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* Les immunothérapies antitumorales

 Spécificités diagnostiques des infections sous ICI

* Infections et Inhibiteurs de points de controle
* Pyogenes
e TBC/MNT
* PCP/Aspergillus
e Cas du covid
* Terrains : VIH




Epidémiologie / classes thérapeutiques
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Le cycle de I'immunité anti-cancéreuse

Trafficking of
T cells to tumors
71 (CTLs
@) (€TLs)

\T,

Priming and activation
(APCs & T cells) :3)

\\/

\ Infiltration of T cells
' into tumors
(CTLs, endothelial cells)

vessel

lymph node

Cancer antigen é
presentation &/
(dendritic cells/ APCs) ‘6
\“/  Recognition of
cancer cells by T cells
(CTLs, cancer cells)

@ ' @

Release of | e
cancer cell antigens Killing of cancer cells 11es
(cancer cell death) (Immune and cancer cells) JOURNEES

"“GREPI

5 Chen 2012 immunit



Le cycle de I'immunité anti-cancéreuse
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Mécanismes des inhibiteurs PD-1 et PD-L1

A Suppression of T-Cell Activation by Tumor

SUPPRESSED
T CELL

N

Binding of PD-1 by one
of its ligands blocks TCR
signaling and therefore
blocks T-cell activation.
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B Activation of T Cell by Antibody Blockade of PD-1 Signaling

T

Antibody blockade
of PD-1 (e.g., by
pembrolizumab or
nivolumab) or one
of its ligands permits
T-cell activation

ACTIVATED
CELL
' TUMOR
TCR
Signal 1
Antubody & \/ \MHC
PD 1 ligand
Qj“
~
#j:il TUMOR CELL
3

>
« DA
§

Ribas 2015

165

JOURNEES

“GREPI |




ICB : Les bloqueurs de points de controle de I'immunité

Nombreux anticorps IV Profils de réponse particulier Profils de toxicité

L1 L2
Réponses prolongées Favorable numériquement

Profils particulier (MAI, inflammation)
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>
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25-35%

8-12%

Toxicité des ICB Central neurologicdisorder g
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Stratégies thérapeutiques actuelles

o * Dans un grand nombre
Head & neck cancer Glioblastoma d’ indication+++

Lung cancer Breast cancer
. /

Liver cancer / .\

2NN

* En oncologie thoracique

- Seule pour des malades
selectionnés sur le PD-L1

Pancreatic | (i

¥ ) melanoma Gastric Ou en association avec une
Renal cancer Ovarian | ey , . .
- Stade avancé mais aussi
Colorectal cancer Hodgkin lymphoma FRnaa,Ci nghn éarr;tplaep get Sen
(néo)adjuvant
Bladder cancer

000+ 0®
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Role de I’'axe PD-1/PD-L1

* Expression PD-1 permet de réguler la réponse immunitaire

/

+

* PD-1 est un récepteur inhibiteur exprimé par tous les LT lors de leur
activation (infection aigués et chroniques+++)

* Ex : Souris KO pour CD274 / LCMV = Effet immunopathogéne

N
/ . V4 . . V4 . . . .
* PD-1 exprimé en cas de persistance antigénique (infection chronique
— Oou cancer.
* Ex : Prolifération tumorale par activation PD1/PDL1 = limite l'immunité
\ protectrice.

11
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Infection sous ICB 7

* Difficultés diagnostiques
* Infection / progression
* Infection / IrAEs +++
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Infection sous ICB 7

* Difficultés diagnostiques
* Infection / progression
* Infection / IrAEs +++
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Infection sous ICB 7

Covid ICI

* Difficultés diagnostiques
* Infection / progression
* Infection / IrAEs +++

* Imputabilité des ICB ?
* Autres traitements cytotoxiques++
(Combinaison ou antériorités)
e Corticothérapies sur le cancer ou IrAEs

* Sous déclaré dans les essais

14



Infections : donnees rétrospectives
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MSKCC rétrospective

