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Features of myositis and myasthenia gravis in patients treated
with immune checkpoint inhibitors: a multicentric,
retrospective cohort study
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Summary

Background Immune checkpoint inhibitors (ICIs) may induce overlapping myositis/myasthenia gravis (MG) features,
sparking current debate about pathophysiology and management of this emerging disease entity. We aimed to clarify
whether ICI-induced (ir-) myositis and ir-MG represent distinct diseases or exist concurrently.

Methods We performed a retrospective multicenter cohort study. Using the Paris University Hospitals database
(n = 2,910,417), we screened all patients with International Classification of Diseases codes or free text related to
myositis/MG signs and ICI (n = 620). ‘Ir-MG signs’ were defined by fatigability, repetitive nerve stimulation (RNS)
decrement, and/or acetylcholine receptor antibodies (AChR Abs).

Findings Ir-MG signs were never observed in the absence of ir-myositis (pathological diagnosis (n = 12/14) or CK
levels >8000 U/L (n = 2/14)). Among ir-myositis patients, fatigability (2%; n = 1/62) and RNS decrement (2%;
n = 1/41) were demonstrated only in one patient with pre-existing MG. AChR Abs testing yielded positive
results in 26% of ir-myositis patients (n = 14/53). We revealed that test results were already positive prior to ICI
therapy (n = 8/9). Clinically, ir-myositis frequently presented with “MG-like” oculomotor disease (50%; n = 31/
62), bulbar dysfunction affecting speech (29%; n = 18/62) and swallowing (42%; n = 26/62), and respiratory
disorders (53%; n = 33/62). Extraocular and diaphragm muscles necropsies disclosed intense muscle
inflammation (100%; n = 5/5).

Interpretation In our extensive database, we found no evidence of isolated ir-MG, nor of clear neuromuscular junction
dysfunction in ir-myositis. These findings suggest that patients with ir-MG suspicion frequently have ir-myositis and
ir-MG might be rare. “MG-like” symptoms may stem from ir-myositis-specific predilection for oculo-bulbo-
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respiratory musculature. Indeed, we revealed florid inflammatory infiltration of the oculomotor and respiratory

muscles. Additional studies are needed to confirm these results and to elucidate the role of pre-existing AChR

Abs in ir-myositis.
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Research in context

Evidence before this study

To characterize neuromuscular toxicities related to expanding
immune checkpoint inhibitor exposure world-wide, we
conducted a search on PubMed using the terms ‘myositis’ or
‘myasthenia gravis’ (MG) and ‘immune checkpoint inhibitor’
(1C1), without language restrictions, from 2011, when the first
ICl was approved by the Food and Drug Administration, to
March 2022. We mainly identified case reports and case series.
These published data have led to systematic reviews of the
literature on 'ICl-induced myasthenia gravis’ and ‘ICl-induced
myositis’, allowing for the perception of these two entities as
distinct immune-related adverse events. Consequently,
international consensus guidelines for management of MG
have provided therapeutic recommendations for patients with
ICl-induced MG. However, in most reported cases of ICl-
induced MG, increased muscle enzyme levels were noted,
suggesting muscle damage. On the other hand, described
cases of ICl-induced myositis frequently exhibited oculomotor
signs, which are very unusual in idiopathic myositis and
typically suggestive of neuromuscular junction pathology.
Furthermore, the presence of MG-related autoantibodies was
regularly reported in ICl-induced myositis. Finally, some
studies described cases of overlapping ICl-induced myositis
and MG.

Added value of this study

We endeavored to clarify the spectrum of ICl-induced
neuromuscular toxicity. The present retrospective cohort
study was conducted using the Clinical Data Warehouse of the

Introduction
“Immune checkpoints” constitute immuno-inhibitory
signaling pathways that mediate negative regulation of
T-cell activation (e.g., induction of T-cell anergy — for
maintenance of peripheral tolerance,'* or in the context
of tumor cells, immune evasion).’ Blockade of these cell
membrane receptor interactions by immune checkpoint
inhibitors (ICIs) leads to T-cell activation and restoration
of anti-tumor T-cell activity.®’

ICIs have been demonstrated to elicit sustained
clinical responses in patients with previously

largest hospital trust in Europe (Assistance Publique -
Hopitaux de Paris). We systematically searched for patients
with isolated and/or overlapping features of ICl-induced
myositis and MG and provide a thorough characterization of
these patients, including results of autoantibody testing in
sera obtained prior to ICl exposure, and autopsies of the
extraocular muscles and diaphragm.

