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Cancer : Modalités thérapeutiques en 2017
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Histoire des immunothérapies

Stimuler la Augmenterla Eduquer le systéme terféreravec la
réaction reconnaissance des immunitaire contre un régulation

immunitaire cellules cancéreuses antigéne speécifique du cancer immunitaire
globale Spécifique de I'antigéne Spécifigue de I'antigéne Indépendant de

'antigéne

Anticorps monoclonaux

thérapeutiques Vaccins thérapeutiques
Rituximab dans le traitement du lymphome Sipuleucel-T dansle traitement du
folliculaire ou trastuzumab dans|e traitement cancer dela prostate

du cancer du sein

Her-2
trastuzumab
IL-2 1998 EGFR
1992 cD20 cefuximab — 2003
IFN-a —— panitumumab - 2006 - Anti-CTLA4
1986 rituximab —1997 Sipuleucel T ipilimumab - 2011

ofatumumab - 2009 Ag-loaded DC - 2010

Diapositive empruntée au Dr Isabelle Lavrard — laboratoire BMS



Les check-point inhibiteurs

How do immune checkpoint inhibitors work?

Immune checkpoint
inhibitors

Tumor cells turn off activated
T cells when they attach
to specific T-cell receptors.

©  OFF
y Immune checkpoint inhibitors prevent
Receptor tumor cells from attaching to T cells

so T cells stay activated. @ﬂ
- . g » [ T colls following interaction following interaction with
Immune checkpoint inhibitors target o i )

either T cells (V) or tumor cells (V).

D’aprées JAMA Oncology April 2015

« Les + connus »
CTLA4 mAb: Ipilimumab
Anti-PD1 mAb: nivolumab, pembrolizumab,
pidizulomab

W Chen’ and Daflas B. Flies'? NATUREREVIEWS|IMMUNOLOGY VOLUME 13| APRIL 2013 | 227




Particularités de I'immuno-thérapie

> Réponses différentes par rapport aux réponses aux traitements
conventionnels avec une efficacité parfois retardée et la notion
de progression initiale avant régression

> Une MS durable peut étre en rapport avec une efficacité
antitumorale

> Neécessité de tolérance d’une progression minime infra-clinique
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Adapted from Wolchok ID, et al. Clin Cancer Res.
2009;15:7412-7420;




Particularités de I'immuno-thérapie

> Tolérance: Notion d’irAEs « Immune reactive adverse effects »

Radiologic Manifestations of
Immune-Related Adverse Events
in Patients With Metastatic

Melanoma Undergoing Anti- PD-1 Blockade with Nivolumab in Relapsed or Refractory
CTLA-4 Antibody Therapy G
Hodgkin’s Lymphoma
. Ipi
| pi 1pi Ipi Table 2. Drug-Related Adverse Events in the 23 Patients.*
Ipi | pi pi
i it Any Gi ade 3
Ip' . ‘ /_N/__--\./-~ R e Pancreatitis 3
‘ no. of patients (%}
Any adverse event 18 (78) 5 (22) Pneumonitis 3
e Drug-related adverse events reported In =5%
tm J Clin Ol 2012:35:606 611 of patients Gastrointestinal inflammation 3
Rash 5(22) 0
Decreased platelet count 41n 0 Stomatitis 3
Fatigue (1) 0 "
SD ¢ Colitis 3
Pyrexia 3(13) 0
’_—/—' Diarrhea 31(13) 0
CR Nausea 31(13) 0
\ Pruritus 3(13) 0 Bacteremia 4
- Cough 209) 0
irAES Hypothyroidism 2(9) o Enchephalitis 3
Decreased lymphocyte count 2(9) 1(4)
Immune cell X Graft versus host disease 5
tivati d Inflammation Measurable Hypophosphatemia 2(9) 0
activation an Rl H ) (
. observed clinical effect R s Infection 3
pfOllfefallOfl Increased lipase level 2(9) 1(4)
Stomatitis 2(9) 1{4) Pneumonia mycoplasma 3
Median Interval Rusponse (No. of Patients) Drug-related serlous adverse events
Betwoen Startat | T s 5
No.of | Clinically Evidunt | Medean Duration Trustment snd Cantroded Progressive Myelodysplastic syndrome 1(4) 1(4) Skin infection 3
Evant Patianta Advorsa Event of Therapy Imo) Adverse Event {mo) Diseass Disease L
ymph-node pain 1(4) 0
Calitia 6(5.0) Yo 91(3-3%) 3(2-26) 2 L} Pt 1 4) 1 (4) Sma" intestinal infection 3
Hypophysitis 2017 Yot He-9 22 1 1 )
Arthritis 434 Yes 18(8-36) 8(2-14) 3 1
Thyrolditis 108 Yo 9 i 1 0
Lymphadanopathy LIUR ] No 32-m 5(1-13) 5 3
3 rrl o ;
Myositis 2000 No 31 (36-37) 5(3-0) ] 0 N Engl ] Med 2015;372:311-9
Hetroperitonan! fat opacities N No | 20 (4-28) | §i2-18) b 0

