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ABBREVIATIONS

irAEs : immune-Related Adverse Effects

ICI : immune checkpoint inhibitors

CTLA-4 : cytotoxic T-lymphocyte-associated protein 4
PD-1 : programmed cell death 1

LT : T lymphocyte

TCR : T cell receptor

CMH : complexe majeur d’histocompatibilité

CPA : cellule présentatrice d’antigene

PD-L1 : programmed cell death 1 ligand

IA : inflammatory arthritis

RA : rtheumatoid arthritis

PMR : polymyalgia rheumatica

PsA : psoriatic arthritis

NSCLC : non—small cell lung cancer

RECIST : Response Evaluation Criteria In Solid Tumors
RF : rtheumatoid factor

CCP : cyclic citrullinated peptide
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I/ INTRODUCTION

A. L’activation lymphocytaire T et la costimulation

L’immunothérapie constitue actuellement une révolution thérapeutique en oncologie,
avec l’arrivée des inhibiteurs de checkpoint immunitaire (ICI), sous la forme d’anticorps
monoclonaux, notamment les anti-CTLA-4 (cytotoxic T-lymphocyte-associated protein 4) et
les anti PD-1 (programmed cell death 1). Leur mécanisme d’action original cible le co-signal
inhibiteur des cellules tumorales/cellules présentatrices d’antigénes sur les lymphocytes T,

activant ainsi une immunité anti-tumorale.

Pour devenir pleinement activé, le lymphocyte T (LT) a besoin de deux signaux
d’activation (Figure I). Le premier est celui transmis par le TCR, récepteur T spécifique de
I’antigene lorsque celui-ci est présenté par la cellule présentatrice d’antigénes via le complexe
majeur d’histocompatibilit¢ (CMH, ou HLA). Le deuxiéme signal est un signal non
spécifique de co-stimulation transmis par la liaison du CD28 exprimé a la surface du
lymphocyte T, avec un de ses ligands CD80/86 a la surface de la cellule présentatrice
d’antigéne (CPA). Si le lymphocyte T recoit ces deux signaux alors il sera activé, pourra

proliférer et déclencher une réponse immunitaire spécifique.

Pour éviter que le systéeme ne s’emballe, il existe des molécules notamment le CTLA-
4, de structure similaire au CD28, se fixant aux mémes ligands CD80/86 mais avec une plus
grande affinit¢ que le CD28 et transmettant un signal inhibiteur sur le lymphocyte T. Ce
signal de co-stimulation négative provoque alors I’anergie ou la mort par apoptose du
lymphocyte T, supprimant de potentiels lymphocytes autoréactifs et prévenant ainsi le

développement de maladies auto-immunes. Cette voie est bien connue des rhumatologues car
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un analogue du CTLA-4 est utilis¢é comme traitement de la polyarthrite rhumatoide

(Abatacept).

B. Inhibiteurs de checkpoint immunitaire utilisés en oncologie

Les oncologues vont chercher a moduler positivement cette co-stimulation afin

d’activer une réponse immunitaire T anti-tumorale. A c6té de la voie du CTLA-4, un autre

checkpoint immunitaire majeur et exploité par les cellules tumorales pour échapper au

systeme immunitaire est le récepteur PD-1 (a la surface du lymphocyte T) et son ligand PD-

L1 (a la surface de la cellule tumorale et CPA). En exprimant PD-L1, les cellules tumorales

utilisent en quelque sorte le frein pour bloquer I’activation lymphocytaire T et empécher leur

destruction par le systéme immunitaire.

CTLA-4-Ig
Abatacept

Anti CTLA-4
b Ipilimumab
Tremelimumab

FIGURE I — Principales thérapeutiques ciblant la costimulation

HLA

Anti PD-L1
Atezolizumab

Avelumab
Durvalumab

MDX-1105

Peptide .
TCR

Anti PD-1
Nivolumab
Pembrolizumab
Pidilizumab
AMP-224
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En stimulant la réponse cellulaire T anti tumorale, des réponses tumorales au long
cours ont été observées chez des patients avec un cancer non opérable ou métastatique. La
remarquable efficacité des inhibiteurs de checkpoint immunitaire a rapidement conduit a des
autorisations de mise sur le marché dans plusieurs cancers (mélanome, cancer bronchique non
a petites cellules, cancer rénal, lymphome de Hodgkin), et de nombreux protocoles sont en

cours pour d’autres cancers.

C. Les Immune-Related Adverse Effects (irAEs)

Cependant, en inhibant les freins naturels des voies du CTLA-4 et du PD-1, on a
favorisé I’émergence de manifestations auto-immunes par perte de la tolérance périphérique.
Dans la littérature, ces manifestations auto-immunes sont identifiées sous le terme d’ Immune-

Related Adverse Effects (irAEs).

Dans les essais cliniques, les principaux irAEs rapportés concernent le tractus gastro-
intestinal, la peau, les glandes endocrines, le foie et les poumons, mais quasiment tous les
organes peuvent &tre atteints, comme illustré avec le nombre croissant de case reports. Le
spectre de I’auto-immunité induite par ces traitements ne cesse de s’¢largir, d’autant plus

qu’ils sont maintenant utilisés a grande échelle.