We found no patients with isolated ICl-induced MG, nor
evidence of novel neuromuscular junction transmission defect
in patients with ICl-induced myositis. Anti-acetylcholine
receptor antibodies pre-exist in a quarter of ICl-induced
myositis patients, demonstrating that they are not induced
by ICI. In addition, we reveal florid inflammatory infiltration
of the oculomotor and respiratory muscles, suggesting that
“MG-like” symptoms may stem from ICl-induced myositis-
specific predilection for oculo-bulbo-respiratory musculature.

Implications of all the available evidence

While not dismissing the possibility of ICl-induced
neuromuscular junction pathology, this work suggests that
isolated cases of ICl-induced MG may represent an entity
whose significance should be reconsidered. In contrast,
distinctive muscle involvement in ICl-induced myositis
establishes it as a unique disease entity, warranting specific
management. Notably, our findings highlight the potential
significance of anti-acetylcholine receptor antibodies as a
biomarker for identifying patients that are at risk of
developing ICl-induced myositis.

untreatable, metastatic disease.*'* This burgeoning
pillar in oncotherapy has become the standard of care
for an expanding plethora of indications, currently
concerning over 40% of oncology patients." In addition,
the ongoing development of novel ICIs anticipates
increasing ICI exposure in the future.

The downside of “unleashing” endogenous immu-
nity however, is triggering autoimmunity. ICIs induce
immune-related adverse events (irAEs) in over half of
cases, frequently leading to premature termination of
therapy, disability, and mortality.®
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Inflammatory myopathy (ir-myositis) and myas-
thenia gravis (ir-MG) are the first and the second most
commonly reported neurological irAEs, respectively."”
Among all irAEs, ir-myotoxicity (ir-myositis and/or ir-
myocarditis) exhibits the highest fatality rate.”

Besides higher mortality (>20%," and approaching
60% in presence of concurrent ir-myocarditis),"* ir-
myositis differs substantially from its spontaneous
counterpart by frequent (“MG-like”) oculomotor (oph-
thalmoparesis and/or ptosis, in half of patients) and
bulbar involvement, and early respiratory failure.''*'* In
addition, presence of acetylcholine receptor antibodies
(AChR Abs) in a subset of patients may suggest con-
current neuromuscular junction disorder.”>”** Indeed,
in recent literature, there is conflicting data on whether
ir-myositis and ir-MG represent distinct diseases or exist
concurrently. >

Distinguishing muscle from neuromuscular junction
pathology is crucial in these patients, as it may influence
selection of therapy (e.g., corticosteroids vs plasmaphe-
resis vs intravenous immunoglobulin treatment,” alter-
native immunosuppressive and biological agents, and
possibly MG-specific symptomatic treatment). Notably,
pioneering therapeutic approaches (e.g., immune check-
point agonists and Janus kinase inhibitors) have recently
shown promising results in ir-myotoxicity,”” raising the
question whether such treatment strategies could also be
employed in patients with ir-MG suspicion.

Our study aimed to clarify whether muscle and/or
neuromuscular junction pathology underlies motor
neuromuscular signs in patients treated with ICI. By
unraveling pathophysiology of overlapping ir-myositis/
MG features, we hope to pave the way for better pre-
vention, recognition, and management of this rapidly
emerging and fulminant disease entity, ultimately
reducing patient disability and mortality.

Methods

Study design

A multicentric, retrospective cohort study was conduct-
ed using the Clinical Data Warehouse of the Greater

2,910,417 patients in Sorbonne Hospitals Healthcare
Information System (2011-2022)

Paris University Hospitals (Assistance Publique-Hopi-
taux de Paris, AP-HP), the largest hospital trust in
Europe. Patients from Sorbonne University Hospitals
(Pitié Salpétriere, Tenon, Saint Antoine, and Charles
Foix) were included. Final data extraction was per-
formed in March 2022. Data collected during routine
clinical care were analyzed by an expert team (LP, EM,
HC). Additionally, results of electrodiagnostic studies
and cardiac investigations were re-evaluated by a clinical
neurophysiologist and cardiologist, respectively, from
Pitié Salpétriere University Hospital, tertiary referral
center for neuromuscular disease. Approval for this
study was granted by the AP-HP Scientific and Ethics
Committee at Pitié Salpétriere University Hospital
(CSE-20-37-JOCARDITE; NCT04294771).

For comparison, a control group of MG patients was
employed. Its constitution was approved by local ethics
committees (RCB 2006-A00164-47 and 2010-A00250-
39).

