N
N

N

HAL

open science

Performance diagnostique de la TEP/TDM au
68Ga-DOTATOC dans les tumeurs neuroendocrines
colorectales drivant de l’intestin postérieur (hindgut) et
impact sur le prise en charge des patients

Pierre Delabie

» To cite this version:

Pierre Delabie. Performance diagnostique de la TEP/TDM au 68Ga-DOTATOC dans les tumeurs
neuroendocrines colorectales drivant de I'intestin postérieur (hindgut) et impact sur le prise en charge

des patients. Médecine nucléaire. 2021. dumas-03847938

HAL Id: dumas-03847938
https://dumas.ccsd.cnrs.fr/dumas-03847938

Submitted on 10 Nov 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://dumas.ccsd.cnrs.fr/dumas-03847938
https://hal.archives-ouvertes.fr

FACULTE DE MEDECINE

HYACINTHE BASTARAUD
N°2021ANTI0594

UNIVERSITE DES ANTILLES
ANNEE 2021

PERFORMANCE DIAGNOSTIQUE DE LA TEP/TDM
AU **Ga-DOTATOC DANS LES TUMEURS
NEUROENDOCRINES COLORECTALES DERIVANT
DE L’INTESTIN POSTERIEUR (HINDGUT) ET
IMPACT SUR LA PRISE EN CHARGE DES PATIENTS

THESE

Présentée et soutenue publiquement a 1’Université de Paris
Le vendredi 26 Février 2021

Pour obtenir le grade de

DOCTEUR EN MEDECINE
Par

Pierre DELABIE

Examinateurs de la thése : Madame le Pr Rachida LEBTAHI (Présidente)
Madame le Pr Frangoise MONTRAVERS (directrice)
Monsieur le Pr Karim FARID
Monsieur le Pr David FUKS
Monsieur le Dr Eric BAUDIN




These de la Faculté¢ de Médecine Hyacinthe Bastaraud, soutenue a 1’Université de Paris pour le

compte de I’Université des Antilles.



i A Faculté
Université de Médecine

des Antilles ¢ Hyacinthe BASTARALID

Le Président de I'Université des Antilles : Eustase JANKY
Doyen de la Faculté de Médecine : Suzy DUFLO
Vice-Doyen de la Faculté de Médecine : Christophe DELIGNY

Professeurs des Universités - Praticiens Hospitaliers

Chirurgie Urologique

CHU de POINTE- A -PITRE/ABYMES

Tel : 0590 89 13 95

Chirurgie Orthopédique et Traumatologie

CHU de POINTE-A-PITRE/ABYMES

Tel : 05 90 89 14 66

Dermatologie]

CH de CAYENNE

Tel : 05 94 39 53 39

ORL - Chirurgie Cervico-Faciale

CHU de POINTE-A-PITRE/ABYMES

Tel: 059093 46 16

Gynécologie-Obstétrique

CHU de POINTE-A-PITRE/ABYMES

Tel 05 90 89 13 89

Chirurgie Thoracique et Cardiovasculaire

CHU de FORT- DE - FRANCE

Tel: 0596552271

Chirurgie Digestive

CHU de FORT- DE - FRANCE

Tel: 0596552101 -Tel: 0596552271
Maladies Infectieuses

CHU de FORT- DE - FRANCE

Tel : 0596 55 23 01

Neurologie|

CHU de FORT- DE - FRANCE

Tel : 05 96 55 22 61
Bactériologie-Virologie-Hygi¢ne option virologie
CHU de FORT- DE - FRANCE

Tel: 0596552411

Réanimation Médicale et Chirurgicale — Briilés -
Michel CARLES Anesthésiologie|
CHU de POINTE-A-PITRE/ABYMES
Tel 0590 89 10 10

Neurologie,

CHU de POINTE- A -PITRE/ABYMES
Tel: 059089 14 13

Pascal BLANCHET

André-Pierre UZEL

Pierre COUPPIE

Suzy DUFLO

Eustase JANKY

Francois ROQUES

Jean ROUDIE

André CABIE

Philippe CABRE

Raymond CESAIRE

'Annie LANNUZEL



mailto:pascal.blanchet@chu-guadeloupe.fr
mailto:pierre.couppie@ch-cayenne.fr
mailto:suzy.duflo@chu-guadeloupe.fr
mailto:eustase.janky@chu-guadeloupe.fr
mailto:georges.baillet@chu-fortdefrance.fr
mailto:georges.baillet@chu-fortdefrance.fr
mailto:andre.cabie@chu-fortdefrance.fr
mailto:philippe.cabre@chu-martinique.fr
mailto:raymond.cesaire@chu-fortdefrance.fr
mailto:michel.carles@%20chu-guadeloupe.fr
mailto:annie.lannuzel@chu-guadeloupe.fr

Professeurs des Universités - Praticiens Hospitaliers

(Suite)

Louis JEHEL

Psychiatrie Adulte
CHU de FORT- DE - FRANCE
Tel : 05 96 55 20 44

Mathieu NACHER

Epidémiologie, Economie de la Santé et
Prévention,

CH de CAYENNE

Tel : 05 94 93 50 24

Magalie DEMAR - PIERRE

Parasitologie et Infectiologue
CH de CAYENNE
Tel : 05 94 39 53 09

Vincent MOLINIE

Anatomie Cytologie Pathologique
CHU de FORT DE FRANCE
Tel : 05 96 55 20 85/55 23 50

Philippe KADHEL

Gynécologie-Obstétrique
CHU de POINTE-A-PITRE/ABYMES
Tel : 0590 89 13 20

Michel DEBANDT

Rhumatologie
CHU de FORT- DE - FRANCE
Tel : 05 96 55 23 52

Karim FARID

Médecine Nucléaire
CHU de FORT- DE - FRANCE
Tel: 0596 5521 67

Mehdi MEJDOUBI (disponibilité)

Radiodiagnostic et imagerie Médicale
CHU de FORT- DE - FRANCE
Tel : 05 96 55 21 84

Physiologie

Rémi NEVIERE CHU de FORT- DE - FRANCE
Tel : 0596 55 20 00,

. . Bactériologie & Vénérologie
Schastien BREUREC CHU de POINTE- A -PITRE/ABYMES
Tel : 0590 89 12 80,

- Maladies infectieuses et tropicales
Félix DJOSSOU CH de CAYENNE
Tel : 05 94 39 50 50

. Chirurgie thoracique et cardiovasculaire
Nicolas VENISSAC CHU de FORT- DE - FRANCE
Tel : 05 96 55 20 00,

. Epidémiologie, Economie de la Santé

Moustapha DRAME CHU de FORT- DE - FRANCE
Tel: 0596 55 20 00

. Médecine Interne
Christophe DELIGNY CHU de FORT- DE - FRANCE
Tel: 0596 5522 55

Narcisse ELENGA Pédiatrie
arcisse CH de CAYENNE
Tel : 0594 39 77 37

Nadége CORDEL Dermatologie & Vénérologie

CHU de POINTE- A -PITRE/ABYMES
Tel: 059089 10 10



mailto:louis.jehel.@chu-fortdefrance.fr
mailto:mathieu.nacher@ch-cayenne.fr
mailto:magalie.demar@ch-cayenne.fr
mailto:vincent.molinie@chu-fortdefrance.fr
mailto:philippe.kadhel@orange.fr
mailto:michel.debandt@chu-martinique.fr
mailto:karim.farid@chu-martinique.fr
mailto:mehdi.mejdoubi@chu-fortdefrance.fr
mailto:Remi.Neviere@chu-martinique.fr
mailto:sbreurec@gmail.com
mailto:felix.djossou@ch-cayenne.fr
mailto:nicolas.venissac@chu-martinique.fr
mailto:moustapha.drame@chu-martinique.fr
mailto:christophe.deligny@chu-fortdefrance.fr
mailto:nadege.cordel@chu-guadeloupe.fr

Professeurs des Universités - Praticiens Hospitaliers

(Suite)

Harold MERLE

Ophtalmologie
CHU de FORT- DE - FRANCE
Tel: 0596 55 20 00

Pierre-Marie ROGER

Maladies infectieuse s et tropicales
CHU de POINTE- A -PITRE/ABYMES
Tel: 059089 10 10