D. Les irAEs rhumatologiques

Une récente analyse systématique de la littérature s’est concentrée sur les effets
secondaires rhumatologiques. Les arthralgies et myalgies ont été¢ les effets secondaires
rhumatologiques les plus rapportés dans les essais cliniques, avec une prévalence de 1 a 43%

et de 2 a 21%, respectivement (ref. 10 article). Plusieurs séries de cas et case reports ont décrit
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de maniére plus détaillée des cas d’arthrite inflammatoire, de pseudo-polyarthrite
rhizomélique, de vasculite, de polymyosite ou de réaction sclérodermique secondaires aux

ICIL

E. Objectif de I’étude

Dans le but d’évaluer la prévalence et le type d’effets secondaires rhumatologiques
apparaissant sous ICI dans notre hopital, ainsi que leur corrélation avec la réponse tumorale,
nous avons mis en place un recrutement systématique des patients déclarant des symptomes
rhumatologiques sous ICI, de septembre 2015 a mai 2017, et réalisé une étude prospective

monocentrique observationnelle.
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) targeting the cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) or programmed cell death protein 1 (PD-1) axes have accelerated the
immunotherapy revolution in oncology. Since the approval of ipilimumab (anti CTLA-4) for
the treatment of metastatic melanoma in 2011 (1), pembrolizumab and nivolumab (anti PD-1)
have also demonstrated a survival benefit for patients with advanced melanoma, non—small
cell lung cancer (NSCLC) and renal cell carcinoma and are now being tested in many other
cancers (2)(3)(4)(5). Recently, agents targeting PD-1 ligand 1 (PD-L1), as well as other

immune checkpoint molecules and combination strategies have been developed(6)(7).

In healthy individuals, the role of these immune checkpoints is to promote tolerance to
self-antigens, therefore preventing autoimmunity and damage to normal tissues. Many tumour
types appropriate these T-cell inhibitory pathways as immune escape mechanisms in order to
evade activated cytotoxic T-cells(8)(9). ICIs currently used in the clinical setting target
CTLA-4 or PD-1 receptors expressed on T-cells, or PD-L1 expressed on both antigen-
presenting cells (APCs) and tumour cells, allowing T-cell activation and tumour destruction.
By enhancing anti-tumour T-cell activity, these treatments have resulted in some
unprecedented long-lasting tumour responses in patients with unresectable or metastatic
disease. However, releasing the natural brakes of CTLA-4 and PD-1 signalling on T-cells
may affect self-tolerance to healthy tissues, leading to immune side effects known as

immune-related adverse effects (irAEs).

In clinical trials, reported irAEs mainly involved the gastrointestinal tract, skin,
endocrine glands, liver and lung, but they can affect nearly all organs, as illustrated by the
increasing number of case reports. Rheumatic and musculoskeletal irAEs observed in patients

receiving ICIs have been the focus of a recent systematic review of the literature(10).
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Arthralgia and myalgia were by far the most commonly reported rheumatic irAEs in clinical
trials, with a prevalence ranging from 1 to 43% and from 2 to 21% respectively. However,
prevalence may have been underestimated as only high-grade irAEs were reported in some
trials. In addition, case series and reports provide more details on patients with inflammatory
arthritis or disease patterns suggesting polymyalgia rheumatica, vasculitis, polymyositis or
sclerodermoid reaction induced by ICIs (11)(12)(13). To date, the largest series of patients
with rheumatic irAEs included 13 and 15 patients from the United States of America,
highlighting differences compared to classical theumatic diseases, and cases of seropositive

RA were recently reported in a French retrospective study (14)(15)(16).

To evaluate the prevalence and type of rheumatic and musculoskeletal irAEs in
patients receiving ICI treatment at a single institution (University Hospital of Bordeaux,
France), we implemented systematic referral to the rheumatology department for evaluation

of any rheumatic symptoms occurring with ICIs from September 2015 to May 2017.
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PATIENTS AND METHODS

Study design

All patients aged 18 years and older treated with anti CTLA-4 (ipilimumab,
tremelimumab), anti PD-1 (nivolumab, pembrolizumab) or anti PD-L1 (atezolizumab,
avelumab, durvalumab, MSB0011359C) agents alone or in combination, either in trials or in
routine clinical practice from September 2015 to May 2017 were included in this prospective
observational study. Safety data were recorded at each follow-up visit before ICI

administration.

To evaluate the prevalence and type of rheumatic events related to IClIs,
rheumatologists contacted oncology, dermatology and pulmonology departments from our
institution for referral of any musculoskeletal symptom occurring during or after ICI
treatment, up to May 2017. Patients with a known rheumatic or autoimmune disease were

also included if they had a flare of the underlying disease or new musculoskeletal symptoms.

Rheumatologic evaluation

For each referred patient, a theumatologist (M.K. or L.R.) performed the history of
musculoskeletal symptoms and the clinical evaluation. Demographic data (age, gender),
personal or familial history of autoimmune disease, type of cancer, ICIs received, the starting
date, number of cycles and days before the occurrence of rheumatic irAE, previous cancer

therapy and other associated irAEs were recorded by the examining rheumatologist. After the
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physical examination, blood tests including inflammation markers and autoantibodies were
obtained based on the clinical findings. HLA-DR phenotyping was also performed for some
patients to search for shared epitopes. X-ray imaging and ultrasounds of swollen and/or
painful joints, performed by an ultrasound-certified rheumatologist or radiologist, were also
obtained when indicated. Finally, a treatment decision was made after discussion with the

referring oncologist.

Evaluation of other irAEs and tumour response

Demographic data, type of cancer, the occurrence of other irAEs and tumour response
according to ICI agent were also abstracted from medical records for patients without
rheumatic manifestations, using local software DxCare and CHIMIO. For each patient, the
best tumour response was collected and defined by the Response Evaluation Criteria In Solid

Tumors (RECIST) 1.1 criteria as read by a radiologist on serial CT imaging(17).