Patients

Patient selection process is summarized in Fig. 1. All
patients were screened automatically for International
Classification of Diseases (ICD)-10 codes or free text
terms related to motor neuromuscular signs and ICI
treatment. ICD-10 codes included those associated with
myositis, myasthenia, myopathy, respiratory/diaphragm
insufficiency, rhabdomyolysis, myalgia, diplopia, and
ptosis (details provided in Supplementary Table S1).
Free text terms included nivolumab, pembrolizumab,
ipilimumab, atezolizumab, durvalumab, avelumab,
cemiplimab, and dostarlimab.

Subsequently, medical reports retrieved during
screening were analyzed manually to identify patients
with ‘ir-motor neuromuscular disorder suspicion’,
defined by any of the following signs occurring after
ICI exposure: 1) oculomotor, bulbar, respiratory, or
other muscle weakness or fatigability, 2) creatine ki-
nase (CK) elevation (upper reference limit 140 U/L for
females and 170 U/L for males), 3) decrement on re-
petitive nerve stimulation (RNS), or, 4) detectable
AChR Abs.

v

620 patients with assigned ICD coding or free text related to
neuromuscular signs and ICI exposure

:I 2,909,797 patients without ICD coding or free text related to neuromuscular signs and ICT exposure

v

| 138 patients with ir-motor neuromuscular disorder suspicion

448 patients without any of the following, occurring after ICT exposure:
muscle weakness or fatigability
CK elevation
decrement on RNS
presence of AChR Abs
34 patients with insufficient data for further adjudication

regarding the 29 patients with muscle weakness and! or CK elevation attributable to discases other than ir-myositis or MG

no patients with isolated ir-MG

v

| 62 patients with ir-myositis +/- MG

Fig. 1: Flowchart.
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33 patients with only minimal, transient muscle weakness and/ or CK elevation, not suggestive of ir-myositis or -mg

dermatomyositis or antisynthetase syndrome (n = 6)
cerebral metasta 3

polymyalgia r fasciitis, polyradi
thyroiditis, and/or vasculitis (n = 15)
14 patients with insufficient data for further adjudication
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Thereafter, we excluded patients with muscle weak-
ness and/or CK elevation that was mild and transient
and not suggestive of ir-myositis or ir-MG. Patients with
muscle weakness and/or CK elevation more likely
attributable to a diagnosis other than ir-myositis or ir-
MG were additionally excluded.

Finally, ‘isolated ir-MG’ (ir-MG without concurrent
ir-myositis) was defined by 1) fluctuating/fatigable
muscle weakness, and/or decrement on RNS, and/or
presence of AChR Abs, and, 2) absence of ir-myositis.

‘Ir-myositis’ (ir-myositis with or without concurrent
ir-MG) was defined by 1) inflammatory infiltrates on
muscle pathology, or if myopathology was not available,
muscle weakness and CK elevation exceeding five times
the upper reference limit, and 2) absence of a more
likely, alternative diagnosis including dermatomyositis
and anti-synthetase syndrome, based on expert opinion.

Ir-myocarditis diagnosis was based on previously
defined criteria for ‘definite myocarditis’.*

Sex (classified as female or male) was self-reported at
initial hospital visit.

Idiopathic, adult MG patients from a previously
described French database,” were included as a control

group.

Muscle pathology

All muscle biopsies and post-mortem tissue from the
diaphragm and rectus inferior, superior, and lateralis
muscles were analyzed by a myopathology expert (SLL)
in Pitié-Salpétriere Hospital, tertiary referral center for
neuromuscular disease, as described previously.”® In
short, cryostat sections (7 pm) were stained by routine
preparations, including hematoxylin and eosin (H&E)
and immunohistochemistry, with markers directed
against major histocompatibility complex class I (MHC-
I), C5b-9, CD3, CD4, CD8, CD20, and CD56. Patho-
logical diagnosis of ir-myositis was based on presence of
inflammatory infiltrates.

Electrodiagnostic studies

Electrodiagnostic evaluation was performed in Pitié-
Salpétriere Hospital, following standardized procedures.
Myopathic findings were defined by abnormal sponta-
neous activity or polyphasic, short-duration, or low-
amplitude motor unit potentials on concentric needle
electromyography (EMG). Low frequency (3 Hz) RNS
was performed in at least six nerves: the spinal acces-
sory, facial, and anconeus nerves, bilaterally. Decre-
mental response of more than 10% amplitude in at least
one of the nerves tested was determined as evidence of
neuromuscular junction dysfunction.