* Mono thérapie PD-L1 / CTLA-4 ou

association
e N=740 Mélanomes

* Infections séveres : ATB IV /

hospitalisation
* 7.3% d’infections

* mais 13.5% si IrAEs vs 2%

Table 2. Specific Infection Types

Infection Type No. of Cases
Bacterial 46
Pneumonia 13
Intra-abdominal infection 7
Craniofacial infection 3
Bacterial bloodstream infection 13
Clostridium difficile-associated diarrhea 10
Fungal 6
Invasive pulmonary aspergillosis 2
Pneumocystis pneumonia 3
Candida bloodstream infection 1
Viral 5
Zoster (disseminated or facial) 3
CMV enterocolitis 1
EBV reactivation causing facial nerve paralysis 1
Parasitic 1
Strongyloides hyperinfection 1
Total® 58

Del Castillo M. CID 2016
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MSKCC rétrospective
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Infections : donnees rétrospectives
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Analyse rétrospective comparative

* N=147 control et 123 patients ICl

15% (ICl) Vs 22% (ctrl)
* FR : Diabete et BPCO
* Pas d’infection opportuniste.

* Taux d’infections séveres identiques.

LRY)

08 -

0.6

Probability

0.4 -

Days

Figure 3. Cumulative incidence curves of severe infection, requiring hospital ac
mission, between treatment groups(P .53). Abbreviations: CC, conventional che
matharane MDDl Ahanbnaint inhikhitar

Malek AE Clin Infect Dis. 2021




Données des essais cliniques
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Méta-analyse N= 21,451 patients 36 études

Ensemble

Table2 Summary of the findings with the GRADE of evidence

Outcome Absolute effects (rate  Relative risk No. of participants Certainty Comments
of events in exp vs. ctr (studies) of evidence
arms) (GRADE)
Risk of G1-5 infections 9.6 vs. 8.3 (96 per 1000] 1.02 (95% CI 21,451 (36 RCTs) BBBO Heterogeneity 73%
(all studies) vs. 83 per 1000) 0.84-1.24)* MODERATE! (P<0.01)

Two studies had
regorafenib and suni-
tinib as comparators

Risk of G1-5 infections 15.8 vs. 10.7 (165 per  1.36 (95% CI 7271 (13 RCTs) PODD Heterogeneity 13%
(CT + ICIs vs. CT) 1000 vs. 107 per 100 199152 HIGH (P=0.31)

Risk of G1-5 infections 3.9 vs. 6.3 (42 per 1000 0.58 (95% CI 11,703 (18 RCTs) BBDBO Heterogeneity 73%
(ICIs vs. CT) vs. 64 per 1000) 0.4-0.85)* MODERATE!' (P<0.01)

Three studies reported 0
events in experimental
arms

Risk of G1-5 infec- 16.2 vs. 9.4 (163 per 1.53 (95% C1 2467 (5 RCTs) PEED Heterogeneity 0%
tions (ICIs vs. BSC/ 1000 vs. 95 per 1000) 1.231-90)° HIGH (P=0.99)
placebo)

Risk of severe infec- 3.2 vs. 2.7 (32 per 1000 0.99 (95% CI 20,359 (35 RCTs) DPEDO Heterogeneity 54%
tions (all studies) vs. 27 per 1000) 0.74-1.32)* MODERATE! (P <0.01)

Petrelli F. targeted oncology 2021

Five studies did not
report events in experi-
mental and control
arms

11..
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Données des essais cliniques
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Méta-analyse N= 21,451 patients 36 études

CT-ICI VS CT

Table2 Summary of the findings with the GRADE of evidence

Outcome Absolute effects (rate  Relative risk No. of participants Certainty Comments
of events in exp vs. ctr (studies) of evidence
arms) (GRADE)
Risk of G1-5 infections 9.6 vs. 8.3 (96 per 1000 1.02 (95% CI 21,451 (36 RCTs) BBBO Heterogeneity 73%
(all studies) vs. 83 per 1000) 0.84-1.24)* MODERATE! (P<0.01)

Two studies had
regorafenib and suni-
tinib as comparators

Risk of G1-5 infections 15.8 vs. 10.7 (165 per | 1.36 (95% CI 7271 (13 RCTs) PODD Heterogeneity 13%
(CT + ICIs vs. CT) 1000 vs. 107 per 100 192152 HIGH (P=0.31)

Risk of G1-5 infections 3.9 vs. 6.3 (42 per 1000 0.58 (95% CI 11,703 (18 RCTs) BBDBO Heterogeneity 73%
(ICIs vs. CT) vs. 64 per 1000) 0.4-0.85)* MODERATE!' (P<0.01)