Maturin TABUE TEGUO

Médecine interne : Gériatrie et Biologie du vieillissement

CHU de POINTE- A -PITRE/ABYMES
Tel: 0590891010

Antoine ADENIS

Epidémiologie, économie de la santé et
prévention
Tél. : 0594 39 50 50

Bertrand De TOFFOL

Neurologie,
Tél. : 0594 39 50 50

Louis-Etienne GAYET

Chirurgie orthopédique et traumatologique
Tél. : 0590 55 20 00

HATEM Kallel

Médecine intensive-réanimation
TéL : 0594 39 50 50

PUGET Stephanie

Neurochirurgie
Tél : 0596 55 20 00

Professeurs Associés

Papa Ngalgou GUEYE

Hossein MEHDAOUI

Professeur Emérite

Jean-Louis ROUVILLAIN

Chirurgie Orthopédique
CHU de FORT- DE - FRANCE
Tel : 0596 55 22 28

Maitre de Conférences des Universités - Praticiens Hospitaliers

Cardiologie

jocelyn INAMO CHU de FORT- DE - FRANCE
Tel : 05 96 55 23 72 - Fax : 05 96 75 84 38

Fritz-Line VELAYOUDOM épe CEPHISE Endocrinologie

CHU de POINTE- A -PITRE/ABYMES
Tel : 0590 89 13 03

Marie-Laure LALANNE-MISTRIH

i Nutrition|
CHU de POINTE- A -PITRE/ABYMES
Tel : 0590 89 13 00



mailto:harold.merle@chu-martinique.fr
mailto:pierre-marie.roger@chu-guadeloupe.fr
mailto:maturin.tabueteguo@chu-guadeloupe.fr
mailto:Antoine.adenis@ch-cayenne.fr
mailto:Bertrand.detoffol@ch-cayenne.fr
mailto:l.e.gayet@orange.fr
mailto:Kallel.hatem@ch-cayenne.fr
mailto:stephanie.puget@aphp.fr
mailto:papa.GUEYE@chu-martinique.fr
mailto:hossein.mehdaoui@chu-martinique.fr
mailto:jocelyn.inamo@chu-fortdefrance.fr
mailto:fritz-line.valayoudom@chu-guadeloupe.fr
mailto:marie-laure.mistrih@chu-guadeloupe.fr

Moana GELU-SIMEON

Gastroentérologie hépatologie
CHU de POINTE-A-PITRE/ABYMES
Tel : 0590 89 10 10

Maitre de Conférences des Universités - Praticiens Hospitaliers

éroni Hématologie
Véronique BACCINI CHU de POINTE-A-PITRE/ABYMES
Tel : 0590 89 10 10

Laurent BRUREAU Urologie

CHU de POINTE-A-PITRE/ABYMES
Tel : 0590 89 10 10

Clarisse JOACHIM-CONTARET

Epidémiologie, économie de la santé et prévention
CHU de FORT- DE - FRANCE
Tel : 0596 55 20 00

BERAL Cindy

Ophtalmologie
Tél. : 0590 89 10 10

Professeur de Médecine Générale

Jeannie HELENE-PELAGE

Médecine Générale
CHU de Pointe-a-Pitre / Cabinet libéral
Tel : 0590 84 44 40

Professeur Associé de Médecine Générale

Franciane GANE-TROPLENT

Médecine générale
Cabinet libéral
Tel : 05 90 20 39 37

Maitre de Conférence des Université de Médecine Générale

Philippe CARRERE

Médecine générale
Cabinet libéral

Maitre de Conférence Associé¢ de Médecine Générale

Franck MASSE

Médecine générale
Cabinet libéral

KANGAMBEGA-CHATEAU-DEGAT Walé

Médecine générale
Cabinet libéral



mailto:moana.simeon@chu-guadeloupe.fr
mailto:veronique.baccini@chu-guadeloupe.fr
mailto:laurent.brureau@chu-guadeloupe.fr
mailto:clarisse.joachim@chu-martinique.fr
mailto:cindy.beral@chu-guadeloupe.fr
mailto:jeannie.pelage@wanadoo.fr
https://bakanik.univ-ag.fr/cgi-bin/openwebmail/openwebmail-send.pl?sessionid=vopet*bakanik.univ-ag.fr-session-0.509647763424681&folder=INBOX&page=1&sort=date_rev&msgdatetype=sentdate&keyword=&searchtype=subject&action=composemessage&message_id=%3CCANZHJ%2BB4a%2BO%2B6Zf56PQksHZ0hB%3Du0RJ8X4_%2B8Wuyr2YVH5atKg%40mail.gmail.com%3E&compose_caller=read&to=troplent.franciane@orange.fr
mailto:philippe.carrere@gmail.com
mailto:mspducos@gmail.com
mailto:drwcdk@gmail.com

REMERCIEMENTS

Aux membres du Jury,

A ma présidente, Madame le Professeur Rachida LEBTAHI, chef du service de Médecine
Nucléaire de I’Hopital Beaujon a Paris. Vous me faites I’honneur de présider ce jury en qualité
d’experte dans le domaine de votre spécialité. Soyez assurée, madame le Professeur, de toute

ma gratitude et de mon profond respect.

A ma directrice de thése, Madame le Professeur Francoise MONTRAVERS, chef du service
de Médecine Nucléaire de I’Hopital Tenon a Paris. Vous m’avez fait I’honneur de diriger ma
thése en me confiant ce sujet a la fois passionnant et original, au cours duquel j’ai beaucoup
appris grace a vos conseils avisés, a votre rigueur et a votre grande connaissance des tumeurs
neuroendocrines. Par ailleurs, j’ai eu la chance de pouvoir développer mes connaissances en
TEP et en radiotraceurs diagnostiques au travers du semestre effectué dans votre service. Pour

toutes ces raisons, veuillez recevoir I’expression de ma respectueuse considération.

A Monsieur le Professeur Karim FARID, chef du pole imagerie médicale du CHU de Fort-
de-France a la Martinique. Vous me faites I’honneur de juger ce travail et je vous en remercie.
Je tiens également a vous remercier vivement pour votre encadrement et votre disponibilité en

tant que coordonnateur local du DES de médecine nucléaire.

A Monsieur le Professeur David FUKS, chirurgien digestif a 1’Hopital Cochin a Paris. Vous
me faites I’honneur de juger ce travail et je vous en remercie. Votre participation a ce jury revét
pour moi un caractére particulier car elle me permet de prendre pleinement conscience du
chemin que j’ai parcouru depuis notre premiére rencontre, au CHU d’Amiens, lorsque
J effectuais I'un de mes premiers stages hospitaliers, en qualité d’étudiant en médecine. Vous
aviez alors su me faire partager votre bon sens en pratique clinique. Soyez assuré, monsieur le

Professeur, de toute ma gratitude.



A Monsieur le Docteur Eric BAUDIN, chef du comité des tumeurs endocrines a I’Institut
Gustave Roussy, a Villejuif. Vous avez su me faire confiance lors de 1’¢laboration de ce travail,
vous me faites désormais 1’honneur de le juger en qualité d’expert dans le domaine des tumeurs

neuroendocrines. Veuillez croire en 1I’expression de ma reconnaissance et de ma considération.



Mes remerciements vont également

Au Professeur Patrick BOURGUET, pour vos conseils avisés lorsque j’avais a effectuer mes

choix de stages pour Paris.

Au Professeur Francois ROUZET, pour m’avoir fait partager vos grandes connaissances dans
le domaine de la cardiologie nucléaire et votre disponibilit¢ en dépit de vos nombreuses

obligations.

Au Professeur Emmanuel ITTI, pour votre grande gentillesse et m‘avoir permis d’enrichir

mes connaissances en médecine nucléaire au sein de votre service innovant, a Créteil.

Au Docteur Khaldoun KERROU pour ton aide, tes conseils précieux et tes encouragements

depuis que je suis a Paris mais aussi pour ton humour et gentillesse.

Au Docteur Fabien HYAFIL, pour m’avoir fait partager votre rigueur et votre expérience en

médecine nucléaire.

Au Docteur Frédéric PAYCHA, pour votre gentillesse et vos grandes connaissances dans le

domaine de I’imagerie ostéo-articulaire.