Statistics

Data analyses were performed using Stata/SE software version 13.1 (College Station,
TX: StataCorp LP). Associations of the occurrence of rheumatic or non-rheumatic irAEs and
tumour response in relation to ICI treatment were analysed using Pearson’s chi-squared test or
Fisher’s exact test as needed. Subgroup analyses were also completed when appropriate,
according to tumour type or ICI type. Odds ratios were estimated with their 95% confidence

intervals. P-values less than 0.05 were considered as statistically significant.
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RESULTS

Patient characteristics

From September 2015 to May 2017, 524 patients received ICIs at our institution and
were included in the study. Patients were treated either with anti CTLA-4 (n=5) or anti PD-
1/anti PD-L1 (n=407) agents alone, or received a combination or sequential administration of
both molecules (n=112). Demographic data, type of cancer and ICI molecules are listed in

Table 1.

Description of musculoskeletal irAEs

35 patients developed musculoskeletal symptoms after initiation of immunotherapy
and were referred to the rheumatology department (6.6%). The median exposure time to ICIs
was 70 days (range: 1 day - 650 days) and for 80% of patients, the exposure time was less
than 8 months. The mean age was 64 years (+/- standard deviation 12 years) and 65.7% of
patients were male. Cancer types included melanoma (n=16), Merkel carcinoma (n=1), non-
small cell lung cancer (n=13) and renal cancer (n=5)(Table 2). Patients were treated with
anti-PD-1 or anti-PD-L1 alone (n=30), or received anti-CTLA-4 and PD-1 in combination or

as sequential treatment (n=5), as described in Supplementary Table 1.
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Table 1 : Demographic data, type of cancer

and ICI molecules

Caracteristics at Baseline n (%)
Age (mean, St. Dev.) 64.5 (12.8)
Gender
Male 360 (68.7)
Female 164 (31.3)
Tumour type
Melanoma 239 (45.6)
Merkel 5(1.0)
NSCLC 129 (24.6)
Renal 71 (13.5)
Urothelial 14 (2.7)
Head and neck 29 (5.5)
Blood cancer 15 (2.9)
Gastrointestinal/liver 18 (3.4)
Lung+head and neck 3(0.6)
Glioblastoma 1(0.2)
Cancer therapy
anti CTLA-4 5(1.0)
ipilimumab 3(0.6)
tremelimumab 2 (0.3)
anti PD-1 337 (64.3)
nivolumab 225 (42.9)
pembrolizumab 112 (21.4)
anti PD-L1 70 (13.3)
avelumab 25 (4.8)
atezolimumab 23 (4.4)
durvalumab 18 (3.4)
MSB0011359C 4 (0.7)
sequential or combined 112 (21.4)

anti CTLA-4 + anti PD-1/PL-L1

Table 2 : Demographic data, type of cancer, ICI molecules, and tumour response correlated with irAEs

rheumatic irAEs (n=35) non rheumatic irAEs (n=137) no irAEs (n=368)

n (%) n (%) n (%)
Age (mean, Std. Dev.) 63.8 (11.9) 65.5 (12.8) 64.0 (12.9)
Gender
Male 23 (65.7) 95 (69.3) 253 (68.7)
Female 12 (34.3) 42 (30.6) 115 (31.2)
Tumour type
Melanoma 16 (45.7) 83 (62.0) 150 (40.7)
Merkel 1(2.8) 0 (0) 4 (1.0)
NSCLC 12 (34.2) 17 (12.4) 103 (27.9)
Renal 6 (17.1) 13 (9.4) 55 (14.9)
Urothelial 0 (0) 2(1.4) 12 (3.2)
Head and neck 11 (8.0) 18 (4.8)
Blood cancer 0 (0) 3(2.1) 12 (3.2)
Gastrointestinal/liver 0 (0) 7 (5.1) 11 (2.9)
Lung+head and neck 0 (0) 1(0.7) 2 (0.5)
Glioblastoma 0(0) 0(0) 1(0.2)
Cancer therapy
anti CTLA-4 0 (0) 3(2.1) 2 (0.5)
anti PD-1/PD-L1 30 (85.7) 82 (59.8) 305 (82.8)
sequential or combined 5(14.2) 52 (37.9) 61 (16.5)
Best overall tumour response
Responders 30 (85.7) 103 (75.1) 130 (35.3)
Complete response 3 (8.5) 14 (10.2) 15 (4.0)
partial response 11 (31.4) 33 (24.0) 45 (12.2)
stable disease 16 (45.7) 56 (40.8) 70 (19.0)
Non responders 5(14.2) 28 (20.4) 192 (52.1)
Unknown 0 (0) 6 (4.3) 46 (12.5)
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Supplementary Table 1. Characteristics of patients experiencing rheumatic irAEs

Patients Gender Age Type of malignancy ICI therapy Previous cancer therapy Exposure time to ICI Type of irAE Associated iRAes Best overall response
(Male/Female) (years) before rheumatic irAE (RECIST 1.1) o

