age at HSCT (using a quartile distribution) on uterine volume by type of
MAC regimen.

Supplementary material 1: Correlation between Uterine volume and the mean calculated
cumulative alkylating dose per patient, using the cyclophosphamide equivalent dose (CED) in

Chemotherapy-only MAC regimen group (n = 34).
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Table 1: FERTILEA study population. Hematopoietic Stem Cell Transplantation (HSCT)

childhood survivors’ characteristics (n = 88). Values are presented as number (percentage),

unless indicated otherwise. MAC = Myeloablative Conditioning; TBI = Total Body

Irradiation
FERTILEA study population Total Chemotherapy- TBI p
(n =88) only MAC
regimen
Type of Leukemia
Lymphoblastic acute leukemia 56 (64) 8 (24) 48 (89) <.0001
Myeloid acute leukemia 32 (36) 26 (76) 6(11)
Type of HSCT
Autograft 10 (11) 4(12) 6(11) NS
Allograft 78 (89) 30 (88) 48 (89)
Age at HSCT
<9 years 21 (43) 11 (32) 27 (50) NS
> =9 years 67 (57) 23 (68) 27 (50)
MAC regimen before HSCT 88 34 54
Chronic Graft-versus-Host 47 (55) 16 (47) 31 (60) NS
Disease
Ovarian tissue cryopreservation
before HSCT 18 (21) 8 (25) 10 (19) NS
Parenting plan at the time of 22 (28) 5(16) 17 (36) 0.07
evaluation
Age at the at the time of the 26.5+6.3 248 +1 27+0.8 NS
study (years + SD)
Women considered as having a
correct hormonal estrogenic
balance
No (POI without HRT) 11 (13) 4(12) 7(13)
Yes 77 (88) 30 (88) 47 (87) NS
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Table 2: Comparison of MRI parameters of the uterus according to the type of myeloablative

conditioning (MAC) regimen vs control goup. TBI = Total Body Irradiation

ADC = apparent diffusion coefficient

Control Chemotherapy TBI Control Control Chemotherapy
Vs. vs. TBI only vs. TBI
group -only
Chemothe
rapy only
Uterine 79.7 £3.3 453+£5.6 196+19 <.0001 <.0001 <.001
volume (mL)
Uterine 1.7+ 0.03 1.3+0.06 1.3+£0.04 <.0001 <.0001 NS
body-to-
cervix ratio
ADC 1.5+0.02 1.2+ 0.05 1.3+0.03 <0.001 <0.001 NS

(1073 mm?/s)
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Table 3: Pregnancy outcome in the AL survivor women who conceived (n = 18) according to
the type of myeloablative conditioning (MAC) regimen. Values are presented as number

(percentage). MAC = Myeloablative Conditioning; TBI = Total Body Irradiation

Chemotherapy-
only MAC
regimen TBI Total p
Total number of Pregnancies : 10 19 29
- Spontaneous pregnancy (%) 10 (100) 15(79) 25(86) 0,27
- Oocyte donation (%) 0 (0) 3 (16) 3(10)
- Uterine insemination (%) 0(0) 1(5) 1(4)
Pregnancy outcome:
Medical abortion 0(0) 4 (21) 4(14) 0,03
Early miscarriage 2 (20) 4 (21) 6(21)
Late Miscarriage 2 (20) 9(47) 11 (38)
Live-birth 6 (60) 2(1D 8 (28)
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Figure 1: Uterine volume according to the MAC regimen and the hormonal status: POI
women without hormone replacement therapy (HRT) Vs women having a “correct hormonal
balance” composed by women treated with HRT for POI and women still having a persistent

ovarian function with spontaneous periods.
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Figure 2 : Effect of age at HSCT (using a quartile distribution) on uterine volume by type of

MAC regimen.
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Supplementary material 1: Correlation between Uterine volume (mL) and the mean
calculated cumulative alkylating dose per patient, using the cyclophosphamide equivalent

dose (CED) in Chemotherapy-only MAC regimen group (n = 34)
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ABSTRACT

Study question: What is the impact of the type of myeloablative conditioning (MAC) regimen applied for
hematopoietic stem cell transplantation (HSCT) on uterine volume of childhood leukemia survivors?