Au Docteur Jean-Marc ISRAEL, pour vos conseils pertinents au cours de ce travail.

Aux assistants avec lesquels j’ai eu le plaisir de travailler, pour m’avoir transmis vos
connaissances en médecine nucléaire mais pas seulement ; je pense notamment a Cyrielle,
Berivan, Brian, Jules, Lionel et Paul. J’ai également une pensée toute particuliere pour
Kostas, décédé bien trop tot.

A Timofei, pour tes explications en radio-pharmacie et ta gentillesse.

A Guillaume CRESPEL, cadre de santé le jour et bodybuilder le soir ainsi qu’a sa famille ;

J ai pris plaisir a partager des moments de convivialité avec vous a la Martinique.



10

A mes camarades de Saclay, pour les trépidantes parties de babyfoot ainsi que les bons repas
partagés avec vous. J’ai hate de vous recroiser lors de futurs congrés ou dans d’autres

circonstances.

A mes anciens co-internes de la Martinique et de Paris, pour les bons moments qu’on a pu

passer ensemble.

A toutes les équipes médicales de la Martinique et de Paris avec lesquelles j’ai pu travailler,
dans la bonne humeur la plupart du temps, qui m’ont permis de progresser et de gagner en

maturité, au cours d’un internat en partie bouleversé par la COVID-19.

Aux médecins hospitaliers et libéraux que j’ai sollicité¢ durant ce travail de theése ainsi qu’a

leurs secrétaires médicales, sans qui la collecte des données n’aurait pas été possible.
A la Cité Internationale Universitaire de Paris, et plus particuliérement la Fondation
Deutsch de la Meurthe, pour me permettre de résider dans ce cadre merveilleux durant ma

formation a Paris.

A mes parents, pour m’avoir transmis votre gott de I’effort et du travail mais aussi pour votre

soutien infaillible et votre patience durant toutes ces années d’études.

A ma Marraine et mon oncle Francois, pour toutes les gentilles attentions que vous avez a

mon égard et vos encouragements.

A Yann, pour ta grande gentillesse ainsi que pour ton soutien certain depuis toutes ces années.
A Hugo, pour tous les bons moments qu’on a pu partager ensemble pendant ces (trop) longues
années d’études. Mon souhait pour I’avenir : que I’on préserve le fameux bindme, en tant que
médecins désormais, et que I’on continue de travailler pour vivre ; non I’inverse.

A Benoit, pour nos sorties trail mémorables a la Martinique.

A David, pour ton humour et les fous rires qu’on a pu avoir ensemble ainsi que pour ton gotit

prononcé pour les belles voitures ; puisse le sort nous étre favorable.



11

Au reste de ma famille, de mes amis et a toutes celles et ceux qui m’ont aidé et encouragé de

pres ou de loin dans la réalisation de ce travail. Il me serait difficile de vous citer tous.

Enfin, a mes chiennes : Clochette, tu as été un fidéle compagnon et je ne t’oublierai pas, ainsi

qu’a Diane et Havane, vous m’apportez beaucoup de joie.



12

TABLE DES MATIERES
| 241115 g0 TS 11150 11 5 N 7
TADIE dES MATICIES c.veureeneeneeeeereerreecesecssecssscessesssesssesssssssssssssssssssssss 12
RRESUINE c..eeeeeeerreeerneceeeceeeceseecseesssesssessssssssssssssssssssesssssssssassssssesssssssases 13
ADSTEACE . eueeeieeeeeeieeernceneseereecsessecssessesssesssssssasessssssessssssesssssssasesssssnes 14
Etat de I’art & BiblioGraphie .........cceeeererererererenenenenensnseseesesesenes 15
STATUL @ PPATTICIE cuueeeeereerenereeeerreceeeesecsacesesseccsessecssessesssessessssssessases 19
Article Original.....cccciiiiiiiiiiiiiinnssnnsssssssssssssssssssssssssssssssssssssssssssssssssses 20
INtroduction — INTrOAUCTION ceeeeeeseeeseeseoesecsesssecssssssssesssssssssssssssssssse 21
Materiels et méthodes — Materials and mMetnods ueeeeeeseeeseesesecesenes 23
RESUIALS — ROSUILS eeuuveueeneereereeesessacesessecssessessssssessssssessssssssssssssssesses 27
DiSCUSSION — DISCUSSION auveveeereesssesesecesscsssesssesssssssssssssssssssssssssssseses 37
CONCIUSION — CONCIUSION eveuereeeeeeerreeereessesssesssessssssssssssssssssssssssnnes 40
Bibliographie — References cuesssssssssssssssssssssssssssssssssssssssssses 41
(O] 1 T8 LRI T) 1 WL 1 1S 2 1 46

Serment d’HIPPOCIate......aeeeeeeeeeeeeeeeeeeeeeesesseesssssssssssssssssssssssssssssssses 47



13

RESUME

Introduction : L'objectif principal de cette étude rétrospective était de déterminer la
performance diagnostique de la TEP/TDM au **Ga-DOTATOC chez les patients atteints de
TNE colorectales bien différenciées dérivant de I'intestin postérieur. Les autres objectifs étaient
d'évaluer I'impact de la TEP/TDM au ®*Ga-DOTATOC sur la prise en charge de ces patients et
de comparer ses résultats a ceux de la TEP/TDM au "*F-FDG et/ou a la '8F -FDOPA, lorsqu'ils

¢taient disponibles.

Matériels et méthodes : Nous avons analysé les résultats de TEP/TDM au ®*Ga-DOTATOC
ainsi que les données cliniques de 30 patients atteints de TNE colorectales bien différenciées
dérivant de l'intestin postérieur; ces résultats ¢&taient confrontés aux données
anatomopathologiques et/ou de suivi des différents patients. Nous avons également comparé
les résultats de la TEP/TDM au ®*Ga-DOTATOC a ceux de la TEP/TDM au '®F-FDG et/ou a
la '8F -FDOPA chez 6 patients. L'impact de notre examen sur la prise en charge des patients a
¢té déterminé a posteriori, en comparant la prise en charge envisagée avant I’examen TEP a

celle décidée apres, lorsque nous disposions des informations utiles.

Résultats : Notre analyse par patient a montré que la TEP/TDM au %®Ga-DOTATOC était
performante chez les 30 patients de 1’étude. Cette technique d’imagerie a correctement identifié
la tumeur primitive, lorsqu’elle était encore en place, et a permis la détection de métastases
méconnues chez 36% des patients adressés pour réalisation d’un bilan d’extension initial. Les
résultats de la TEP/TDM au %Ga-DOTATOC ont entrainé une modification de la prise en
charge chez 57 % des patients. En comparant de facon intra-individuelle les performances
diagnostiques de différents radiotraceurs TEP, nous avons établi une nette supériorité du **Ga-
DOTATOC, qui se démarquait des autres radiotraceurs, en termes de nombre de lésions

détectées et d’intensité de fixation de ces 1ésions.

Conclusion : La TEP/TDM au ®*Ga-DOTATOC est une technique d'imagerie performante pour
I’exploration des patients atteints de TNE colorectales bien différenciées et qui impacte de

fagon importante leur prise en charge.
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ABSTRACT

Purpose: The main purpose of this retrospective study was to determine the diagnostic
performance of ®*Ga-DOTATOC PET/CT in patients with well-differentiated colorectal NETs
deriving from hindgut. The other aims were to assess the impact of the examination on patient
management and to analyze the results of "*F-FDG and/or *F -FDOPA PET/CT when they were

also performed.

Materials and methods: **Ga-DOTATOC PET/CT and clinical data from 30 patients with
biopsy-proven well differentiated NETs originated from the hindgut were retrospectively
reviewed and analyzed by comparing the **Ga-DOTATOC PET/CT findings to pathology
and/or follow-up data. We also compared ®Ga-DOTATOC PET/CT results with 'F-FDG
and/or 8F -FDOPA PET/CT results in 6 patients. Impact on management was determined in
hindsight by comparing the patient management decided before and after the ®®*Ga-DOTATOC
PET/CT result, when conclusions of multidisciplinary consultation meetings were available in

medical files.