1 M 60 NSCLC nivolumab chemotherapy 60 PMR none complete response

2 F 54 NSCLC nivolumab chemotherapy 30 PMR none stable disease

3 M 65 melanoma pembrolizumab none 10 PMR hyperthyroidism, vitiligo partial response

4 M 69 NSCLC nivolumab chemotherapy 56 PMR none stable disease

5 M 66 renal carcinoma nivolumab chemotherapy 120 PMR pneumonitis stable disease

6 M 61 NSCLC atezolizumab carboplatine/taxol/bevacizumab associated 350 PMR rash partial response

7 M 79 NSCLC nivolumab chemotherapy 120 PMR none partial response

8 F 67 melanoma nivolumab chemotherapy, Ipilimumab 365 PMR hypophysitis partial response

9 F 81 melanoma pembrolizumab none 210 PMR none partial response

10 M 75 merkel carcinoma  avelumab chemotherapy 20 PMR/SA none progressive disease

11 M 83 melanoma nivolumab chemotherapy, Ipilimumab 21 PMR none partial response

12 F 67 melanoma pembrolizumab none 240 RA keratitis stable disease

13 F 53 melanoma ipilimumab chemotherapy 56 RA hypophysitis partial response

14 M 48 melanoma nivolumab none 60 RA diarrhea partial response

15 F 71 melanoma pembrolizumab ipilimumab 90 RA none progressive disease

16 M 60 NSCLC avelumab chemotherapy 77 RA none stable disease

17 M 68 melanoma pembrolizumab chemotherapy 7 RA vitiligo partial response

18 M 79 NSCLC nivolumab chemotherapy 42 RA pneumonitis stable disease

19 M 50 renal carcinoma nivolumab sunitinib, radiation therapy 210 PsA thyroiditis, psoriasis complete response

20 M 68 melanoma pembrolizumab none 14 PsA psoriasis progressive disease

21 F 73 melanoma pembrolizumab ipilimumab 150 mechanic  none complete response

22 M 70 melanoma nivolumab none 180 mechanic none progressive disease

23 F 59 NSCLC nivolumab chemotherapy 105 mechanic none progressive disease

24 M 61 NSCLC nivolumab chemotherapy 450 mechanic  none progressive disease

25 F 65 NSCLC nivolumab chemotherapy 1 mechanic none progressive disease

26 M 63 melanoma pembrolizumab none 10 mechanic none progressive disease

27 F 52 melanoma nivolumab chemotherapy 240 mechanic hepatitis progressive disease

28 M 43 melanoma pembrolizumab chemotherapy, ipilimumab, radiation therapy 650 mechanic  thyroiditis stable disease

29 M 61 NSCLC nivolumab chemotherapy 70 mechanic none partial response

30 F 36 renal carcinoma nivolumab chemotherapy 56 mechanic none partial response

31 M 59 renal carcinoma atezolizumab none 180 mechanic  none stable disease

32 M 54 NSCLC nivolumab+ipilimumab none 63 mechanic vitiligo, hepatitis partial response

33 M 36 melanoma pembrolizumab chemotherapy 28 mechanic  thyroiditis, colitis partial response

34 F 60 renal carcinoma nivolumab chemotherapy 360 mechanic pneumonitis stable disease

35 M 62 NSCLC nivolumab chemotherapy 70 mechanic _ none stable disease

NSCLC: non small cell lung cancer; ICI: immune checkpoint inhibitors; irAEs:
Evaluation Criteria in Solid Tumours

immune-related adverse effects; PMR: polymyalgia rheumatica; PsA: psoriatic arthritisRA: rhumatoid arthritis; RECIST: Response



N

[\l
I y Table 2. Description of rh ic irAE and 1t
Patients Rheumatic complains Joint swelling CRP (mg/L) CK (mg/L) Autoantibodies HLA DR phenotyping X ray Ultrasound Type of irAE irAE treatment Evolution
1 shoulders+thighs none 7 - AAN 1/320 HLA-DRB1 *04 *15:01 normal normal PMR Prednisone 30mg improvement
2 shoulders+thighs+cervical spine none 64 32 AAN 1/80 - - - PMR Prednisone 15mg then tappered off improvement
3 shoulders+hands+feet none 0,6 329 AAN 1/80 HLA-DRB1 *01:03 *07 normal normal PMR Prednisolone 12,5mg resolution
4 shoulders+thighs none 27 40 - - - - PMR NSAIDs improvement
5 shoulders+hands hands 3,5 51 AAN 1/80 - normal mild subacromial bursitis PMR Prednisone 10mg improvement
6 shoulders none 3,6 - negative HLA-DRB1 *01:01 (SE) normal mild subacromial bursitis PMR NSAIDs resolution
7 shoulders none 2,5 - - HLA-DRB1 *01:01 (SE) normal mild subacromial bursitis  PMR Prednisone 15mg improvement
8 shoulders+thighs none 64 44 AAN 1/80 - normal mild subacromial bursitis PMR Prednisone 15mg then tappered off resolution
9 shoulders none 14 34 - - normal mild subacromial bursitis  PMR Prednisone 10mg resolution
10 shoulders+dorsal spine none 48 - AAN 1/80 - normal normal PMR/SA Prednisone 7mg improvement
11 shoulders+thighs hands 234 - - - normal synovitis PMR Prednisone 15mg resolution
12 hands+shoulders wrists 6 - AAN 1/640 - normal wrists+hangs tenosynovitis RA Prednisone 10mg improvement
13 feet+wrists+lumbar spine wrists 4,6 - AAN 1/80 - normal wrists synovitis RA Prednisone 10mg and Methotrexate improvement
14 shoulders+hands+feet+spine none 5 - anti-CCP+, AAN 1/80 HLA-DRB1 *01:01 (SE) normal synovitis RA Prednisone 5mg resolution
15 hands hands 2,8 - AAN 1/80 HLA-DRB1 *08 *15 Joint space narrowing synovitis RA Prednisone 7mg then tapered off and stopped resolution
16 hands+wrists+knees+shoulders none 8 - AAN 1/80 HLA-DRB1 *03 *15 normal normal RA one 15mg improvement
17 shoulders+hands hands 25 - AAN 1/80 HLA-DRB1 01:01 et 01:02 (SE) normal synovitis RA one 15mg improvement
18 hands none 46 - AAN 1/160 HLA-DRB1 *03 *12 normal normal RA olone 30mg then tapered off and stopped resolution
19 shoulders+feet none 7,7 113 AAN 1/160 HLA-DRB1 *03 *11 normal - PsA NSAIDs improvement
20 wrists+shoulders+knees+cervical spine hands+wrists+knees 150 61 - - - - PsA Prednisone 15mg then NSAIDs then Methotrexate improvement
21 shoulders+thighs+hands+cervical spine hands 4,3 - negative - Erosive OA (PIP, DIP) normal mechanic  Prednisone 15mg then 7mg improvement
22 shoulders none 12,7 - - - - - mechanic  Physiotherapy resolution
23 lumbar and cervical spine+wrists+elbows+thighs+knees none - - - - - - mechanic Morphine patches resolution
24 hands none 49 - AAN 1/160 - - - mechanic  Prednisolone 30mg for progressive disease resolution
25 lumbar and dorsal spine+shoulders none 58 - - - normal - mechanic  Tramadol improvement
26 shoulders+hands none 4 - - - Joint space narrowing normal mechanic  Physiotherapy improvement
27 left elbow+right foot none 5 - negative - normal normal mechanic  Steroid peri articular injection of epicondilytis improvement
28 right elbow+ right wrist none 3,4 - AAN 1/160 - normal tendinitis mechanic  NSAIDs improvement
29 right shoulder none 3 - - - normal mild subacromial bursitis mechanic  Analgesics and physiotherapy improvement
30 knees+thights+ankles+hands+wrists+shoulders none 1,2 102 - - normal - mechanic  Analgesics improvement
31 left shoulder none - - - - normal normal mechanic  Physiotherapy improvement
32 spine+thighs+hands+shoulders none - - - - - - mechanic  None resolution
33 knees none 1,7 - - - normal - mechanic NSAIDs resolution
34 wrists+ankles+shoulders none 0 - - - normal normal mechanic  Prednisone 60mg (interstitial lung disease) improvement
35 shoulders+hands+knees+ankles+cervical spine none 7 97 - - - - mechanic__ Analgesics resolution