Note—Vahies in parentheses are percentagss of range




Tumeurs solides : Evaluation thérapeutique
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WHO RECIST w11
Meamrement of umour burden Bidimensional Unidimensional
Mandmum number of trget lesions 10 4
Classd fication of new lesions Py Py
CR Disappearance of all lesions Dvisappearance of all lesions

PR
=1
(L H]

5% decrease in the wmour burden  >30% decresse in the umour burden

Meither PR nor PI2 Meither PR nor FI?
'._:-! 5% increase in umour burden 'i!ﬂ'.ih iner e ..m-:l;_*ﬁrnrl ahanlule
Mew lesiomns incresie in tumour burden

NL'\'F |m .KE"II:\

Criteres métaboliques

PERCIST 209

SUWpeak, nomealized i kean body
miass (STIL)

SUL increase by at least 30% and increase
in by at least 08 SUL units of the target leson
—ir
Drewelopme nt of at lexst one new lesion
—r—
Increase inomrget kesion size by 309%
— -
Uneaquivioe sl progression of non-target lesions
Increase or docrease of SUL by ks than 30%

Do rease of SUL by > = 30% and at least 0.8 SUL
wnits difference

— A

Mo new FIG-avid lesions,

— And—

Mo incrmase in size = 30% of the @rget lesion

— And—

N incrase in SUL or size of naon-target kesion

FO G uptake indistinguishable from sumowndng
backgrownd

— Amd—

SUL less them liver




Lymphomes: Evaluation thérapeutique

WOLUME 32 + NUMBER 27 « SEPTEMBER 20 2074

JOURNAL OF CLINICAL ONCOLOGY SPECIAL ARTICLE

Cellules cancareuses

ATTAQUE i %g0 %0 Recommendations for Initial Evaluation, Staging, and
000350 °%°°o° o ; Response Assessment of Hodgkin and Non-Hodgkin
L Lymphoma: The Lugano Classification

Bruce I, Cheson, Réchard 1. Fisher, Sally F. Barringeon, Framo Covalli, Lawrence H. Schwarez,
Frrupnuele Fucon, and T. Andrew Liseer

+ S

Ressponse and Site PET-CT-Based Response CT-Based Response
Comglate matabolic reaponse Complata radiologic responsa (il of the folowing)
Lymph nodcz and Scora 1, 2, or 3° wath or wathout a rezidual mazs on BPSE Target nodesiodsl maszas must regress to = 1.5 cm in LDi
oy It 1= tocogrezod that i Waldoyer's nng or dutos Mo silos ol drcase

sitos = o
narmial tissua even & the tississ has high physiclogic
Nonmessured bosion Not appheatie Abmont
Organ eedargament Not apphcable Regress to nomal
X New lozions Nena Nona
Baone marow No evsdance of FOG-awnd disesse 0 masrow Normal by morphology. if mdeteammnate, HC negstive
Partial Partial matabole rasponse Partial ramession (ol of the folovang)
Lymph nodos and Scora 4 or 51 with roduced uptake compared with bascine = B0% docraaze i SPD of up to 6 targat maszurablo nodes
oxtrayinphstc sies and resadual messles) of sy sze o) eoxmanodal sites.
At mtenm, these findings suggest rsponding disaxse When 2 ksion & 100 =mall to maesum on CT, assgn 5 men x 5

mim 2 the dofak value
At and of treatment, these findings ndicate residual dsease  When no longar wisibla, 0 x 0 men
For 2 nodo > & mm x & mm, but smallor than normal, u=e
actud messurement for calculation