Three studies reported 0
events in experimental
arms

Risk of G1-5 infec- 16.2 vs. 9.4 (163 per 1.53 (95% C1 2467 (5 RCTs) PEED Heterogeneity 0%
tions (ICIs vs. BSC/ 1000 vs. 95 per 1000) 1.231-90)° HIGH (P=0.99)
placebo)

Risk of severe infec- 3.2 vs. 2.7 (32 per 1000 0.99 (95% CI 20,359 (35 RCTs) DPEDO Heterogeneity 54%
tions (all studies) vs. 27 per 1000) 0.74-1.32)* MODERATE! (P <0.01)

Petrelli F. targeted oncology 2021

Five studies did not
report events in experi-
mental and control
arms
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Données des essais cliniques
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Méta-analyse N= 21,451 patients 36 études

ICI VS CT

Table2 Summary of the findings with the GRADE of evidence

Outcome Absolute effects (rate  Relative risk No. of participants Certainty Comments
of events in exp vs. ctr (studies) of evidence
arms) (GRADE)
Risk of G1-5 infections 9.6 vs. 8.3 (96 per 1000 1.02 (95% CI 21,451 (36 RCTs) BBBO Heterogeneity 73%
(all studies) vs. 83 per 1000) 0.84-1.24)* MODERATE! (P<0.01)

Two studies had
regorafenib and suni-
tinib as comparators

Risk of G1-5 infections 15.8 vs. 10.7 (165 per  1.36 (95% CI 7271 (13 RCTs) PODD Heterogeneity 13%
(CT + ICIs vs. CT) 1000 vs. 107 per 100 199-1.52)" HIGH (P=0.31)

Risk of G1-5 infections 3.9 vs. 6.3 (42 per 1000} 0.58 (95% CI 11,703 (18 RCTs) BBDBO Heterogeneity 73%
(ICIs vs. CT) vs. 64 per 1000) 0.4-0.85)* MODERATE!' (P<0.01)

Three studies reported 0
events in experimental
arms

Risk of G1-5 infec- 16.2 vs. 9.4 (163 per 1.53 (95% C1 2467 (5 RCTs) PEED Heterogeneity 0%
tions (ICIs vs. BSC/ 1000 vs. 95 per 1000) 1.231-90)° HIGH (P=0.99)
placebo)

Risk of severe infec- 3.2 vs. 2.7 (32 per 1000 0.99 (95% CI 20,359 (35 RCTs) DPEDO Heterogeneity 54%
tions (all studies) vs. 27 per 1000) 0.74-1.32)* MODERATE! (P <0.01)

Petrelli F. targeted oncology 2021

Five studies did not
report events in experi-
mental and control
arms
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Données des essais cliniques
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Méta-analyse N= 21,451 patients 36 études

IC1 VS BSC

Table2 Summary of the findings with the GRADE of evidence

Outcome Absolute effects (rate  Relative risk No. of participants Certainty Comments
of events in exp vs. ctr (studies) of evidence
arms) (GRADE)
Risk of G1-5 infections 9.6 vs. 8.3 (96 per 1000 1.02 (95% CI 21,451 (36 RCTs) BBBO Heterogeneity 73%
(all studies) vs. 83 per 1000) 0.84-1.24)* MODERATE! (P<0.01)

Two studies had
regorafenib and suni-
tinib as comparators

Risk of G1-5 infections 15.8 vs. 10.7 (165 per  1.36 (95% CI 7271 (13 RCTs) PODD Heterogeneity 13%
(CT + ICIs vs. CT) 1000 vs. 107 per 100 199152 HIGH (P=0.31)

Risk of G1-5 infections 3.9 vs. 6.3 (42 per 1000 0.58 (95% CI 11,703 (18 RCTs) BBDBO Heterogeneity 73%
(ICIs vs. CT) vs. 64 per 1000) 0.4-0.85)* MODERATE!' (P<0.01)

Three studies reported 0
events in experimental
arms

Risk of G1-5 infec- 16.2 vs. 9.4 (163 per 1.53 (95% C1 2467 (5 RCTs) PEED Heterogeneity 0%
tions (ICIs vs. BSC/ 1000 vs. 95 per 1000) 1.231-90)° HIGH (P=0.99)
placebo)