ANA: antinuclear antibodies; CCP: Cyclic citrullinated peptide; CK:
RF: rheumat

factor; SE: shared epitope

Creatine kinase; CRP: C-reactive protein; DIP: dista

terphalangeal; NSAIDs: nonsteroidal anti-inflammatory drugs; PIP: proximal interphalangeal, PMR: polymyalgia rheumatica; PsA: psoriatic arthritis; RA: rheumatoid arthritis;



Reported musculoskeletal symptoms were varied, as detailed in Supplementary

Table 2. Both large and small joints in the upper and lower extremities were involved. The

most common symptom was arthralgia (n=35), with joint swelling being observed in only 8

patients and myalgia in 5 patients. Ten patients complained of rachialgia. Overall, two distinct

clinical presentations were observed: 1) inflammatory arthritis (IA) mimicking either

rheumatoid arthritis (RA) (n=7), polymyalgia rheumatica (PMR) (n=11) or psoriatic arthritis

(n=2), and 2) non-inflammatory musculoskeletal conditions (n=15) (see Figure 1).

Patients receiving ICI; n=524

Rheumatic irAEs; n=35 (6.6 %)

Inflammatory arthritis; n=20 (3.8%)

Non-inflammatory complaints;

n=15 (2.8%)

PMR pattern (n=11)

RA pattern (n=7)

PsA pattern (n=2)

Anti PD-1 (n=11)
Anti PD-L1 (n=2)

Anti PD-1 (n=5)
Anti PD-L1 (n=1)
Anti CTLA-4 (n=1)

Anti PD-1 (n=2)

Anti PD-1 (n=13)
Anti PD-L1 (n=1)
Anti PD-1+anti CTLA-4 (n=1)

Increased CRP (n=7)
AAN = 1/160 (n=1)
Ultrasound + (n=5)

Increased CRP (n=4)
AAN = 1/160 (n=2)
Anti-CCP + (n=1)
Ultrasound + (n=5)

Increased CRP (n=2)
Ultrasound + (n=1)

Corticosteroids (n=9)
NSAIDs (n=2)

Corticosteroids (n=7)
Methotrexate (n=1)

NSAIDs (n=2)
Methotrexate (n=1)

Corticosteroids (n=3)
Peri-articular injection (n=1)
Analgesics (n=5)

NSAIDs (n=2)
Physiotherapy (n=3)

None (n=1)

Figure 1 : Flow diagram for description of musculoskeletal irAEs

ICI: immune checkpoint inhibitors; irAEs: immune related adverse effects; PMR: polymyalgia
rheumatica; RA: rheumatoid arthritis; PsA: psoriatic arthritis; PD-1: programmed cell death 1; PD-L1:
programmed cell death 1 ligand; CTLA-4: cytotoxic T-lymphoc:te-associated protein 4; CRP: C-
reactive protein; AAN: antinuclear autoantibodies; CCP: cyclic citrullinated peptide; NSAIDs: non
steroidal anti-inflammatory drugs.
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Inflammatory arthritis

Inflammatory arthritis occurred in 20 patients (3.8%). PMR was diagnosed in 11
patients, with a clinical presentation of predominant bilateral shoulder pain and stiffness. One
patient had a pre-existing stable rheumatic disease (axial spondyloarthritis) and developed a
PMR-like condition twenty days after ICI initiation. Increased levels of C-reactive protein,
defined as >5 mg/L, were found in 7 patients and ultrasound analysis detected subdeltoid
bursitis in 5 patients. Nine patients were treated with oral corticosteroids (mean dosage 15
mg/day) and clinical improvement was achieved in all of them. For two patients, proximal

pain and stiffness completely resolved with NSAIDs.