Nonmaazired kezion: Not apphcatio Abcenthormal, ragrassed, but na incraasa
Organ crérgament Not appbcablc Sphoon muzt have rograzsed by > 50% in lngth boyond
Now kasions Noraa Nana
Bane Rosdud normal but  Not
marrow ; Iaghor then uptsko ey e
compatible wath reacive dhanges fiom

Mmmnmummmmm
or an miterval scan

No response of stable drssase  No mstabob response Stable duoase
Targot nodesiodal masses,  Score 4 or 5 with no significant change in FDG uptaks from /mwmmw.nwdwmsm
extranodal kosons bascine at mteren or end ol treatment messurabio nodos and cxtranodal sAes, no ctona for
dsasso a0 met
Nonmoazred lesions Not apphcable No increaso conmisiont with progroszion
Organ enkargoment Not apphoable No mcrcase conmisiont with progrosson
Now basions. Noea Naone
Hana marrow rbdwgnhmhuim ot sppicatic
e o metsbole dsoszo Progressmv drsase roquros st kest 1 of the Iolowing

Indradual target nodasodal ‘;cm;AorSwnthnmmdwm PPD prograssion

Extranodsl kesions Mmme'wwwmﬂummmumunu ulwl-! nodkfesion must be sboomal with:
end-of-traatmant asseasmant > 15 em and
hamby = 50% from PPO nadit and
An nczaasa in LD or SDi from nadir
05 an lor lesions = 2 am

1.0 om for lesions > 2 em
In the setting ol splonc longth must
wraase by = 5 dmmmdummm

bazcine fog, 3 15.cm sploen must meaze to
216 . no pror splemamegely st crosse by o
from bazchne

Nmamum
Nonmaeaswred lasions Nooa Naw or clear of
lesions




Tumeurs solides, Lymphomes : Evaluation thérapeutique de I'immunothérapie
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| Immune-related Response Criteria
(irRC)?!

Cancer Therapy: Clinical

Guidelines for the Evaluation of Immune Therapy Activity in Sol.u
Tumors: Immune-Related Response Criteria
Jedd D. Wolchok,' Axel Hoos,® Steven O'Day,” Jeffrey S. Weber,* Omid Hamid,* Celeste Lebba,®

Michele Maio,® Michael Binder,” Oliver Bohnsack,® Geoffrey Nichol,®
Rachel Hl.,lrﬂ[:rhrE:\.r.2 and F. Stephen Hodi'®

r_E, complete dsoppearance of all lesions
[whether measurable or not, and no new lesions),
and confirmation by a repeat consecutive
assessment no less than 4 weelks from the date first
documented

irPR, decrease in tumor burden 250% relative to
bazeline confirmed by a consecutive assessment at
least 4 weeks after first documentation

5D, not meeting the crtera for irCE or irfPR, in
absence of irfPD

irP D, increase in tumor burden 2 25% relative to nadir
{minirum recorded tumor burden) and
confirmation by a repeat, consecutive assessment
no less than 4 weeks from the date first docurmented

Table 1. Comparison between WHO criteria and the irRC

compared with baseline in two observations
at least 4 wk apart, in absence of new lesions or
unequivocal progression of non-index lesions

5D 50% decrease in SPD compared with baseline
cannot be established nor 25% increase
compared with nadir, in absence of new lesions or
unequivocal progression of non-index lesions

PD At least 25% increase in SPD compared with
nadir and/or unequivocal progression of non-index
lesions and/or appearance of new lesions
(at any single tinwe point)

WHO irRC
Mew, measurable lesions Always represent PD Incorporated into tumor burden
(i.e., 25 x 5mm)
MNew, nonmeasurable Always represant PD Do not define progression
lesions (i.e., =5 = 5 mm) (but preclude irCR)
Mon-index lesions Changes contribute to defining Contribute to defining irCR
BOR of CR, PR, SD, and FD (complete disappearance required)
CR Disappearance of all lesions in two consecutive Disappearance of all lesions in two consecutive
observations not |ess than 4 wk apart ohservations not less than 4 wk apart
PR 250% decrease in SPD of all index lesions 250% decrease in tumor burden compared

with baseline in two observations at
least 4 wk apart

50% decrease in tumor burden
compared with baseline cannot be established
nor 25% increase compared with nadir

At least 25% increase intumor burden compared
with nadir {at any single time point] in two
consecutive observations at least 4 wk apart

31 - Welchok 1D, Hoos A O'Day 5. et al. Guidelines for the evaluation of immune therapy activity in zolid tumorsz: Immunerelated response criteria.