Results: On a patient basis, ®*Ga-DOTATOC PET/CT was accurate in 30 of the 30
examinations, indicating a sensitivity of 100% and specificity of 100%. **Ga-DOTATOC
PET/CT correctly identified the primary tumor in all patients with primary not resected before
the examination and allowed the detection of unexpected distant metastases in 36% of the
patients referred for initial staging. ®®Ga-DOTATOC PET/CT findings affected patient
management in 57% of cases. Intra-individual comparison of the results of the different PET
radiopharmaceuticals showed a clear superiority of ®*Ga-DOTATOC PET/CT, considering both

the number of lesions and the intensity of uptake.

Conclusion: *Ga-DOTATOC PET/CT is an accurate imaging modality in the assessment of

well-differentiated colorectal NETs which highly impact patient’s management.
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ETAT DE L’ART

Les cellules neuroendocrines sont impliquées dans le controle de nombreuses fonctions
de l’organisme comme la digestion ou la régulation glycémique et forment a 1’état
physiologique des organes ou parties d’organes mais aussi et surtout un réseau de cellules
dispersées dans tout I’organisme, appelé systeéme endocrinien diffus. Ces cellules peuvent subir
des changements moléculaires et/ou parfois génétiques rendant leur mode de croissance, de
différenciation ou leur comportement anormal, aboutissant ainsi a la formation de néoplasies.

D’un point de vue embryologique, les néoplasies neuroendocrines (NNE) peuvent étre

scindées en deux : celles dérivées du neuro-ectoderme comme les cancers médullaires de la
thyroide ou les paragangliomes et celles dérivées de I’endoderme. Les NNE dérivées de
I’endoderme regroupent a la fois les tumeurs neuroendocrines (TNE), histologiquement bien
différenciées, et les carcinomes neuroendocrines (CNE), peu différenciés. Elles se situent tres
majoritairement dans les épithéliums de revétement du tube digestif et sont regroupées sous
I’appellation de NNE gastro-entéro-pancréatiques (NNE GEP).
Selon des considérations ontogénétiques et histochimiques, les NNE GEP peuvent étre
nommeées et classées en NNE de I’intestin antérieur (ou foregut), de I’intestin moyen (ou
midgut) et de I’intestin postérieur (ou hindgut) (1). Les NNE de I’estomac, du pancréas, du
duodénum, du jéjunum proximal ainsi que du thymus et de I’arbre respiratoire dérivent du
foregut. Les NNE du jéjunum distal, de I’iléon, du caecum, de I’appendice, du colon ascendant
et des deux tiers proximaux du coOlon transverse dérivent du midgut. Enfin, les NNE du tiers
distal du c6lon transverse, du colon descendant, du colon sigmoide, du rectum et des deux tiers
supérieurs du canal anal dérivent du hindgut.

Plusieurs études ¢épidémiologiques s’accordent pour montrer une augmentation
constante de I’incidence et de la prévalence des NNE GEP au cours des derni¢res décennies,
possiblement en rapport avec I’arrivée de nouvelles méthodes diagnostiques et d une meilleure
connaissance par les endoscopistes et les pathologistes (2, 3). D’apres les données du registre
épidémiologique Nord-Américain (SEER), les NNE GEP les plus fréquentes sont celles
développées aux dépens de I’intestin gréle ou du rectum (taux d’incidence normalisé selon 1’age
d’environ 1,2/100 000/an chacun) (4).

Le pronostic des NNE GEP est trés variable et est notamment influencé par le degré de

différenciation, I’indice de prolifération Ki-67 et le stade tumoral (4). Les TNE ont une
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évolution habituellement lente avec une survie prolongée et une grande partie d’entre elles sont
diagnostiquées a un stade avancé.

En raison du risque important de métastases régionales ou a distance, I’imagerie occupe

une place prépondérante dans la prise en charge de ces tumeurs. La plupart des TNE présentent
des niveaux d'expression €élevés des récepteurs de la somatostatine (SR), qui peuvent étre ciblés
en médecine nucléaire et utilisés dans une stratégie théranostique. Cing sous-types de récepteurs
ont été décrits dans la littérature : SR1 a SRS. Le SR2 apparait comme étant la cible
pharmacologique idéale en raison de son internalisation et de son recyclage rapide, ce qui
permet l'accumulation de quantités considérables d'analogues de la somatostatine radio-
marqués dans les cellules cibles (5).
La tomographie par émission de positons des récepteurs de la somatostatine (SR TEP) au ®*Ga-
(1,4,7,10-tetraazacyclododecane-1,4,7,10-tetra-acetic acid)-peptide (DOTATOC, -NOC ou -
TATE) posséde une meilleure sensibilité que la scintigraphie des récepteurs de la somatostatine
(SRS) et apparait moins irradiante mais aussi moins contraignante pour le patient (6). Cet
examen est donc a privilégier, en particulier dans les situations ou un bilan d’extension précis
est indispensable, comme c’est le cas avant une chirurgie lourde par exemple (7). D’autres
radiotraceurs TEP peuvent étre utilisés pour I’exploration des NNE GEP comme la 6-fluoro-
('8F)-L-3,4-dihydroxy-phénylalanine ('*F-FDOPA) qui cible un métabolisme d’acide aminé et
le 2-désoxy-2-('*F)fluoro-D-glucose ('*F-FDG) qui cible le métabolisme glucidique. La
TEP/TDM au '8F-FDG est particuli¢rement adaptée aux TNE GEP a fort indice de prolifération,
qui ont généralement une expression diminuée en SR et un métabolisme glucidique accru, avec
pour conséquence un pronostic défavorable (8). La TEP/TDM 4 la '8F-FDOPA, quant a elle,
est I’examen de référence pour la détection des TNE dérivant de I’intestin moyen, en étant au
moins aussi performante que la SR TEP (9), mais est trés peu performante pour la détection
des TNE dérivant du foregut ; sa performance étant inférieure a celle de la SRS (10).

La TEP/TDM des récepteurs de la somatostatine est largement indiquée dans 1’étude
des TNE GEP en raison de ses hautes performances diagnostiques et de son utilité en
théranostique (6, 11). Mais, a notre connaissance, les études sur lesquelles reposent ces résultats
ne comptent que peu ou pas de patients atteints de TNE du hindgut.

Le service de médecine nucléaire de I’hopital Tenon (AP-HP), est I'un des premiers
départements d’imagerie a avoir eu accés a la TEP/TDM au ®*Ga-DOTATOC en France. Fort
de cette expérience et d’une base de données conséquente, nous avons voulu préciser
rétrospectivement la performance diagnostique de cet examen, spécifiquement dans les TNE

dérivant du hindgut, ainsi que son impact dans la prise en charge des patients.
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Introduction

Colorectal neuroendocrine tumors (NETs) deriving from hindgut correspond to the
tumors located from the last third of the transverse colon to the rectum. They are relatively
uncommon and are mostly discovered incidentally during routine surveillance endoscopies.
They are rarely, if ever, associated with a hormonal syndrome such as flushing or diarrhea, even
in the metastatic stage (1). Other symptoms include rectal bleeding, pain and change in bowel
habits (2, 3). Surgery is the mainstay for the treatment of local or locoregional NETs while
systemic therapies as somatostatin analogs or chemotherapy are indicated to delay progression
of advanced tumors.

An accurate staging is important for determination of resectability and prognosis, in

particular for primary tumors larger than one centimeter, but the small size and variable
anatomic location of NETs metastases limit their detection using conventional imaging
procedures such as computed tomography (CT) and magnetic resonance imaging (MRI).
Overexpression of cell-surface somatostatin receptors (SR) — in particular of SR type 2 (SR2)
— is a feature of well-differentiated NETSs, enabling functional imaging with radiolabeled
somatostatin analogues (4, 5). Somatostatin receptor positron emission tomography (SR PET)
has been widely documented in NETs, with a superior diagnostic performance compared to
somatostatin receptor scintigraphy (SRS) (6, 7). Several somatostatin analogues for SR PET
labelled with gallium-68 using a 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetra-acetic acid
(DOTA) cage have been evaluated with a comparable diagnostic accuracy: DOTA-p-Phe!-
Try*-octreotide (DOTATOC), DOTA-p-Phe!-Try*-octreotate (DOTATATE), and DOTA-1-
Nal-Try*-octreotide (DOTANOC).
Another property of some NETs is their potential ability to take up and decarboxylate
monoamine precursors such as dihydroxyphenylalanine (DOPA) allowing their possible
detection on '*F-FDOPA PET (8). Fluorine-18 fluorodeoxyglucose ('*F-FDG) better detects
highly metabolic undifferentiated tumors than well-differentiated tumors but may however
have a diagnostic and prognostic interest in well-differentiated NETs (9-11).