Bilateral and symmetric hand pain and stiffness were observed in 7 patients who
developed rheumatic irAEs mimicking rheumatoid arthritis (RA), mainly within the first 3
months after ICI initiation. Two patients developed psoriatic arthritis, including one with pre-
existing psoriasis who experienced severe arthritis associated with psoriasis exacerbation.
Clinically significant joint swelling and/or ultrasound-confirmed synovitis were present in 5
patients. Elevated inflammatory markers were noted in 4 patients. Of note, one patient tested
positive for anti-cyclic citrullinated peptide antibodies (anti-CCP) but negative for rheumatoid
factor (RF). Mild biological immune dysregulation with anti-nuclear autoantibodies (ANA)
(positive threshold 1/160) was observed in 2 patients and a shared HLA-DRB1 *01:01
epitope was present in two patients. X-ray evaluation did not detect any structural joint
damage. All patients required prednisone or prednisolone at low-to-moderate doses, with a
maximum of 30 mg/day, leading to clinical improvement or remission. Disease-modifying
antirheumatic drugs (methotrexate) were required for one RA patient and for one psoriatic
arthritis patient. When remission was achieved, a progressively tapered corticosteroid regimen

was initiated, allowing complete steroid withdrawal in only 2 patients at 6 months of follow-

up.
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ICI therapy was pursued for all but one patient and was temporarily discontinued in

accordance with the clinical trial protocol.

Non-inflammatory musculoskeletal conditions

15 patients presented with non-inflammatory rheumatic and musculoskeletal disorders
(2.8%), characterized by pain worsened by physical activity and relieved with rest, and the
absence of joint stiffness. All suffered from arthralgia of proximal or distal joints (mainly
shoulders and hands), with associated axial symptoms in 5 patients. Only one patient
presented with swelling of interphalangeal joints associated with hand, shoulder and cervical
pain, associated with osteoarthritis based on the clinical examination, imaging and blood tests.
Increased levels of C-reactive protein were observed in 4 patients but were probably related to
their cancer, as they were present before the development of rheumatic symptoms. One
patient benefited from a peri-articular steroid injection for left epicondylitis, five patients
received analgesics, two patients were treated with NSAIDs, three patients recovered after
physiotherapy, and one patient did not need any treatment. Importantly, no modification of
immunotherapy was necessary. Finally, two patients received prednisone (15 and 30 mg/day)
due to cancer progression with development of renal metastasis, and one was treated with
steroids for concomitant interstitial lung disease, leading to complete resolution of rheumatic

symptoms. Importantly, no modification of immunotherapy was necessary.

Other irAEs

Overall, non-musculoskeletal irAEs were observed in 137 patients (26.1%) according

to medical records (Table 2) and were associated with rheumatic irAEs in 16 patients.
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Reported irAEs were mainly cutaneous (rash, vitiligo, psoriasis, bullous pemphigoid),
endocrine (thyroiditis, dysthyroidism) and digestive (colitis). Some cases of pneumonitis and
hepatitis were also observed, as well as rarer irAEs such as pancreatitis, sarcoidosis,

myasthenia, nephritis or uveitis.

Tumour response according to irAEs

Tumour response to ICI treatment was abstracted from medical records for all patients,
with data available for 472 patients. Overall, there was a tumour response in 248 patients
(52.5%), including complete response (n=31; 6.6%), partial response (n=84; 17.8%) or stable
disease (n=133; 28.2%), while progressive disease was observed in 224 patients (47.5%).

Rheumatic irAEs were observed in 12.1% of responders and in 2.2% of non-responders.

For patients with rheumatic irAEs, the tumour response rate was higher compared to patients
without rheumatic irAEs (85.7% versus 35.3%; OR=8.8 (95%CI: 3.2, 29.8), p<0.0001), as
detailed in Table 2. The number of responders to ICI treatment was also higher in patients
presenting with other irAEs compared to patients without irAEs (75.1% versus 35.3%;
OR=5.4 (95%IC: 3.3, 9), p<0.0001). Subgroup analyses according to tumour type confirmed
this association between rheumatic or other irAEs and tumour response across different

cancers.
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DISCUSSION

Arthralgia and myalgia were by far the most commonly reported rheumatic irAEs in
clinical trials while inflammatory arthritis was less commonly described(10). Our prospective
series estimates the prevalence of rheumatic manifestations in patients treated with ICI at
6.6%, and illustrates the wide range of clinical presentations, with some patients presenting
with inflammatory arthritis mimicking PMR, RA or psoriatic arthritis (3.8%), while others
developed non-inflammatory disorders (2.8%). Moreover, our data clearly emphasize the

strong association of these manifestations with tumour response.

In accordance with the current literature describing rheumatic irAEs, PMR and RA
were the two major clinical entities observed, with mainly seronegative RA, and only one
patient being anti-CCP-positive in our series (14)(15)(16). However, the systematic referral of
any musculoskeletal symptoms revealed new phenotypes of rheumatic irAEs. First, we
observed some cases of PMR with a typical clinical presentation (acute onset, bilateral
scapular and/or pelvic pain and stiffness) with no increase in inflammation markers or only
mild elevation. Second, non-inflammatory disorders were also noted in several patients,
sometimes occurring a few days after ICI initiation and therefore suspected to be attributable
to the treatment. When using the Naranjo algorithm, the adverse drug reaction probability
score was rated as possible or doubtful for such non-inflammatory manifestations due to
improvement despite ICI continuation, with alternative causes being possible, and because of
the lack of similar events reported in the literature (18). Future clinical reports and a better

understanding of the pathogenesis of these disorders will help to answer this question (7).

The distinction between inflammatory versus non-inflammatory irAEs is worthwhile
for treatment decisions, as patients might not require systemic corticosteroids. For non-

inflammatory conditions, symptomatic treatment with analgesics, NSAIDs, local injection or
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physiotherapy were often effective. For inflammatory irAEs, low-to-moderate doses of
corticosteroids were generally sufficient to achieve improvement or remission, without ICI
discontinuation. When needed, methotrexate was added, which was the case for two patients.
In our experience, as in the series reported by Belkhir ef al. (16) classical anti-inflammatory
treatment was able to control rheumatic disorders without any modification of the ICI
regimen, conversely to the experience of American colleagues, who reported a requirement
for higher steroid dosage (often >40 mg/day), the use of TNF inhibitors for some patients, and
usually ICI discontinuation (14)(15). Furthermore, the increasing number of cases reported in
the literature illustrates these differences regarding rheumatic irAE management, highlighting

the need for developing either national or international recommendations.