Chin Cancer Ras 2009;15:7412-7420
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s Non-PD per RECIST and irRC
PD per RECIST, non-PD per irRC
s PD per RECIST and irRC

Overall Survival (%)

0 2 4 6 8 10 12 14 16 18
Time (months)

No. at risk
Non-PD per RECIST and irRC 331 331 329 321 301
PD per RECIST, non-PD per irRC 84 84 79 71 60

219 192 159 136 79 60 56 31 8 [
44 37 28 22 13 9 6 3 2 1

MAY 1, 2016

NAL REPORT

ORI G

Evaluation of Immune-Related Response Criteria and
RECIST vl.1 in Patients With Advanced Melanoma Treated

With Pembrolizumab

E Stephen Hodi, Wen-Jen Hwu, Richard Kefford, Jeffrey S. Weber, Adil Daud, Omid Hamid, Amita Patnaik,
Antoni Ribas, Caroline Robert, Tara C. Gangadhar, Anthony M. Joshua, Peter Hersey, Roxana Dronca,
Richard Joseph, Darcy Hille, Dahai Xue, Xiaoyun Nicole Li, S. Peter Kang, Scot Ebbinghaus, Andrea Perrone, and
Jedd D. Wolchok

PD per RECIST and irRC 177 177 139 109 75 48 33 23 20 15 10 8 1 1 [
Table 1. Comparison of Key Differences in RECIST v1.1 and irRC
Category RECIST w1.1 irRC

Unidimensional
Maximum, 5%

Measurement of tumor burden
Target lesions
New lesion

Complete response

Partial response
Confirmation required

Progressive disease
with nadir

Appearance of new lesions or progression of nontarget lesions

Stable disease

Results in progressive disease at first appearance

onfirmation required
= 30% decrease in tumor burden comparedmrtrTseTe = T
Confirmation required

= 20% + 5-mm absolute increase in tumor burden compared

Bidimensional
Maximum, 15 index lesions

Up to 10 new visceral lesions and 5 cutanecus lesions may be
added to the sum of the products of the two largest
perpendicular diameters of all index lesions at any time point

Disappearance of all target and nontarget lesions
Modes must regress to << 10 mm short axis
Mo new lesions

&0 furmor burden compared with baselinet

= 25% Increase in tumor burden compared with baseline,
nadir, or reset baselinet
f 8 or burden

onfirmation requireg
Meither partial response nor progressive disease

D’apres cette étude les criteres RECIST sous-estiment la réponse chez 15% des patients

Hodi et al. JCO 2016



Vers Ir-RECIST?

Table 1 Summmary of the majer differences between WHO, RECIST w11, vBC and FRECTIST class ficaiiom

WHO RECTST 1.1 i RECIST

Meamiremend of tumour urden Bidimensional Ui clime redonal Bidlime msional Ui en omal

haximum number of trget lesions 10 5 1 wisceral, 5 cutaneous 5

[l fication of new lesions PLx PLx Aclded i mmour burden Aulded i mmour burden

R Dissgpearamce of all lesions Drissppe aramee of all lesions Drisappearancs of all lesions Drissppearance of all lesdms

PR =50 decresse in the umour burden  >304% decresse in e umourburden  >504% decrease in umour burden  >304% decresse in the umour burden

SIx Meither PR nos PD Meither PR nor PD Meither PR o7 FI» Neither PR or PI

FLx >25% increase in umour burden 220F% increse and >5mm shaolue  >25% incresse in umowr burden  >200% incresse and >5mm shaolule increase in
Mew lesiom increzie in tumour bunden s burden

Mew lesions

Ablweviations: WIHO, World Health Organisation; BECIST v i 1, Response Evaluation Criteria In Solid Tumows version 1.1 (80, Invune-nelsted Respome Critena; SRECIET, Inmune-relsied Regpome
Evaluation Criteria In Solid Tumours, OF, complete regpome; PR, partial response; S0 stable disese: M, progesive disexse

Wong, EJNM 2017



Quid de la TEP-FDG???