Risk of severe infec- 3.2 vs. 2.7 (32 per 1000 0.99 (95% CI 20,359 (35 RCTs) DPEDO Heterogeneity 54%
tions (all studies) vs. 27 per 1000) 0.74-1.32)* MODERATE! (P <0.01)

Petrelli F. targeted oncology 2021

Five studies did not
report events in experi-
mental and control
arms
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IrAEs réfractaires aux CS
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conscensus

23

The European Society of Clinical Microbiology and Infectious Diseases
provided a consensus statement

“T-lymphocyte-associated antigen 4 (CTLA-4) and programmed death

(PD)-1/PD-1 ligand 1 (PD-L1)-targeted agents do not appear to
intrinsically increase the risk of infection but can induce immune-related

adverse effects requiring additional immunosuppression”.

Redelman-Sidi G, Clin Microbiol Infect 2018




Dysregulation ?

B s
Immunosuppression Dysregulated immunity
ITI-IS ~_ ITI-DI

24 Morelli T Thorax 2021



Tuberculose : preclinique

25

* Souris déficience en PD-1 =2 TBC grave

* Modele tissulaire humain = augmente
TNFa et croissance BK

e Aggravation chez I'animal si ICl en début
de maladie

=>» prolifération du pathogéne au
détriment du controle de I'h6te en raison
d'une réponse immunitaire déréglée.

CD8" Tcell

M tuberculosis-
infected cell

Tcell Tcell

%

M tuberculosis-
infected cell

Figure 1: Overview of the role of the PD-1-PD-L1 signalling pathway in the response of the innate (A) and
acaunired (R) immune resnonse to Mucobacterium tuberculocic

11..
“GREP!
Langan Lancet oncol 2020, Lazar-Molnar E PNAS 2010, Ahmed M ERJ 2022




Tuberculose : données de registre

Données de pharmacovigilance IrAes (PD-1/PDL-1) de la FAERS (FDA) pour cancer

Table 1 Adverse events of TB and AMI due to PD-1/PDL-1 inhibitors from January 2015 to March 2020 in FAERS

Total AEs due to all drugs in FAERS 10 146 481

Total AEs due to PD-1/PDL-1 inhibitors 73 886

Total AEs due to PD-1 inhibitors 62 823

Total AEs of TB in FAERS 5560

Total AEs of TB due to PD-1/PDL-1 inhibitors 72

Total AEs of AMI in FAERS 336

Total AEs of AMI to PD-1/PDL-1 inhibitor: 13

ROR calculation
ROR for TB due to PD-1/PDL-1 inhibitors versus full database 1.79 (95% ClI, 1.42 to 2.26)
ROR for AMI due to PD-1/PDL-1 inhibitors versus full database 5.49 (95% CI, 3.15 to 9.55)

e Limites: Population de CBNPC, japonais, traité par inhibiteurs de PD-1, avec IrAEs

2 Anad K ESMO open 2020 ' >



TBC : Donneées rétrospectives

° 7 e Vs ° o 745 studies identified 'through ‘ ’ 0 additional study identified
(] P I u s I e u rs se rl e S ret ro s p e ct Ive s :g-f database searching through other sources
sans cas de TBC g
* N=1844, zone d’endémie faible, - 60 duplicate studies wers
pas de cas 8 _ d
3| ‘itlo and abstract

631 studies were excluded for
following reasons: not
relevant to subject, review anc
meta-analysis

* Revue de la littérature 2023
* N=35 cas publiés de TBC sous ICI.

* Possible sous diagnostic+++
 Evaluation a 2,000 cas/100,000

54 studies were screened
full-text for eligibility

| Eligibility |

27 studies were excluded for
no data available for analysis

27 studies included in meta-
analysis( 21 case reports and
6 retrospective studies)

Included

27 Liu K front immuno 2022, Stroh G CIIT 2021



Tuberculose : ITL

Treatment regimen Results
Anti-PD1 [ Positive
TB Test Performed Number (%) & Anti-PD-11 (= Negative
T Combined anti-PD1 and anti-CTLA-4 [ Technically not interpretable
Tuberculin Skin Test 3 2 (4%)
Positive 2 (66.7) Average size 18 mm (17, 19) e
Negative 1(33.3)
IGRA 29
Positive 8 (27.6)
IGRA testing relative to
2 ICI
Indeterminate 2069 | (11 priorto, 1 during, 8 afier initiation ICI
therapy)
Negative 1(3.4)
3(4%)
Tumeurs solides et LH Mélanome Allemagne: N=51, 9 (18%) IGRA+
Taux élevé d’indéterminé IGRA (42%) Pas de TBC maladie durant le suivit,