Antibody testing

Antinuclear, myositis-associated (anti-Ku, anti-PM-
Scl100, anti-PM-Scl75, anti-Ro52, and anti-UIRNP),
and myositis-specific (anti-Mi2A, anti-Mi2B, anti-
TIF1ly, anti-MDAS, anti-NXP2, anti-SAE1, anti-SRP,

anti-Jol, anti-PL7, anti-PL12, anti-E], anti-OJ) Abs
testing was performed with commercially available
standard kits."* AChR Abs testing was performed using
an inhibition enzyme-linked immunosorbent assay
(ELISA) kit (ELISA RSR TM AChRAD RSR Limited), as
previously reported.”? Positive results for AChR Abs
(>0-5 nmol/L) prompted additional AChR Abs assess-
ment in serum samples obtained prior to ICI exposure.
Muscle-specific kinase (MuSK) Abs testing (with a
threshold for a positive result set at 0-40 U/mL) was
performed using the MuSK-Ab ELISA kit from IBL In-
ternational GmbH.

Statistical analysis

R statistical software (version 4.3.2) and GraphPad
Prism were employed for data analysis and visualiza-
tion. Descriptive analysis of clinical parameters is re-
ported with absolute frequencies and percentages for
categorical variables, and with median and interquartile
range (IQR) for quantitative variables.

Role of funding source
None.

Results
Absence of isolated ir-MG in patients with
suspicion of motor neuromuscular toxicity
Among a total of 2,910,417 patients, we were not able to
find any patient with ir-MG in absence of ir-myositis
(Flowchart in Fig. 1). Fatigable/fluctuating muscle
weakness and/or decrement on RNS were observed only
in one patient. This one patient had diagnosis of MG
prior to ICI treatment, and developed (pathologically
proven) ir-myositis after ICI exposure.

AChR Abs (>0-5 nmol/L) were detected in this and
13 other patients, all of whom were diagnosed with ir-
myositis, based on myopathology (n = 12/14) or, in
absence of muscle biopsy, CK levels higher than 8000
U/L (n = 2/14).

In ir-myositis patients, muscular inflammatory
infiltrates may explain “"MG-like” symptoms

We retrieved 62 patients with ir-myositis, with or
without concurrent ir-MG. An overview of basic char-
acteristics, disease course and ancillary investigations is
provided in Tables 1 and 2.

Median age was 70 [60-76] years, and 60% (n = 37/
62) were male. Six percent (n = 4/62) of patients re-
ported history of autoimmune disease (Hashimoto dis-
ease, systemic lupus erythematosus, MG, and anti-SRP-
antibody-positive immune-mediated necrotizing myop-
athy). Skin cancer (32%; n = 20/62) including melanoma
(24%; n = 15/62) and squamous cell carcinoma (8%;
n =5/62), and pulmonary cancer (27%; n = 17/62), were
the most frequent indications for ICI therapy. Other
indications were kidney cancer (10%; n = 6/62), liver

www.thelancet.com Vol 50 March, 2025
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Baseline characteristics No. (%) or

median [IQR]
Age (years) 70 [IQR 60-76]
Male, female 37 (60%), 25 (40%)
History of autoimmune disease 4 (6%)
Indication for ICI therapy:

Skin cancer 20 (32%)

Pulmonary cancer 17 (27%)

Other 25 (40%)
Metastatic disease at ICl onset 39 (63%)
Oncologic treatment prior to ICl therapy 48 (77%)

ICI treatment regimen:
Monotherapy 48 (77%)
Anti-PD1 42 (68%)
Anti-PDL1 6 (10%)
Combination therapy: 14 (23%)
Anti-PD1 + anti-CTLA4 13 (21%)
Anti-PD1 + anti-LAG3 1 (2%)
Table 1: Baseline characteristics of patients with ir-myositis + MG
(n = 62).