Cancer cell (g
Lymphocyte

Macrophage (@)

Tumor
immunotherapy Response by WHO

or RECIST

Progression

slin Cancer Res 2009;15(23):7412-20

irAEs

Pancreatitis 3
Pneumonitis 3
Gastrointestinal inflammation 3
Stomatitis 3
Colitis 3

—)

Augmentation de la SUV MAX:
Progression tumorale

ou

Réaction inflammatoire?

—

Apparition de nouvelles fixations:
Progression tumorale

ou

Manifestations immunes?

Thyroidite, sarcoidose, |ésions spléniques, hépatiques...



e

-

August 2012 November 2012 October 2014

Pseudo progression tumorale + « immune effect » suivi d’'une RC métabolique a... 2 ans

Wong, EJNM 2017



Et le lymphome?

* Intérét croissant des « checkpoints inhibiteurs »
dans la maladie de Hodgkin

PD-1 Blockade with Nivolumab in Relapsed or Refractory Hodgkin's
Lymphoma

Stephen M_Ansell, M.D., Ph.D., Alexander M. L esokhin. M.D., lvan Borrello, M.D., Ahmad Halwani, M.D., Emma C.
Scott, M.D., Martin Gutierrez, M.D., Stephen J. Schuster, M.D., Michagl M. Millenson, M.D., Deepika Catiry, M.5.,
Gordon J. Freeman, Ph.D., Scott J. Rodig, M.D., Ph.D., Bjoern Chapuy, M.D., Ph.D., Azra H. Ligon, Ph.D., Lili Zhu,
M.5., Joseph F. Grosso, Ph.D., Su Young Kim, M.D., Ph.D., John M. Timmerman, M.D., Margaret A. Shipp, M.D., and

Philippe Armand, M.D., Ph.D.

NEJM 2015

e Comment évaluer la réponse?
— Lugano? Mais quid de la pseudo-progression..

— irRC: criteres non adaptés et uniqguement
« morphologiques »



May 2015 October 2015 December 2015

TEP Initiale Progression? Progression? Infection?

Cheson, Blood 2016



Refinement of the Lugano classification response criteria for lymphoma in
the era of immunomodulatory therapy

Bruce D. Cheson, Stephen Ansell, Lamry Schwariz, Leo | Gordon, Ranjana Advani, Heather A, Jacene,
Axel Hoos, Sally F. Barrington and Philippe Armand

lugano  PET-CT,score 1, 2, or 3* PET-CT Score 4 or 5 with reduced PET-CT score 4 or 5 with an increase in intensity of uptake from bazeline
with or withowt a residual uptake compared with baseline and/or new FDG-avid foci consistent with lymphoma at interim or end-
rnass on 5P5t and residual mass{es) of amy size. of-treatment assessment.
OR OF OR
on CT, target nodes /nodal On CT 2 50% decrease in SPD ofup  On CT, an individual node /lesion must be abnormal with: LDi > 1.5 cm
Masses must regress to £ o & target measurable nodes and and Increase by 2 50% from PPD nadir and An increase in LD or S0i
1.5 cmin LM extranodal sites from nadir 0.5 cm for lesions = 2 cm 1.0 cm for lesions = 2 om In the

setting of splenomegaly, the splenic length must increase by =50% of the
extent of its prior increase beyond baseline [eg, a 15-cm spleen must
increase to > 16 cm). If ne prior splenomegaly, must increase by at least
2 o from baseline Mew or recurrent splenomegaly. New or clear
progression of preexisiting nonmeasured lesions. Regrowth of previously
resolved lesions. A new node > 1.5 om in amy axis or a new extranocdal
site > 1.0 cm in any axis; if < 1.0 cm in any axis, its presence must be
unequivocal and must be attributable to ymphoma