Pas de recommandation sur le dépistage systématique des ITL avant anti PD-1 ou anti PDL-1

Pas d’¢tude dans les zones de forte prévalence. Intérét pour surveillance et en cas de ttt des tox ?

11..
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Tuberculose : traitement

29

TBC Latente : pas actuellement de traitement recommand¢ en prophylaxie pré immunothérapie chez patient

avec ITL confirmée par IGRA

TBC Maladie : Schéma classique, deébuté des que possible. Discussion d’arrét de I’immunothérapie

antitumorale au cas par cas avec réintroduction possible.

* Corticothérapie ? Par analogie au syndrome de reconstitution immunitaire

Langan EA lancet oncol 2020, Meintjes G, NEJM 2018

11..
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MNT : données de registre et litterature

Données de pharmacovigilance IrAes (PD-1/PDL-1) de la FAERS (FDA) pour cancer

Table 1 Adverse events of TB and AMI due to PD-1/PDL-1 inhibitors from January 2015 to March 2020 in FAERS

Total AEs due to all drugs in FAERS 10 146 481

Total AEs due to PD-1/PDL-1 inhibitors 73 886

Total AEs due to PD-1 inhibitors 62 823

Total AEs of TB in FAERS 5560

Total AEs of TB due to PD-1/PDL-1 inhibitors 72

Total AEs of AMI in FAERS 336

Total AEs of AMI due to PD-1/PDL-1 inhibitors 13

ROR calculation
ROR for TB due to PD-1/PDL-1 inhibitors versus full database 1.79 (95% ClI, 1.42 to 2.26)
ROR for AMI due to PD-1/PDL-1 inhibitors versus full database 5.49 (95% CI, 3.15 to 9.55)

* 4 cas cliniques publiés sans immunosuppression surajoutées

30 Morelli T Thorax 2021, Anad K ESMO open 2020



Aspergillus : Case reports

31

* Invasive et chronique nécrosante
* QQg cas majoritairement avec CS

* Cavitaire :
* Qq cas d’aggravation

Morelli T Thorax 2021, Inthasot V acta clin belg 2020



Pneumocystose : données de registre et rétrospectives

Risque en cas de cancers solide assez faible <25/100000

Total FAERS reports Case reports identified from PubMed,

2011 Q1-2022 Q4 Google Scholar, Web of Science, Embase
(n=20,391,593) (n=16)

: Duplicates and multiple | '
i repeated reports excluded | <

Reports screened

Curated FAERS reports (n=13)

(n=16,183.561)

Review or studies :
{ without detailed clinical
information excluded !
Total ICI reports n= ____________________________ 5
(n=277.937)

Full text articles
assessed for eligibility
(n=11)
0
41% CS Case reports of PJP with ICI
10% IS = 577)
J Studies included in this
g T - systematic literature
Disproportionality analysis l review (z=11)

Signal prioritization

11..
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Pneumocystose : données de registre et rétrospectives