cancer (6%; n = 4/62), thymoma (5%; n = 3/62), thymic
epidermoid, oropharyngeal, colon, and bladder cancer
(3%; n = 2/62, each), and ureter, cervical, breast, and
Merkel cell cancer (2%; n = 1/62, each). Cancer was
metastatic in 63% (n = 39/62) of patients. In a quarter
(23%; n = 14/62) of cases, ICI treatment was given as
first-line therapy. Patients received anti-PD1 (68%;
n=42/62) or anti-PDL1 (10%; n = 6/62) monotherapy in
77% (n = 48/62) of cases. The remaining patients (23%;
n = 14/62) received combination therapy, targeting PD1
and CTLA4 (21%; n = 13/62), or PD1 and LAG3 (2%;
n = 1/62). Median time from ICI exposure to symptom
onset was 27 [18-43] days. Most patients exhibited neck
and/or (predominantly proximal) limb muscle weakness
(82%; n = 51/62), with a fatigable/fluctuating compo-
nent only in the patient with pre-existing MG (2%;
n = 1/62). Myalgia was frequently present (58%; n = 36/
62). In addition, half of patients displayed oculomotor
dysfunction, manifesting as isolated ptosis (15%; n =9/
62), isolated diplopia (13%; n = 8/62), or both ptosis and
diplopia (23%; n = 14/62). Ptosis was asymmetric in
approximately half of cases. Bulbar dysfunction
included disorders of speech (29%; n = 18/62) and
dysphagia (42%; n = 26/62), resulting in gastrostomy in
15% (n = 9/62) of patients. Dyspnea was observed in
over half (53%; n = 33/62) of patients. In 29% (n = 18/
62) and 11% (n = 7/62) of cases, respiratory failure
required non-invasive and invasive ventilation, respec-
tively. For patients with available cardiac workup (79%;
n = 49/62), concurrent ‘definite’, ‘probable’ and
‘possible’ myocarditis were observed in 86% (n = 42/49),
4% (n = 2/49) and 10% (n = 5/49) of cases, respec-
tively.” Intensive care unit admission was required in
71% (n = 44/62) of cases. At a median follow-up of 315
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Disease course No. (%) or
median [IQR]
Time from ICl exposure to symptom onset (days) 27 [18-43]

Time from symptom onset to last follow-up (days) 315 [78-452]

Symptoms:
Neck and/or limb muscle weakness 51 (82%)
Fatigable/fluctuating muscle weakness 1(2%)°
Myalgia 36 (58%)
Oculomotor dysfunction 31 (50%)
Diplopia without ptosis 8 (13%)
Ptosis without diplopia 9 (15%)
Diplopia and ptosis 14 (23%)
Disorders of speech 18 (29%)
Dysphagia 26 (42%)
Requiring gastrostomy 9 (15%)
Dyspnea 33 (53%)
Requiring non-invasive ventilation 18 (29%)
Requiring invasive ventilation 7 (11%)
Concurrent myocarditis 42/49 (86%)
Intensive care admission 44 (71%)
Death 25 (40%)
Ancillary investigations No. (%) or
median [IQR]

Serology:

Antinuclear antibodies 24/58 (41%)
7/58 (12%)
0/50 (0%)
14/53 (26%)
8/9 (89%)

Myositis-associated or -specific antibodies

MuSK Abs at diagnosis

AChR Abs at diagnosis

Positive prior to ICl exposure
Biochemistry:

Peak creatine kinase (norm <170 U/L
(males)/<140 U/L (females))

Radiology:

2800 [1300-6946]

MRI: Muscle T2 hyperintensity 12/16 (75%)
Electrodiagnostic studies:
Myopathic pattern on EMG 33/56 (59%)
Decrement on RNS 1/41 2%)*
Muscle pathology:
Inflammation on peripheral muscle biopsy 55/55 (100%)
Inflammation on muscle necropsy
Diaphragm 5/5 (100%)

Extraocular muscles 1/1 (100%)

“Patient with pre-existing MG.

Table 2: Disease course and ancillary investigations in patients with ir-

myositis + MG (n = 62).

[78-452] days, mortality was 40%. Death was due to
cardiac arrest (8%; n = 5/62), respiratory insufficiency
directly related to myotoxicity (6%; n = 4/62) or associ-
ated with pulmonary infection (11%; n = 7/62), and
cancer (15%; n = 9/62). A Kaplan-Meier survival curve
is provided in Supplementary Fig. S1.

Antinuclear antibodies were present in 41% (n = 24/
58) of patients. One-tenth of patients exhibited myositis-
associated antibodies (directed against Ro60/SSA (7%;
n = 4/58), PM-Scl (2%; n = 1/58), and U1-RNP (2%;
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n = 1/58)). Myositis-specific antibodies were observed
only in one patient with pre-existing anti-SRP myopathy.
This patient developed novel muscle weakness after ICI
exposure and showed typical ir-myositis myopathology
on muscle biopsy. Anti-MuSK Abs testing yielded
negative results in all patients tested (0%; n = 0/50). At
time of diagnosis, AChR Abs were present at a level of
>0-5 nmol/L in 14 patients (26%; n = 14/53). In nine out
of these 14 patients, we were able to additionally
examine serum samples obtained prior to ICI exposure.
We retrieved positive test results (>0-5 nmol/L) in eight
out of nine patients, and a borderline negative test result
(0-39 nmol/L) in the remaining patient. Furthermore, in
one additional patient with no detectable AChR Abs at
diagnosis, a positive test result could be noted prior to
ICI exposure. An overview of pre- and post-ICI AChR
Abs titers is provided in Fig. 2 and Supplementary
Table S2. Among the eight patients with positive test
results before and after ICI exposure, AChR Abs titer
decreased following treatment in half the cases and
increased in the other half (n = 4/8). Median AChR Abs
titer (only including titers >0-5 nmol/L) was 8-6
[5-4-28-4] nmol/L (n = 9) before and 6-7 [IQR 4-2-13-0]
nmol/L (n = 14) after ICI exposure. Of note, all patients
with detectable AChR Abs (before or after ICI exposure)