LYRIC Same as Lugano Same as Lugano Az with Lugano with the following exceptions:
Indeterminate response (IR) IR1: >50% increase in SPD in first 12 wks
IR2: <50% increase in SPD with a. Mew lesion{s), or b. >50% increase in
PPD of a lesion or set of lesions at any time during treatment IR{3):
Increasze in FOG wptake without a concomitant increase in lesion size

mieeting criteria for PO
Cheson, Blood 2016 l I

<«
IR1: Augmentation de la charge IR2: Augmentation de la charge ondel ond
tumorale globale (évaluee par la tumorale globale < 50% avec soit a) IR3: Augmentation de la captation du

FDG d'une ou de plusieurs lésions sans
augmentation concomitante de la
taille ou du nombre de lésions

somme du produit des diameétres
[SPD]) de 250% de jusqu'a 6 lésions
mesurables au cours des 12
premieres semaines de traitement,

sans détérioration clinique

Apparition de nouvelles Iésions ou b)
croissance de 250% d'une ou plusieurs
Iésions existantes a tout moment
pendant le traitement

Contrble a 12 semaines (ou avant si signes cliniques) pour réévaluer la réponse



May 2015 October 2015 December 2015

TEP Initiale Pseudo-progression Pseudo-progression

PET/CT demonstrating pseudo-progression in a patient on nivolumab for Hodgkin lymphoma. May 2015, pre-treatment, October and December
2015 shows transient flares in different nodal groups without overall progression in the original target lesions.

Cheson, Blood 2016



Conclusion

» Pour l'instant pas d’étude prospective évaluant
la place de |la TEP-FDG pour la réponse aux
immunothérapies

» Beaucoup de question subsistent: Quel délai?
Quels criteres? PERCIST? Nécessité de définir des

criteres Ir-PERCIST? LYRIC?

» Nécessité d’études prospectives++++



Quelgues recommandations:

Attention aux faux-positifs liés aux effets immunitaires : colite,
sarcoidose-like, adénopathie, pneumopathie/PID, hépatite,
thyroidite, pancréatite.

Intérét majeur de confronter les résultats aux données cliniques
(traitement, contexte, symptomes).

Attention aux pseudo-progressions tumorales par infiltration
inflammatoire de la tumeur.

Intérét +++ d’'un examen de confirmation quelques semaines plus
tard (au moins 4 semaines?)



A propos des « Check-points inhibiteurs »

lIs agissent en inhibant I'action des lymphocytes T
contre les cellules tumorales

lIs agissent en empéchant I'inactivation des
lymphocytes T par les cellules tumorales

La réponse « optimale » au traitement est toujours
observeée dans les semaines qui suivent l'initiation du
traitement

La réponse optimale au traitement peut étre
observéee plusieurs mois apres l'initiation du
traitement

Des pseudo-progressions tumorales peuvent étre
observées avec ces traitements



A.

B.

C.

A propos des Check-points inhibiteurs

lIs agissent en inhibant |'action des lymphocytes
T contre les cellules tumorales

Is agissent en empéchant I'inactivation des
vmphocytes T par les cellules tumorales

La réponse « optimale » au traitement est
toujours observée dans les semaines qui suivent
Iinitiation du traitement

. La réponse optimale peut étre observée

plusieurs mois apres l'initiation du traitement

Des pseudo-progressions tumorales peuvent
etre observées avec ces traitements



A propos de I'évaluation thérapeutique des « Check-
points inhibiteurs »

Les criteres « irRC » sont des criteres basés sur
I’évaluation morphologique.

Ces criteres prennent en compte la notion de pseudo-
progression tumorale

Ces criteres sont adapteés pour I’évaluation des
lymphomes

Les CPI ne sont pas efficaces dans les lymphopathies
Les criteres LYRIC, criteres basés sur les données

morphologiques et métaboliques, sont proposés pour
I’évaluation thérapeutique des hémopathies



A propos de I'évaluation thérapeutique des « Check-

points inhibiteurs »

Les criteres « irRC » sont des criteres basés sur
I"évaluation morphologique.

Ces criteres prennent en compte la notion de pseudo-
progression tumorale

Ces criteres sont adapteés pour I’évaluation des
lymphomes

Les CPIl ne sont pas efficaces dans les lymphopathies
Les criteres LYRIC, criteres basés sur les données

morphologiques et métaboliques, sont proposés pour
I"évaluation thérapeutique des hémopathies