Analysis
IC(95%CI)
rug name of a S of pneumocystis jirovecii pneumonia o o ompared with other anticancer drugs
Drug N of all AE N of ystis ji i p i ROR (95%Cl) IC (95%Cl) C d with oth t d
ICIs 0.06(-0.06-0.16)
Nivolumab 100,753 286 491 (4.37,5.53) 2.25 (2.05,2.39) nivolumab 0.28(0.09-0.43)
pembrolizumab 0.19(-0.08-0.38)
Pembrolizumab 58,125 154 4.53 (3.86,5.32) 2.14 (1.88,2.34) ipilimumab -0.19(-0.53-0.05)
Wil b o - —— ) B atezolizumab -1.01(-1.58-(-0.60))
s il e el durvalumab 0.37(-0.24-0.80)
Atezolizumab 29,603 3 1.94 (1392.72) 093 (0.36,1.34) nivolumab + ipilimumab 0.03(-0.35-0.30)
Durvalumab 9930 30 5.12 (3.57,7.33) 2.25 (1.65,2.69) Compared with targeted therapy 1C(95%CI)
Nivolumab + Ipilimumab 32,000 76 4.03 (3.02,5.06) 1.97 (1.59,2.25) 030(0 18-0 40)
nivolumab 0.52(0.33-0.67)
pembrolizumab 0.42(0.16-0.62)
; . X ipilimumab 0.05 (-0.29-0.29)
* Persiste apres correction sur les CS et IS, atezolizumab 077 (-1.34-(037)
. durvalumab 0.60(-0.01-1.03)
t rans p | a nt at| on nivolumab + ipilimumab 0.27(-0.11-0.54)
1CO5%CH—
PY . Compared with chemotherapy
FR:ma I e et >65ans ICIs b -0.63 (-0.76-(-0.54))
nivolumab i -0.41(-0.61-(-0.27))
. ’ : ——
PY . pembrolizumab -0.51 (-0.78-(-0.32))
Littérature : 15 cas s —— sl
atezolizumab -1.70 (-2.28-(-1.30))
H 4 H H 4 durvalumab L -0.32 (-0.93-0.11)
. ]
Rlsque PCP * Chemo > ICI > therapeUthue Clblee nivolumab + ipilimumab e IC -0.67 (-1.05-(-0.39))
-3 -2 -1 0 1 ]
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SARS-CoV-2

* Les patients suivit pour cancer ont plus de risqué de COVID grave

* Les patients suivit pour cancers ont une moindre immunité post-vaccinale

UOas Kauo VUos Kauo

Study or Subgroup _log[Odds Ratio] _SE_Weight IV, Random, 95% Cl IV, Random, 95% Cl

5.1.1 Mortality

Grivas 2021 009 025 461%  0.91[0.58,1.49)

Kiebanov 2021 047 037 308%  1.60(0.77,3.30]

. Luo 2020 012 076 104%  1.13(0.25,5.00] -

Tyan 2020 102 084 87%  038[0.07,1.87)
ICI et Gravités . SERr R R i - = Méme

Subtotal 1 0.95 [0.57, 1 .
n=236,532 Heterogenelty: Tau®= 0.08; Chi*= 5.35, df= 4 (P = 0.25), '= 25% pronostique
2 5 , d Test for overall effect Z= 0.18 (P = 0.86)

etuaes 5.1.2 Severe COVID-19

Grivas 2021 -015 015 497%  0.86[0.64,1.15) o

Robilotti 2020 079 038 376%  2.20(1.05,4.64) —a—

Yarza 2020 135 108 127%  0.28[0.03,2.07) .

Subtotal (95% C1) 100.0%  1.05[0.45, 2.46] e

Heterogeneity: Tau?= 0.36; Ch*= 6.83, df= 2 (P = 0.03), F=71%

Test for overall effect Z=012 (P=0.91)

bor 0 1 0 100

Testfor subaroup differences: Chi*= 0.04, df= 1 (P = 0.85). = 0% PSR o, PO St
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VIH de |a tolérance a l'efficacité

Review : 31 articles, N=176

* Tolerance des ICl : 12% IrAEs sévere ot el ol CJ
* Effect: cD4 &
. 0 . . Anti-PD1 '@'
* charge plasmatique stable pour 91.9% participant, en f o yf
+ pour 5.8% et - pour2.3%. Uiy i
* CD4+ stable pour 60.7%, + pour 24.6%, et — pour LN e \
147% Anti.-PDl . '\} » 0¥y 2 :
o iy
* Plusieurs profils biologique de répondeurs (n=8) cofrootwitnroducad Vo' ik ]
 profile |, + des LTCD8 HIVspé et diminution CV (1/8) i s v c;wea:
* Profile Il: des LTCD8 HIVspé sans changment de CV ni
replication (2/8)
* |ll: pas d’effet (5/8)
* Tolérable avec un effet thérapeutique modeste
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Conclusion

e Attention aux diagnostiques différentiels

e ROles des traitements des IFAES+++

* Possible surrisque d’infection nosocomiale globalement rares mais a
mieux documenter

* VVers une meilleure compréhension des mécanismes pour utilisation
en infectieux ?
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