64-
_ 32-
-
© 16—
S
1=
] 8-
(@)]
ko)
‘(;; 4= T
2 '
14 2~ :
5 '
< 1+ '
‘*5 ]
B 0.5+ -
=
0.25+
0.125+

I |
Before ICl exposure After

Fig. 2: AChR Abs titer evolution pre-/post-ICl exposure. Spaghetti
plot of AChR Abs titer (log2 scale, nmol/L) dynamics in patients with
ir-myositis + MG, showing evolution between last available AChR
Abs titer before and first available AChR Abs titer after ICl exposure
(black, n = 10) or, in patients without available pre-ICl AChR Abs
testing, solely showing first available AChR Abs titer after ICl expo-
sure (grey, n = 5). The dotted vertical red line indicates time of ICl
exposure. The dotted horizontal black line denotes the threshold
titer at which an AChR Abs test result was considered positive
(0-5 nmol/L).

were treated with corticosteroids following ir-myositis
diagnosis.

In our control group of idiopathic, adult MG patients
(n = 438), with a median age of 44 [32-62] years and a
female majority (66%; n = 289/438), the percentage of
patients with a positive AChR Abs test at diagnosis
(71%; n = 309/438) was significantly higher than that
found in ir-myositis patients (26%; n = 14/53)
(p < 0.0001). Among AChR Abs-positive patients, me-
dian antibody titer (19-8 [IQR 5-5-92-2] nmol/L) was
also significantly higher compared to that in ir-myositis
(67 [IQR 4-2-13-0] nmol/L) (p < 0.05).

CK peak level was 2800 [1300-6946] U/L. Magnetic
Resonance Imaging showed muscle T2 hyperintensity
in 75% (n = 12/16) of patients. EMG was myopathic in
59% (n = 33/56) of cases.

A decrement was demonstrated only in the patient
with pre-existing MG (2%; n = 1/41). Considering that
sensitivity of RNS in MG is dependent on clinical pre-
sentation, we sub-characterized patients with negative
RNS. Out of 40 patients, 38 (95%) presented with neck
and/or limb muscle weakness (n = 36/40) and/or
generalized myalgia (n = 24/40). Two out of 40 patients
(5%) exhibited extraocular muscle weakness in absence
of more generalized muscle weakness or myalgia.

A muscle biopsy was obtained in 89% (n = 55/62) of
patients. Additionally, we performed necropsies of the
diaphragm (n = 5/5) and extraocular muscles (n = 1/1)
in five patients (8%; n = 5/62). Both muscle biopsies and
necropsies demonstrated intense and diffuse inflam-
mation. Endomysial inflammatory cell densities were of
CD68+ (macrophage) and CD8+ T-cell predominance.
Necrosis, MHC class I upregulation, and C5b-9 depo-
sition (on necrotic and non-necrotic fibers) were near-
universal features and most commonly showed a
multifocal distribution. Typical histopathology of the
oculomotor, neck/limb, and respiratory (diaphragm)
muscles using H&E staining is shown in Fig. 3, along
with the frequency of clinical symptoms associated with
dysfunction of these muscle groups (i.e., diplopia and/
or ptosis, neck/limb weakness, and respiratory insuffi-
ciency, respectively). Representative findings of CD68+
and CD8+ cells immunohistochemical staining in
muscle tissue including the diaphragm are illustrated in
Fig. 4.