In 2018, the revision of the Society of Nuclear Medicine and Molecular Imaging
practice guidelines, recommended SR PET as the initial imaging modality for the diagnosis of
well-differentiated NETs, whatever their origin (12). Previously, Bozkurt et al. (13) had
proposed a diagnostic strategy specific to hindgut NETs with the use of '*F-FDG as first choice
then "*F-FDOPA or ®*Ga-DOTA-peptides as equivalent second choice. Recently, the National
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Comprehensive Cancer Network® (NCCN Guidelines®) defined as appropriate the use of SR
PET for the evaluation of rectal NETs (14). However, to the best of our knowledge, no series
reporting specifically the diagnostic performances of SR PET in detecting hindgut NETs has
currently been published.

The aim of this retrospective study was to determine the diagnostic performance of
%Ga-DOTATOC PET/CT in consecutive patients referred to our center for well-differentiated
colorectal NETs deriving from hindgut and to evaluate its impact on patient’s management. A
second aim of this study was to analyze the results of '*F-FDG and/or '*F-FDOPA PET/CT
when they were also performed in some patients. A further aim was to search for a correlation
between Ki-67 proliferative index (PI) of surgically resected or biopsied lesions and maximum

Standardized Uptake Values (SUVmax) of ®*Ga-DOTATOC PET/CT.
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Materials and Methods

Study Population

We conducted a retrospective study of all consecutive patients referred from January
2014 to July 2020 to our nuclear medicine department for a ®*Ga-DOTATOC PET/CT in a
context of neuroendocrine tumor (NET) originating from hindgut. We selected patients with
histologically confirmed well differentiated NETs (NET G1, G2 or G3 according to the 2019
WHO grading system (15)). We excluded two patients with neuroendocrine carcinomas (NEC)
for whom '*F-FDG was the reference PET radiopharmaceutical. We also excluded one patient
initially referred for a histologically proven rectal NET which was misdiagnosed and
corresponded finally to a stromal tumor.
Thirty patients satisfied the criteria for the evaluation of the ®Ga-DOTATOC PET/CT
diagnostic performance. It was systematically recorded whether patients underwent 'F-FDG
and/or '8F-FDOPA PET/CT at the time of ®*Ga-DOTATOC PET/CT (Figure 1). We only kept
for comparison PET/CT performed with an interval between examinations inferior to 30 days
except for one patient with a longer delay of 6 months (patient no. 6), acceptable due to the
absence of change of therapeutic management between the PET examinations and the slow
growth of disease.
As %Ga-DOTATOC wasn’t yet registered in France until December 2016, an individual
authorization has been obtained from the French Medicine Agency (ANSM) for each patient
before the registration date. Whatever the date of examination, all patients gave their informed
consent. This file has been notified to the National Computers and Privacy Commission

(CNIL) under number 2218218.
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Patients with Hindgut NETs investigated with
“Ga-DOTATOC PET

(n=30)
SCa-DOTATOC PET + ECa-DOTATOC PET
another PET radiotracer alone
(n =) (m= 14}
YF-FDG alone SF.FDG + "F-FDOPA
n=13) n=3)

Figure 1: Flow diagram outlining the different PET radiotracers applied to the 30 patients with hindgut NETs.

%Ga-DOTATOC PET/CT Imaging

Acquisition Protocol

DOTATOC was radiolabeled in the radiopharmacy of our nuclear medicine department.
%Ga was eluted from a commercially available %*Ge/**Ga generator, prior to DOTATOC
radiolabeling following the Breeman procedure (16). No specific preparation of the patient was
required before the radiotracer was injected. For patients treated with somatostatin analog,
medication wasn’t discontinued before the imaging procedure. Head to mid-thigh PET/CT
imaging was performed 45-90 min after an intravenous administration of 1.2-2 MBq/kg of
body mass of ®*Ga-DOTATOC either on Gemini TF16 (Philips, Best, The Netherlands)
machine (PET 1) or mCT Biograph (Siemens Healthineers, Erkangen, Germany) machine (PET
2), both equipped with time of flight (TOF) technology. The CT acquisitions were performed
first (120 kV, 80 mAs, 5 mm slice thickness, collimation 16 X 1.5, pitch 0.813), for correcting

the attenuation of the annihilation photons and for a precise landmarking of the foci of tracer
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uptake. Then, the PET acquisitions were performed for 2 min per bed position, in 3D TOF
acquisition mode. The images were reconstructed according to the OSEM protocol (33 subsets,

3 iterations) with correction of attenuation and of diffused and random coincidences.

Image Evaluation and Endpoints

A visual analysis was performed for each patient using the SyngoVia console (Siemens
Healthineers, Erlangen, Germany) or the IntelliSpace Portal (Philips Healthcare, Best, The
Netherlands). Any focus with a visual intensity greater than background and that couldn’t be
explained by physiologic uptake, elimination or another origin (e.g. inflammation, infection,
meningioma) was considered pathological. ®*Ga-DOTATOC PET/CT was interpreted as
positive at patient level when at least one pathological focus was visualized. For these patients,
we detailed the different pathological sites detected on PET/CT.

In six patients in whom '"®F-FDG and/or "*F-FDOPA PET/CT had also been performed,
we reported the number of foci with pathologically increased uptake detected by these different
PET modalities and compared them on a patient and site basis. For this intra-individual PET
imaging comparison, 5 pathological sites were concerned: primary tumor, liver, bone, pancreas
and pelvic lymph nodes. If more than 5 lesions were visualized within 1 site, the number of
lesions was truncated at 5 for that site to avoid bias. To more precisely compare the results with
the 3 PET tracers, the intensity of uptake was determined by the semiquantitative index SUV max,
applying a spherical volume of interest (VOI) drawn around pathological uptake foci. SUV max
was calculated by measuring the maximal concentration of radiotracer in the VOI corrected for
body weight and injected activity. If several distinct pathological uptake foci were visualized
in a same site, we kept the lesion with the highest SUV nax for comparison.

Impact on management was determined in hindsight by comparing the patient
management decided before and after the *Ga-DOTATOC PET/CT result, when conclusions
of multidisciplinary consultation meetings were available in medical files. Management
changes were classified as major or minor. An intermodality management change, defined as a
management change between treatment modalities (e.g. from surgery to medical therapy or
from no treatment to therapy), was classified as a major change. A minor change corresponded
to an intramodality management change, defined as a management change within a treatment
modality (e.g. change of chemotherapy regimen or change of surgical procedure) or a
management change with no change of treatment (e.g. indication/no indication for biopsies or

other diagnostic examinations).
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To study if a correlation existed between ®*Ga-DOTATOC PET/CT uptake and grades of
hindgut NETs, we matched the site of tissue biopsy to the corresponding lesions on **Ga-
DOTATOC PET/CT and measured the SUVmax for these lesions. For patients who underwent

surgical resection of relevant lesions, we used *®*Ga-DOTATOC PET/CT before resection.

Standard of Truth

Standard of truth (SOT) to evaluate PET/CT results as true positive (TP), true negative
(TN), false positive (FP) and false positive (FP) was defined whenever possible on the basis of
histological diagnosis. However, verification of every lesion wasn’t feasible and ethically
justifiable in most of the cases due to the tumor load. Thus, clinical findings and further imaging
with a follow-up of at least 3 months were also considered as SOT to determine the diagnostic

performance of the examination and the clinical relevance of its impact.

Statistical Methods

Sensitivity and specificity of ®*Ga-DOTATOC PET/CT were calculated on per-patient
basis.

Results of the comparison between the different PET radiotracers were analyzed as
patient-based and lesion-based on the five concerned tumor sites, i.e. the presence of
pathological tracer uptake in the rectum, liver, bone, pancreas and pelvic lymph nodes. Fisher’s
exact test was used to compare the sensitivities of PET radiopharmaceuticals.