Summary answer: Uterine volume is significantly decreased after HSCT. Not only Total Body Irradiation
(TBI)- based regimens, but also high-dose chemotherapy-based regimens containing alkylating agents
induce uterine damage.

What is known already: Premature ovarian insufficiency (POI) after HSCT is well known, as well as the
uterine damage induced by TBI on uterine volume. A few studies have reported smaller uterus after HSCT
in women treated with chemotherapy only. In these studies, uterus volume was assessed by a
transabdominal and/or transvaginal ultrasonography, and primary diagnosis, age at treatment and
chemotherapy regimen were heterogeneous. These preliminary results suggested that alkylating agents
could induce uterine damage, as well as they induce fibrosis and vascular damage in ovarian stroma. The
impact of chemotherapy on myometrium and uterus is still few investigated.

Study design, size, duration: A prospective multicentric national study was conducted between 2017,
November and 2021, June in 16 University Teaching Hospitals that are following more than 5 500
childhood acute leukemia survivors enrolled in the L.E.A cohort. We included 88 adult women treated for a
childhood acute leukemia with HSCT and who agreed a pelvic MRI assessment. Every case was matched
1:1 to control women who underwent MRI for benign ovarian cysts or benign pelvic pathology.

Participants/materials/setting, methods: Pelvic MRI scans were performed with a 1.5 or 3T magnetic
resonance scanner, including diffusion-weighted imaging sequences. Scans were centralized for a double-
blinded lecture by two radiologists. The main endpoint was the uterine volume. The secondary endpoints
were uterine body-to-cervix ratio and apparent diffusion coefficient (ADC).

Main results and the role of chance: Mean age in HSCT group was 26.5 + 6.3 years. Mean age at HSCT
was 9.1 + 0.3 years with a mean follow-up of 16.4 £ 0.5 years. In the 88 women included, two groups of
conditioning regimens have been compared to the control group (n = 88): a chemotherapy-only MAC
regimen group with high dose of alkylating agents (n=34) and one TBI-based regimen group (n=54).
Among them, 77 women were considered as having a “correct hormonal balance” with estrogens, by
hormone replacement therapy (HRT) for POI or thanks to a residual ovarian function. Uterine volume was
significantly decreased both after chemotherapy-only MAC regimen and after TBI, with respectively 45.3 +
5.6 and 19.6 + 1.9 mL Vs 79.7 = 3.3 mL in control population (p < 0.0001), corresponding to a reduced
uterine volume of 43.1 % [28.8 — 57.4] after chemotherapy and 75.3 % [70.5 — 80.2] after TBI. After
chemotherapy-only MAC regimen, uterine volume was dramatically decreased in POl women without HRT
compared to those having a correct hormonal balance (15.2 + 2.6 Vs 49.3 + 6 mL, p < 0.05). In contrast,
after TBI, uterine volume was similar in all women, with no positive effect of hormonal impregnation on
uterine volume (respectively 16.3 + 2.6 Vs 20.1 + 2.2 mL).

Limitations, reasons for caution: The number of pregnancies obtained spontaneously or after oocyte
donation in our study population was too low to evaluate the obstetrical impact of uterine damage caused by
non-TBI regimens.

Wider implications of the findings (50): Our results provide strong evidence that a MAC regimen
containing high dose of alkylating agents could induce uterine damage. In these sub- group of women, HRT
increases the volume of the uterus compared to non-treated women.

After TBI, uterine volume is dramatically decreased, with no benefit of HRT on it.

Study funding / competing interest(s): The FERTILEA study was funded by La Ligue contre le Cancer
(BC-17043).
Trial registration number: ClinicalTrials.gov/NCT 03583294

Keywords: Uterus, Acute leukemia, Hematopoietic Stem Cell Transplantation, myeloablative conditioning
regimen, MRI, chemotherapy, alkylating agent, total body irradiation

Mots-clefs : Utérus, IRM, Leucémie, greffe de cellules souches hématopoiétiques, chimiothérapie, agents
alkylants, irradiation corporelle totale.
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