Discussion

Based on our extensive database, with a total of
2,910,417 patients including 620 patients evaluated for
suspected ICl-induced motor neuromuscular disorder,
and summarizing the experience of a decade of ICI use
in Parisian hospitals including tertiary centers for
myositis/MG, we were not able to find any patient with
signs suggesting ir-MG (i.e., presence of fatigable or
fluctuating muscle weakness, decrement on RNS, or
AChR Abs) in absence of ir-myositis. Ir-myositis was
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a Lateral rectus muscle

Fig. 3: Oculomotor, neck/limb, and respiratory muscles: frequency of clinical involvement (n = 62, left) and typical histopathology on
biopsy and necropsy (right) in ir-myositis + MG patients. Left: Frequency of dlinically significant oculomotor (50%; n = 31/62), neck/limb
(82%; n = 51/62), and respiratory (53%; n = 33/62) muscle involvement in our cohort of ir-myositis + MG patients (n = 62). Details in Table
2. Right: Representative histopathological findings on biopsy and necropsy of oculomotor (a, lateral rectus muscle, H&E, 100x magnification),
neck/limb (b, deltoid muscle, H&E, 100x magnification), and respiratory (c, diaphragm, H&E, 25x magnification) muscles, showing florid,
multifocal inflammatory cell densities (of CD68+ and CD8+ predominance, immunohistochemistry shown in Fig. 4) and necrosis. Other
universal features included MHC class | upregulation and C5b-9 deposition on necrotic and non-necrotic fibers (not shown here).

myopathologically proven in most patients, or indicated
by severe rhabdomyolysis (CK > 8000 U/L) in two pa-
tients without available muscle biopsy or autopsy. Our
results are in accordance with a recent retrospective
cohort study including patients with neurological irAEs
from 20 hospitals in Spain, that noted pathological
diagnosis of myositis in all patients with ir-MG suspi-
cion.” Accordingly, in studies describing cases of ‘ir-
MG’ based on “MG-like” oculobulbar and/or respiratory
symptoms, and/or presence of AChR Abs, increased CK
levels are noted in >90% of patients.'***** Together,
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these data lead to suggest that patients with ir-MG
suspicion frequently appear to have (isolated, or con-
current) ir-myositis. While recognizing that the retro-
spective design of our study (i.a., lack of routine
diagnostic testing) and the diagnostic challenges inher-
ently associated with MG preclude any conclusive in-
ferences, our results suggest lower incidence of isolated
ir-MG than has often been reported.

In addition, in our cohort of ir-myositis patients
(n = 62), we found no clear clinical or electromyo-
graphic indication that motor neuromuscular
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Fig. 4: Typical myopathology on diaphragm necropsy in ir-myositis + MG patients: CD68+ and CD8+ cells. Immunohistochemistry reveals
that inflammatory infiltrates in ir-myositis + MG are composed mainly of macrophages (a, diaphragm, CD68, 100x magnification) and CD8+ T-

cells (b, diaphragm, CD8, 100x magnification).

symptoms are (partly) caused by neuromuscular junc-
tion disorder. Although further research is needed, our
findings suggest that the reported high incidence of
concurrent ir-MG in some studies could be over-
estimated. We observed ptosis and/or diplopia in 50%,
disorders of speech in 29%, dysphagia in 42%
(requiring gastrostomy in 15%), and dyspnea in 53%
(requiring non-invasive ventilation in 29% and invasive
ventilation in 11%) of cases. These results confirm
previous reports of frequent oculomotor and bulbar
involvement, and early, severe respiratory failure in ir-
myositis.'»'*' Although these symptoms are uncom-
mon in most other types of myositis,” and could
prompt suspicion of concurrent ir-MG,'*** we were not
able to find any patient with fatigable or fluctuating
muscle weakness, nor electromyographic evidence of
neuromuscular junction pathology, with the exception
of one patient with pre-existing MG. This patient
developed (pathologically proven) myositis after ICI
exposure. In alignment with this observation, previous
studies that reported clinical fatigability or decremental
response on RNS in patients with suspected (concur-
rent) ir-MG also included patients with known MG
diagnosis prior to ICI exposure.”

At time of ir-myositis diagnosis, a quarter of patients
were found to test positive for AChR Abs (26%; n = 14/
53). Presence of AChR Abs in a subset of ir-myositis
patients is consistent with findings in earlier
studies.””** In addition, we demonstrate that patients
already exhibit AChR Abs before receiving ICI treat-
ment and that antibody titer does not increase after
treatment. Serum samples obtained prior to ICI expo-
sure were examined for antibodies in nine out of 14
patients with AChR Abs at time of diagnosis, demon-
strating positive test results (>0-5 nmol/L) in eight out of
nine patients, and a borderline negative test result
(0-39 nmol/L) in the remaining patient. We did not

observe a trend towards increased AChR Abs titer in
sera obtained at time of ir-myositis diagnosis compared
to that in sera obtained prior to ICI exposure, although
we cannot exclude that this observation may be influ-
enced Dby treatment with corticosteroids. Of note,
although oculobulbar symptoms might also raise sus-
picion of concurrent anti-MuSK Abs-positive MG, none
of the patients in our cohort exhibited anti-MuSK
antibodies.