Ki-67 proliferative index (PI) and SUVmax were reported as median and interquartile
range (IQR). The following parameters were normally distributed according to the
Kolmogorov-Smirnov test. Thus, the correlation between Ki-67 PI and SUVax of the same

lesion was evaluated using Pearson’s correlation coefficient.
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Results

Patient Characteristics

A total of thirty consecutive patients were identified and their clinicopathologic features
are presented in Table 1. Of the 30 patients, 18 were males and 12 were females. The median
age at initial diagnosis was 55 years (range: 28—76 years old). The most common primary tumor
site was the rectum with a 9: 1 rectum-to-sigmoid colon ratio. The primary tumor was resected
before ¥Ga-DOTATOC PET/CT in 21 patients (70%) with a microscopic complete resection
(RO) in 12 patients and incomplete resection (R1 or R2) in 3 patients (unknown status of the
resection in the remaining 6 patients). Based on the histology of primary tumors, 13 patients
(43%) had a disease classified as NET G1, 16 (54%) a disease classified as NET G2 and 1 (3%)
a disease classified as NET G3, according to the 2019 WHO grading system.

Patient Gender  Apeat imltial  Primary site Histological grading Primary excision Smrgical PET/ICT  Time Interval berween

nn dingmosiz {WHO 2019 before SR PET  margin slatus ~ camera initial diagmosis snd
[years) 5R PET (months)
1 M 47 Rectam Gl Yes Rl PETCT 1 143
3 M 64 Rectam LE7 Np - PETICT 2 0
3 F 43 Recium il Yes NA PETICT 2 2
4 M 5 Rectam Gl No - PETCT I 1
5 F 49 Rectum Gl Yes Ril PETICT 1 4
1] M 43 Reetum Gl Yes Ril PETCT 2 49
7 F 37 Rectam Gl Yes Ri} PETICT 1
L] M L Rectum G2 Yes RO PETICT ] 148
9 F 52 Rectam G2 Ny - PETICT 1 0
1 M 42 Rectum G2 Mo - PET/CT 1 8
11 M 56 Recham Gl Yes Ril PETHCT 2 12
12 M 30 Rectam Gl Yes Rl PETICT ] 17
13 M (1] Rectam (2 Yea R} PETACT 2 3
14 F 53 Sigmaid colon Gl Yes Rit PETICT 1 2
15 F 57 Sigmaid colon Gl Yea R} PETHT 2 15
16 M 65 Sigmaoid colon G2 Yes NA PETCT 1 41
17 F 50 Rectam Gl No - PETICT2 5
18 M L) Recium Gl Yes R PETICT ] I8
1% F Ll Feectam Gl N - PETACT I 2
I M EH] Rectam Gl Yes Ril FETICT 1 T4
] F 44 Rctam G2 Yes il PETECT 1 I
1 F 50 Rectam Gl Yes NA PETCT 1 ]
13 F Th Rectam G2 Yes MA PETICT 1 0
.2 M 62 Rectam Gl Yeu A PETICT 1 125
15 P 37 Rectam Gl Yes N/A PETICT 1 4
{1 M a4 Rectam 3 Yes Ril PETICT 12
(Well diff 1u; Ki-67 30%4)

17 M 28 Rectum G2 Mo - PET/CT ] 2
b M i Rectam il Yes (meomplete) MRT PETICT 2 M
19 M 2 Rectam Gl No - PETHT2 ]
31 M 0 Rectum [en Na : PETICT 2 18

Table 1: Patient characteristics.

M: male; F: female; WHO: World Health Organization; SR: Somatostatin Receptors; Well diff tu: Well-differentiated tumor;
RO: no microscopic residual tumor; R1: microscopic residual tumor; MRT: macroscopic residual tumor, N/A: not available /
- no surgery done
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As presented in Table 2, patients were referred for staging after initial diagnosis of NET
(11 examinations), suspicion of incomplete resection of primary (1 examination), suspicion of
recurrence (5 examinations), restaging (5 examinations), selection of patients for SR-targeted-
peptide receptor radionuclide therapy (PRRT) (4 examinations) and systematic follow-up after
treatment (4 examinations).
All indications taken together, the median time interval between histological diagnosis and

%8Ga-DOTATOC PET/CT was 14 months, as reported in Table 1.
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Table 2: Results of *Ga-DOTATOC PET/CT on Per-Patient Basis.

CgA: Chromogranin A; TP: True-Positive; TN: True-Negative; PLN: Pelvic Lymph Nodes; ALN: Abdominal Lymph Nodes;

TLN: Thoracic Lymph Nodes; PL: Peritoneal Lesions; SRS: Somatostatin Receptor Scintigraphy,; CI: Conventional Imaging;

PRRT: Peptide Receptor Radionuclide Therapy / *histological record / - no lesion found
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8Ga-DOTATOC PET/CT results

On per-patient-based analysis, ®*Ga-DOTATOC PET/CT was accurate in 30 of the 30
examinations (20 TP and 10 TN), indicating a sensitivity of 100% and specificity of 100%
(Table 2). The histologic proof was obtained for at least one lesion in 14 of 20 patients with
positive ®*Ga-DOTATOC PET/CT and in one patient with negative *Ga-DOTATOC PET/CT
(TN confirmed histologically after biopsy of the polypectomy scar in patient no. 25).

%8Ga-DOTATOC PET/CT correctly identified the primary tumor in all patients with
primary not resected before the examination and in the patient with incomplete primary
resection (patient no. 28).

Away from the primary tumor, tumor sites that most frequently exhibited a pathological
uptake were the liver, bones and pelvic lymph nodes (PLN). PLN were notably detected in 7/11
of the patients referred for initial staging of the disease (patients no. 2, 3, 5, 9, 10, 19 and 27).
Moreover, ®Ga-DOTATOC PET/CT allowed to the diagnosis of unexpected distant metastases
in 4/11 of these patients (unexpected liver metastases in patient no. 9, unexpected bone
metastases in patients no. 2, 9 and 27 and unexpected spleen metastases (Fig. 2) in patient no.
17). In all patients with liver metastases diagnosed before ®Ga-DOTATOC PET/CT, this
examination was positive for liver involvement. Extra pelvic lymph node involvement was
rarely observed with a pathological uptake of abdominal and/or thoracic lymph nodes seen in
only 3 cases (patients no. 8, 23, 30), all indications included.

The grade of the hindgut NET, the primary tumor location (sigmoid colon or rectum) or
the PET machine used (PET 1 or 2) didn’t impacted the diagnostic performance of **Ga-
DOTATOC PET/CT.
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Figure 2: A 50-year-old woman (patient no. 17) was referred for initial staging after diagnosis of a rectal NET with liver
and bone metastases seen on CI. **Ga-DOTATOC PET/CT showed multiple liver metastases with a variable uptake due to
intralesional heterogeneity. Rectal primary presented an intense and homogenous uptake. Beside the know metastases,
spleen metastases and some additional osteoblastic bone metastases were clearly depicted with Ga-DOTATOC PET/CT.

Impact of *Ga-DOTATOC PET/CT on patient management

8Ga-DOTATOC PET/CT led to a management change in 17 patients (Table 3).
Management changes consisted of 12 major changes and 5 minor changes. Major intermodality
changes were observed in twelve patients: cancellation of previously planned liver transplant
(patient no. 1), indication for somatostatin analog therapy (patients no. 2, 3, 16), indication for
a previously unplanned surgical operation (patients no. 5 and 9), indication for chemotherapy
(patient no. 10), validation of PRRT project (patients no. 4, 12, 23 and 30) and indication for
chemoembolization of liver metastases (patient no. 24). Minor changes were intramodality
management changes or changes in the diagnostic strategy. Indeed, negative ®*Ga-DOTATOC
PET/CT led to cancellation of unnecessary biopsy or complementary imaging in four patients
(patients no. 7, 20, 21 and 25). All changes were retrospectively classified as pertinent apart
from a case of inadequate minor change consisting in an unnecessary pancreatic biopsy. In this
patient with multiple metastases (patient no. 6), a lesion in the tail of pancreas was questionable,
potentially consistent with adenocarcinoma. This lesion was misinterpreted as negative on the
initial report, leading to a biopsy which revealed a NET. The retrospective reading corrected

this misinterpretation (Fig 3).
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Table 3: Impact of ¥*Ga-DOTATOC PET/CT on patient management.