The higher prevalence of rheumatic irAEs with anti PD-1/anti PD-L1 exposure, either
as a single agent or in combination with anti CTLA-4 (19)(20)(21), is a common observation
from case reports and case series and was also recently reported from a single-centre
pharmacosurveillance database (22). All patients referred to our department except one were
receiving anti PD-1 or anti PD-L1 treatment. Even if ipilimumab is less commonly used
currently, it is clear that anti PD-1 and anti CTLA-4 therapies have a distinct spectrum of
irAEs (23)(24). Of note, rheumatic irAEs were rarely reported with CTLA-4 blockade when
ipilimumab was the major ICI used in melanoma patients, raising the question of whether the
PD-1 pathway is the one mainly involved in ICI-related rheumatic manifestations (25).
Animal models support this hypothesis, with arthritis being observed in PD-1 knockout mice
but not in CTLA-4 knockout mice (26)(27). Moreover, heterozygous CTLA-4 mutations in
humans are associated with severe immune disorders such as thrombocytopenia,
hypogammaglobinaemia, and lung, brain and gastrointestinal lymphocytic infiltrates but no
clear rheumatic manifestations (28). Interestingly, some CTLA-4 and PD-1 polymorphisms

are associated with RA (29)(30), and recently, a breakdown of PD-1/PD-L1 checkpoints has
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been reported in giant-cell arteritis (31). Unifying research efforts in our classical
inflammatory/auto-immune diseases and in the ones induced by ICIs would result in a better
understanding of co-stimulation pathways and would benefit the management of both

diseases.

This study is the first to demonstrate that patients experiencing rheumatic irAEs had a
higher rate of response to ICI treatment compared to those without irAEs. Given the poor
prognosis of advanced cancers, this clinical observation is of major interest and might be
related, in part, to the fact that ICI treatment was continued in all but one patient. This strong
association with tumour response was also observed with non-rheumatic irAEs. However, a
longer follow-up is needed to assess whether the occurrence of irAEs affected patient
survival. The correlation between irAE occurrence and patient outcomes has been actively
investigated but not fully elucidated. Among two retrospective analyses, one reported a better
overall survival for nivolumab-treated melanoma patients experiencing irAEs compared to
those without irAEs, while the other study, which involved ipilimumab-treated patients,
concluded that tumour response or survival were not affected by the occurrence of irAEs
(32)(33). In fact, the majority of case reports associated irAEs with tumour response but this

association has yet to be demonstrated in larger prospective studies.

CONCLUSION

Since ICIs are used with increasing frequency and represent a new standard of care in
some advanced cancers, knowledge of irAEs and their management is of major interest.
Rheumatic irAEs occurred in 6.6% of treated patients and were mainly associated with anti
PD-1 or anti-PD-L1 therapies; they were also associated with better tumour response (85% of

ICI responders). Importantly, these irAEs were easily manageable, either with a low-to-
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moderate dose of prednisone for inflammatory irAEs or various symptomatic therapies for
non-inflammatory irAEs, and did not require ICI discontinuation. Collaboration between
oncologists and rheumatologists is worthwhile to achieve a better understanding of these

rheumatic irAEs and to define appropriate treatment algorithms.
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111/ DISCUSSION

Ce travail a été réalis€ en collaboration avec les services de dermatologie, de
pneumologie, d’oncologie et d’hématologie du CHU de Bordeaux. Il a consisté a la mise en
place d’un recrutement systématique, dans le service de rhumatologie, des patients
développant des manifestations musculosquelettiques sous inhibiteurs de checkpoint
immunitaire, qui se poursuit depuis la fin de notre étude. Cette collaboration entre la
rhumatologie et les différents services pré cités a permis de gagner en expérience des deux
coOtés afin d’améliorer la prise en charge de nos patients communs. En ce sens, les choix
thérapeutiques étaient discutés avec le médecin référent dans le but de soulager le patient tout

en poursuivant I’immunothérapie.

Devant I’expansion considérable de I’utilisation des ICI (multiplication des molécules,
des indications), il est primordial de former des groupes d’étude pour recenser les Immune-
Related Adverse Effect (irAES), mieux les comprendre et les traiter, et décider d’arbres
décisionnels et thérapeutiques pour que la prise en charge des irAEs interfére le moins

possible sur I’efficacité et la poursuite du traitement anti tumoral.

Récemment, un groupe bordelais regroupant les différents spécialistes d’organes
impliqués dans la gestion de ces immunothérapies et de leur toxicité s’est constitué. A 1’image
de nos collégues parisiens de Gustave Roussy qui ont crée un véritable centre expert autour de

I’immunothérapie, I’organisation de ce groupe local a plusieurs objectifs :

- I’identification d’un réseau d'experts d'organes (local puis régional) pour la

prise en charge des effets secondaires de ces ICI ;

- le développement d’algorithmes de prise en charge pour chaque toxicité, ou du
moins les plus communes ;
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- une réflexion autour de la mise en place de projets de recherche

translationnelle autour des irAEs.

Concernant la prise en charge spécifique des irAEs rhumatologiques, un groupe de
travail regroupant des médecins rhumatologues, internistes et oncologues, s’est également
constitu¢ sous I’égide du CRI (Club Rhumatismes et Inflammation), dans I’idée de
développer des recommandations nationales basées sur une revue de la littérature existante et
I’avis d’experts. Ces recommandations auraient un double intérét : 1) servir de référence pour
les rhumatologues qui seront de plus en plus confrontés a la prise en charge de ce type de
manifestations induites par les ICI, et 2) de simplifier et accélérer la gestion des irAEs par les

médecins prescripteurs d’immunothérapie.