Our findings call into question whether the role of
AChR Abs in these patients is the same as in classic,
idiopathic MG. AChR Abs positivity has previously been
described in non-myasthenic, idiopathic autoimmune
conditions.”® In one study investigating ICl-treated
cancer patients, neuromuscular autoantibodies,
including AChR Abs, were detected in 63% (n = 15/24)
of patients that developed irAE, compared to 7% (n = 3/
44) of ICI-treated patients without irAE.” In another
study, AChR Abs were more prevalent in patients with
ir-myocarditis compared to ICI-treated patients without
ir-myocarditis.”® Similarly, a recent clinical trial in
ICI-treated thymoma patients showed an association
between pre-existence of AChR Abs and development of
ir-myositis."” A recent in vitro study revealed that AChR
Abs from two ir-myositis patients lacked the effector
functions (antigenic modulation, complement fixation,
and receptor blocking) exerted by AChR Abs from
idiopathic MG patients.” Additionally, in our study,
AChR Abs titer was significantly lower in ir-myositis
compared to idiopathic MG. Together, these observa-
tions show that the role of AChR Abs in the pathogen-
esis of ICI-induced myotoxicities, occurring shortly (27
[18—43] days) after ICI exposure, is yet to be elucidated.
Pre-existence of anti-AChR autoantibodies in some pa-
tients suggests presence of underlying imbalance in
immune tolerance that is further disrupted by ICI
therapy. Although further research efforts are needed,
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AChR Abs could potentially serve as a biomarker to
identify patients that are most at risk of developing ir-
myotoxicities after ICI exposure. Furthermore, we pro-
pose that presence of AChR Abs might not be a valid
diagnostic marker for (concurrent) ir-MG in absence of
clear clinical or electromyographic evidence of neuro-
muscular transmission defect, as has also recently been
suggested by others.** Instead, presence of AChR Abs in
combination with motor neuromuscular symptoms
should trigger meticulous evaluation for ir-myositis and
ir-myocarditis in addition to ir-MG, in order to consider
specific therapy for ir-myotoxicities.”

“MG-like” oculobulbar and respiratory symptoms
may occur as a result of a particular, ir-myositis-specific
distribution of muscle weakness (i.e., predilection for
oculobulbar and respiratory musculature), instead of
AChR Abs-mediated neuromuscular junction impair-
ment. Indeed, necropsy of the extraocular muscles as
well as the diaphragm revealed florid inflammatory in-
filtrates in all cases. Accordingly, extraocular muscle
inflammation has been observed on magnetic resonance
imaging by others.”” We speculate that inflammation of
the oculobulbar muscles and diaphragm could cause the
oculomotor and respiratory symptoms that we
frequently observe in ir-myositis.

To conclude, incidence of ir-MG might be lower than
is often suggested. In patients receiving ICI treatment,
the appearance of “MG-like” oculobulbar and respira-
tory symptoms and/or AChR Abs should not only lead
to consideration of ir-MG diagnosis, but also prompt
screening and monitoring for inflammatory muscle
disease, including concurrent, lethal ir-myocarditis, as
management of ir-MG and ir-myotoxicities may differ.

Several limitations of our study should be noted. RNS,
although performed in most patients, was not routinely
studied in patients without clinical suspicion of neuro-
muscular junction disorder. In addition, single fiber
EMG was not assessed and response to edrophonium
was investigated in only one patient (negative result).
While remaining cognizant of these limitations, consid-
ering the large number of patients we analyzed, the high
percentage of analyzed patients with generalized muscle
weakness and/or myalgia (95%) and severe disease and
the high sensitivity of RNS in these cases (80% in
generalized MG,” and more sensitive in patients with
fulminant disease*), it is unlikely that we failed to find
evidence of a neuromuscular junction disorder in a sig-
nificant portion of our study cohort. In addition, while
acknowledging the possibility of recruitment bias, the
wide-ranging expertise of our university’s tertiary referral
centers within the neurological and oncological field
including those specialized in MG, myositis, and
immunotherapy-related neurotoxicities, ensures signifi-
cant involvement of the recruiting centers in treating
patients with both peripheral nervous system disorders
and neuro-oncological diseases, mitigating the risk of
sampling bias.
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