CI: Conventional Imaging; TP: True-Positive; TN: True-Negative; FN: False-Negative; CgA: Chromogranin A; PRRT:

Peptide Receptor Radionuclide Therapy; SSA: Somatostatin Analogue
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Figure 3: A 48-year-old man (patient no. 6) was referred to characterize a doubtful lesion of the pancreatic tail in a context
of metastatic rectal NET. (A) Axial ®* Ga-DOTATOC PET/CT images showed several liver metastases and a focus (SUVmax
9.8) localized at the tail of the pancreas (arrow), surrounded by areas of high physiological uptake in the spleen, left kidney
and left adrenal. This lesion was slightly visible on the corresponding non-enhanced CT scan (arrow). (B) Axial *F-FDG
PET/CT didn’t showed pathological uptake at pancreatic level. Axial gadolinium-enhanced T1-weighted fat saturated (C)
and axial enhanced-CT scan (D) images clearly displayed the atypical NET metastasis of the pancreatic tail, not enhanced at
arterial time and subsequently confirmed by biopsy (arrows).

Comparison with '*F-FDG and ' F-FDOPA PET/CT

In the 6 patients in whom '8F-FDG PET/CT had been also performed, as well as '*F-
FDOPA PET/CT in 3 of them, a clear superiority of *Ga-DOTATOC PET/CT over these 2
techniques was observed, especially at lesion-level, according to the number of lesions and to

the intensity of uptake (Table 4).
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Patientmo.  Lesionsites  ®Ga-DOTATOC: WE.FDG: WF-FDOPA: SUV s SUVimay SUV i
{Ki-6T PI) number of number of number of  ®Ga-DOTATOC "“F-FDG  "F-FDOPA
lesions lesions lesions
1 Nodes 1 ] 1] 4.7 npl npu
*Liver {1%) 5 ] 1] 322 npu api
*Rectum (3%) 2 I - 46.1 35 -
2 Nodes I | 20,1 14
*Liver (%) 5 ] 152 npu
Bones § ] - 44.8 npu -
3 Nodes h] 3 1] 112 16 npu
*Rectum (15%) 1 1 1] 18 4.6 npu
4 Nodes 2 ] ] 2. npy npu
Liver ] 5 1 447 1.5 npu
Bones ] 5 ] 435 7.2 5
3 *Nodes (1%) l | 56.] EY
*Liver {10%) 5 I 212 4
f Bones 3 0 16.% npu
*Pancreas (10%) | 1] . a5 pu -
Table 4: Comparison of lesion sites, number of lesions and SUVmax values of ** Ga-DOTATOC, '*F-FDG and "*F-FDOPA
PET/CT.

PI: Proliferative Index / npu: no pathological uptake / *histological record / - not performed

- Comparison with '*F-FDG PET/CT:

At patient-level, ®*Ga-DOTATOC PET/CT was TP in these 6 patients. '*F-FDG was TP
in 5 of them, showing at least one lesion and FN in one patient, indicating a sensitivity of 83%.
On a lesion basis in these 6 patients, *Ga-DOTATOC PET/CT detected 49 foci versus 18 on
BF_-FDG PET/CT, corresponding to a significant difference in sensitivity (p < 0,05; Fisher’s
exact test). Comparing **Ga-DOTATOC PET/CT and '®F-FDG PET/CT findings site by site,
%8Ga-DOTATOC PET/CT identified more foci in pelvic lymph nodes (10 vs 5), liver (20 vs 6),
bones (15 vs 5), pancreas (1 vs 0) and rectum (3 vs 2) level (Table 5).

Lesion sites 8Ga-DOTATOC PET/CT BBF.FDG PET/CT
PLN 10 5
Liver 20 6
Bones 15 5
Pancreas 1 0
Rectum 2
Total 49 18

Table 5: Number of lesions detected by **Ga-DOTATOC and "*F-FDG PET/CT.

PLN: Pelvic Lymph Nodes

- Comparison with * F-FDOPA PET/CT:



35

BF-FDOPA PET/CT was positive in 1 of 3 patients (patient no. 4), showing a few bone
lesions with a very low intensity of uptake and missing all the other extra osseous lesions (in
the primary tumor, lymph nodes and liver (Fig. 4)), indicating a sensitivity of 33%. On a lesion
basis in this patient no. 4, ®*Ga-DOTATOC PET/CT detected 24 foci versus 5 on *F-FDOPA
PET/CT, corresponding to a significant difference in sensitivity (p < 0,05; Fisher’s exact test).

The SUVmax values for each lesion detected with ®*Ga-DOTATOC PET/CT, '*F-FDG
and '8F-FDOPA PET/CT are reported in Table 4. Comparing lesion by lesion, ®®Ga-DOTATOC

PET/CT SUVmax was clearly higher in all lesions.
£
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Figure 4: Anterior view of 3D Maximum intensity projection PET images: "*F-FDOPA (A), ®*Ga-DOTATOC (B) and °F-
FDG (C) PET images performed on a 77-year-old man (patient no. 4) for workup before new treatment strategy of a
progressive metastatic rectal NET. All three radiotracers identified lesions at bone level (arrows). However, %Ga-
DOTATOC and *F-FDG PET identified many more lesions than 5 F-FDOPA. " F-FDOPA didn’t showed extraosseous
lesions. ®*Ga-DOTATOC and '*F-FDG PET identified the primary and lesions at liver level while only ®Ga-DOTATOC
identified lesions at pelvic lymph node level. ® Ga-DOTATOC PET clearly showed a much more intense uptake than other
radiotracers.

Study of the relationship between Ki-67 PI and **Ga-DOTATOC PET/CT
uptake

There was no correlation between Ki-67 PI and SUVmax among 17 lesions (r =—0.15, P
= 0.56); (Fig. 5). Among these 17 lesions, 4 (24%) grade 1 samples had a median Ki-67 PI of
1% (IQR, 1-1) and median SUVmax of 27.2 (IQR, 21.5 —38.2) and 13 (76%) grade 2 samples
had a median Ki-67 PI of 9% (IQR, 5-10) and median SUVmax of 23.6 (IQR, 19.7-35,2).

Subgroup analysis of an association between Ki-67 PI and SUVnax within grade 2 sample was
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not significant (r =—0.03, P =0.95) and could not be carried out for grades 1 due to a too small

sample (Table 6).
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Figure 5: Relationship between Ki-67 and **Ga-DOTATOC SUVmax. No demonstrated correlation.

Histological grading Total, n (%) Ki-67 PL, Median (%)  SUVna, Median P
(WHO 2019) {(n=17) (IQR) (IQR)
1 4(24) 1{1-1) 27.2(21.5-38.2) ns
2 13 (76) 9 (5-10) 23.6(19.7-35,2) 0,95

Table 6: Match Lesions—Ki-67 PI and SUVmax.

ns: no signification; IQR: InterQuartile Range; WHO: World Health Organization; PI: Proliferative Index
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Discussion

To the best of our knowledge, the present study is the first to explore the diagnostic
performance of SR PET/CT in the specific context of hindgut NETs. Our results indicate a
100% sensitivity and specificity of®*Ga-DOTATOC PET/CT, on a per-patient basis, consistent
with the known high performance of ®*Ga-DOTATOC PET/CT and more generally of SR PET
in well-differentiated NETs, whatever their origin. In this respect, 2 meta-analysis showed a
pooled sensitivity and specificity of ®®*Ga-DOTATOC PET/CT of 92% to 93% and of 82% to
85%, respectively (17, 18), in different types of NETs.

Clinicopathological characteristics of our study population were comparable to those of
large epidemiologic cohorts in terms of male-to-female ratio, median age at initial diagnosis
and proportion of colic and rectal NETs (19-21) with a high predominance of rectal localization.
The most represented histological grade in our study was grade 2, which differs significantly
from the high predominance (95%) of grade 1 described by Kim et al. (19) but the majority of
the patients in our study were referred for extensive disease although 93.1% of patients in the
descriptive study by Kim et al. (19) had a localized disease.