Enfin, a I’image des registres mis en place avec succes par la communauté
rhumatologique pour le suivi des patients sous biothérapie (ORA, REGATE, AIR-PR..), il
serait intéressant de mettre en place de tels registres pour suivre les patients avec irAEs
rhumatologiques. Ceux-ci permettraient, grice a un suivi a long terme, d’apporter des
réponses a des questions cliniques telles que I’évolution a long terme des irAEs, I’impact de
la corticothérapie et d’autres traitements immunosuppresseurs sur la réponse tumorale, qui
restent sans réponse actuellement. Ces registres permettraient aussi de suivre nos patients
atteints de maladie auto immune pré existante et mis secondairement sous immunothérapie

anti cancéreuse.

En conclusion, ces irAEs rhumatologiques constituent une nouvelle entité de notre

spécialité, ouvrant la porte a de nombreux projets centrés autour de la multidisciplinarité.
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Prévalence des manifestations rhumatologiques apparues sous immunothérapie anticancéreuse et
corrélation a la réponse tumorale : une étude prospective monocentrique.

Objectif: Déterminer la prévalence et le type d’immune-related adverse events (irAEs) rhumatologiques apparus
sous inhibiteurs de checkpoint immunitaire (ICIs), ainsi que la corrélation avec la réponde tumorale.

Méthodes: Nous avons réalisé une étude monocentrique prospective observationnelle incluant tous les patients
atteints de cancer traités par ICIs. L apparition des irAEs et la réponse tumorale étaient rapportées. Les patients
développant des atteintes rhumatologiques étaient adressés au service de rhumatologie pour évaluation et prise
en charge.

Résultats: De septembre 2015 a mai 2017, 524 patients ont recu des ICIs et 35 patients ont été adressés en
rhumatologie (6.6%). Tous les irAEs rhumatologiques sont survenus au cours d’un traitement par anti PD-1/PD-
L1, a I’exception d’un patient, avec un temps d’exposition moyen de 70 jours. Il existait deux présentations
cliniques distinctes: 1) arthrite inflammatoire a type de polyarthrite rhumatoide (PR)(n=7), de pseudo
polyarthrite rhizomélique (n=11) ou de rhumatisme psoriasique (n=2), et 2) manifestations rhumatologiques non
inflammatoires (n=15). Un seul patient avec PR avait des Ac anti CCP. Dix-neuf patients ont été traités par
corticoides avec une dose moyenne de 17 mg/j et deux patients ont re¢u du methotrexate. Les manifestations non
inflammatoires ont été traitées avec des AINS, des antalgiques simples ou bien par kinésithérapie.
L’immunothérapie a pu étre poursuivie chez tous les patients sauf un. Les patients avec irAEs rhumatologiques
avaient une meilleure réponse tumorale par rapport a ceux sans irAEs rhumatologiques (85.7% versus 35.3%;
p<0.0001).

Conclusions: Devant I’augmentation croissante de [’utilisation des ICIs, la compréhension des irAEs et de leur
prise en charge est primordiale. Tous les patients ont répondu a des doses modérées de corticoides ou a des
traitement symptomatiques, et n’ont pas nécessité d’arrét de I’immunothérapie, d’autant plus que le taux de
réponse tumorale était significativement plus important chez les patients développant des irAEs
rhumatologiques.

Mots clés : inhibiteurs de checkpoint immunitaire, réponse tumorale, effets secondaires rhumatologiques,
polyarthrite rhumatoide, pseudo-polyarthrite rhizomélique, rhumatisme psoriasique

Rheumatic disorders associated with immune checkpoint inhibitors in cancer patients: clinical aspects
and relationship with tumour response. A single-center prospective cohort study.

Objectives: To evaluate the prevalence and type of rheumatic immune-related adverse events (irAEs) in patients
receiving immune checkpoint inhibitors (ICIs), as well as the correlation with tumour response.

Methods: This was a single-centre prospective observational study including all cancer patients receiving ICls.
The occurrence of irAEs and tumour response was assessed on a regular basis. Patients who experienced
musculoskeletal symptoms were referred to the rheumatology department for clinical evaluation and
management.

Results: From September 2015 to May 2017, 524 patients received ICIs and 35 were referred to the
rheumatology department (6.6%). All but one of the rheumatic irAEs occurred with anti PD-1/PL-L1 antibodies,
with a median exposure time of 70 days. There were two distinct clinical presentations: 1) inflammatory arthritis
(IA) mimicking either rheumatoid arthritis (n=7), polymyalgia rheumatica (n=11), or psoriatic arthritis (n=2),
and 2) non-inflammatory musculoskeletal conditions (n=15). Of note, one RA patient was anti-CCP positive.
Nineteen patients required corticosteroids with a median dose of 17 mg/day and methotrexate was started in two
patients. Non-inflammatory disorders were managed with NSAIDs, analgesics and/or physiotherapy. ICI
treatment was pursued in all but one patient. Patients with rheumatic irAEs had a higher response rate compared
to patients without rheumatic irAEs (85.7% versus 35.3%; p<0.0001).

Conclusions: Since ICIs are used with increasing frequency, knowledge of rheumatic irAEs and their
management is of major interest. All patients were responsive either to low-to-moderate doses of prednisone or
symptomatic therapies and did not require ICI discontinuation especially as tumour response was significantly
higher in patients who experienced rheumatic irAEs.

Key words : immune checkpoint inhibitors, immune related adverse events, tumour response, rhumatoid
arthritis, polymyalgia rheumatica, psoriastic arthritis
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