We reported that lymph nodes were a common site for metastases, mainly in the pelvis with
involvement of pre-sacral nodes and nodes adjacent to the iliac arteriovenous system, a
distribution corresponding to that described by Gut et al (22). In this respect, it is interesting to
note that this lymph node distribution seems to differ from that of foregut and midgut NETs
where the lymph node involvement is more widespread, especially for midgut NETs with a
frequent involvement of supra diaphragmatic lymph nodes (23, 24). In our series, hindgut NETs
involved supra-diaphragmatic lymph nodes in only 2/30 patients (patients no. 23 and 30) who
were being followed for a spread disease in a context of therapeutic failure.

We also reported an atypical splenic involvement in one patient referred for initial staging
(patient no. 17), associated with synchronous multiple liver and bone metastases. NET
metastases involving the spleen are extremely rare with an estimated prevalence of 0.07% (25)
because it is believed that reticulo-endothelial tissue create an unfavorable environment for the
growth and survival of tumor cells (26, 27). To our knowledge, splenic involvement had never
been reported in hindgut NETSs before. Splenic metastases may originate from the splenic artery,
splenic vein or lymphatics. In the present patient, we supposed an hematogenous origin

considering the multiple visceral metastases associated.
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We have shown an excellent diagnostic performance of *Ga-DOTATOC PET/CT, on
patient basis and also on site basis, although it is evident that every site cannot be checked. This
excellent performance led to a change in management in 57% of patients, a proportion similar
to that (51%) reported in the metanalysis of Graham et al. (17), considering all types of NETs.
%Ga-DOTATOC PET/CT greatly impacted management by allowing identification of
additional sites of disease when surgery with curative intent was considered and provided
significant additional information compared with anatomic imaging. This additional
information most commonly consisted of unexpected identification of disease in bone, liver,

and nodal sites.

The impact in our study was pertinent in all cases except for a minor inadequate change
in a patient (patient no. 6, Fig. 3) for whom it was a misinterpretation of the ®*Ga-DOTATOC
PET/CT which led to an unnecessary pancreatic biopsy. The re reading performed, with careful
confrontation of ®*Ga-DOTATOC PET/CT with contrast-enhanced CT and MRI allowed to
retrospectively correctly characterize this pancreatic lesion whose the uptake was significant
but of moderate intensity, in a location (the tail of pancreas) surrounded by zones of high
physiologic uptake as spleen and kidney. This example emphasizes the need of confrontation
of SR PET with highly specialized morphologic imaging techniques even if, globally, SR PET

has been shown superior to anatomic imaging (28) for well-differentiated NETs.

Along with SR PET, NETs can be imaged by using PET with other
radiopharmaceuticals. '*F-FDG and '®F-FDOPA are commonly used in nuclear medicine in
order to study different aspects of tumor biology such as glucose or amino acid metabolism. In
the present paper, we have realized an intra-individual comparison of the results in the few
patients who were also explored with '®F-FDG and/or 'F-FDOPA PET/CT. Overall, the
sensitivity of *Ga-DOTATOC PET/CT was clearly superior to that of '®F-FDG PET/CT. '8F-
FDG PET/CT identified only the same lesions detected on ®*Ga-DOTATOC PET/CT with no
additional tumor site. ®*Ga-DOTATOC PET/CT was able to detect a higher number of lesions
at rectum, pelvic lymph node, bone and liver level. Compared with 'F-FDG PET/CT, %¥Ga-
DOTATOC had an extraordinary target-to-background contrast, reflected in high standardized
uptake values, which are significantly greater than those seen with '*F-FDG. Indeed, given the
low metabolic rate of most well-differentiated NETs, standard PET imaging using '*F-FDG is
relatively ineffective, but positivity denotes highly aggressive lesions and worse prognosis (29-

31). Conversely with the prognostic interest of a complementary '*F-FDG PET/CT exploration
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in well-differentiated hindgut NETs, we found no interest of '®F-FDOPA PET/CT which had a
very poor performance. In digestive NETs, this poor performance is also observed in foregut
NETs, contrasting with the fact that '*F-FDOPA PET/CT is an excellent tool in NETs deriving
from midgut (32) with a performance sometimes better than that of SR-PET (23).

Otherwise, we did not find any correlation between Ki-67 PI and ®*Ga-DOTATOC
PET/CT PET SUVmax values which differs from the results of Chan et al. study (33) where an
inverse correlation between Ki-67 PI and SUVmax was observed in NETs. It might be explained

by the low statistical power of our analysis.

The main limitation of our study is its retrospective design however linked to the rarity
of patients presently referred for this indication. It is mainly due to an access to SR-PET still
limited in terms of PET/CT machines and ®Ga generators but we should see an increase of
patients referred as hindgut NETs are not rare, especially rectal NETs for whom the incidence
is increasing for several years (34).

A second limitation is the selection bias, as most patients were referred for %®Ga-
DOTATOC PET/CT after other imaging techniques had failed or had given insufficient results,
preventing a real comparison between the performance of ®Ga-DOTATOC PET/CT and the

performance of other imaging modalities.
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Conclusion

8Ga-DOTATOC PET/CT appears as an accurate imaging modality in the assessment
of well-differentiated NETs deriving from hindgut with a high pertinent impact on patient
management. We suggest that ®*Ga-DOTATOC PET/CT should be employed as the first-choice
nuclear medicine modality, possibly with '®F-FDG PET/CT as a complementary method for its
interest in evaluation of prognosis of the disease.
By contrast and subject to the limited experience with '*F-FDOPA PET/CT, this examination

does not seem to have any added value in this indication.
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CONCLUSION GENERALE

Nous avons montré que la TEP/TDM au %Ga-DOTATOC était un examen trés
performant dans I’exploration des TNE colorectales bien différenciées dérivant de I’intestin
postérieur (ou hindgut). En effet, cet examen, en plus de présenter de hautes valeurs de
sensibilité et de spécificité, impactait de fagon pertinente la prise en charge dans plus d’un cas
sur deux, avec pour conséquences une escalade ou au contraire une désescalade thérapeutique
pour les patients de notre cohorte. Notre étude a également montré que le choix du
radiotraceur ®Ga-DOTATOC apparaissait plus approprié que celui des radiotraceurs '8F-
FDOPA et 'F-FDG lors de I’exploration de ces tumeurs car il permettait la détection d’un
plus grand nombre de lésions malignes. Le radiotraceur 'SF-FDG pourrait demeurer cependant
utile, en complément du **Ga-DOTATOC, dans I’exploration des TNE colorectales, en raison
de son potentiel intérét dans 1'évaluation pronostique de la maladie. Nos données
préliminaires ne semblent par contre pas mettre en évidence d’intérét diagnostique de la TEP

a la '8F-FDOPA dans cette indication.
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Introduction : Notre étude rétrospective avait pour principaux buts de déterminer la
performance diagnostique de la TEP/TDM au **Ga-DOTATOC chez les patients atteints de
TNE colorectales bien différenciées dérivant de l'intestin postérieur et d’évaluer I’impact de
cet examen sur la prise en charge des patients.

Matériels et méthodes : Nous avons analysé les résultats de TEP/TDM au **Ga-DOTATOC
ainsi que les données cliniques de 30 patients atteints de TNE colorectales bien différenciées
dérivant de l'intestin postérieur ; ces résultats étaient confrontés aux données
anatomopathologiques et/ou de suivi des différents patients. L'impact de notre examen sur la
prise en charge des patients a été déterminé a posteriori, en comparant la prise en charge
envisagée avant I’examen TEP a celle décidée apres, lorsque nous disposions des
informations utiles.

Résultats : Notre analyse par patient a montré que la TEP/TDM au ®*Ga-DOTATOC était
performante chez les 30 patients de I’étude. Cette technique d’imagerie a correctement
identifié¢ la tumeur primitive, lorsqu’elle était encore en place, et a permis la détection de
métastases méconnues chez 36% des patients adressés pour réalisation d’un bilan d’extension
initial. Les résultats de la TEP/TDM au *®Ga-DOTATOC ont entrainé une modification de la
prise en charge chez 57 % des patients.

Conclusion : La TEP/TDM au *®Ga-DOTATOC est une technique d'imagerie performante
pour I’exploration des patients atteints de TNE colorectales bien différenciées et qui impacte
de facon importante leur prise en charge.
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