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ABSTRACT

With rapid advances in immuno-onco-
logy, immune checkpoint inhibitors
(IClIs) are increasingly used for a broad
array of malignancies. This has led to
a novel spectrum of adverse effects in-
cluding ICI-related myositis, a poten-
tially life-threatening neuromuscular
complication that must be diagnosed
and treated promptly. Significant gaps
exist in the current understanding of
ICI-related myositis due to the rarity of
the condition and the lack of evidence-
based guidelines, prompting the need to
synthesise the most relevant and recent
published works in the field. This re-
view provides a broad overview of ICI-
related myositis with an emphasis on
pathophysiology, epidemiology, clini-
cal features, workup, management and
future directions.

Introduction

Immunotherapy has radically trans-
formed cancer treatment, and immune
checkpoint inhibitors (ICIs) lie at the
forefront of this revolution. As immune
checkpoint inhibitory receptors such as
those associated with programmed cell
death 1 (PD-1), PD ligand 1 (PD-L1),
and cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) are highly ex-
pressed on cancer cells, they allow can-
cer cells to evade immunosurveillance
and to proliferate. ICIs promote contin-
ued non-specific T-cell activation and
increased anti-tumour response leading
to response in a good number of refrac-
tory or disseminated cancers (1). There
has been considerable progress in the
treatment of even advanced-stage can-
cers such as metastatic melanoma, with
ICIs inducing complete remission in
a subset of patients (2, 3). Following
this success, the utilisation of ICIs has
expanded to a growing number of ma-
lignancies (4). As of November 2022,

nine ICIs targeting PD-1, PD-L1 and
CTLA-4 have been approved by the
United States Food and Drug Admin-
istration (FDA), and these are summa-
rised in Table I (5-7).

Unfortunately, the increased activa-
tion of the immune system by ICIs can
have the unintended consequence of
targeting non-tumour cells, leading to
the emergence of immune-related ad-
verse effects (irAEs) (8). irAEs are dis-
tinct from side effects encountered in
conventional cancer therapies and can
target any organ system. The range of
rheumatologic and neurologic manifes-
tations is broad and can include polymy-
algia rheumatica, Sjogren’s syndrome,
scleroderma, sarcoidosis, encephalitis,
hypophysitis, peripheral neuropathy,
myasthenia gravis, and myositis (9-
11). Myositis induced by ICI therapy is
shown to carry a particularly high mor-
tality rate when associated with other
autoimmune manifestations such as
myocarditis and myasthenia gravis (9,
12). Importantly, ICI-related myositis
has features distinct from typical in-
flammatory myopathies and requires a
different clinical approach to diagnosis
and management (13).

With rising rates of ICI use, it is in-
creasingly important for clinicians to
be aware of ICI-induced myositis to
ensure prompt diagnosis and treatment
of this potentially life-threatening con-
dition. This review aims to summarise
the pathophysiology, epidemiology,
clinical features, workup, and manage-
ment of ICI-related myositis, while
also highlighting knowledge gaps and
future directions.

Immune pathophysiology

The anti-tumour response is a highly
complex process, and the PD-1/PD-L1
and CTLA-4 checkpoints act at differ-
ent stages of this pathway. CTLA-4
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Table I. FDA-approved immune checkpoint inhibitors (PD-1/PD-L1/CTLA-4).

Initial FDA approval Drug Target FDA-approved indications

2011 Ipilimumab CTLA-4 Melanoma, CRC, HCC, mesothelioma, NSCLC, RCC

2014 Nivolumab PD-1 Melanoma, NSCLC, SCLC, RCC, Hodgkin’s lymphoma, HNSCC, CRC, gastric can-
cer, HCC, urothelial carcinoma, oesophageal cancer, mesothelioma

2014 Pembrolizumab PD-1 Melanoma, NSCLC, SCLC, RCC, Hodgkin’s lymphoma, HNSCC, Merkel cell carci-
noma, MSI-H or dMMR cancers, CRC, gastric cancer, HCC, cervical cancer, PMB-
CL, cutaneous SCC, urothelial carcinoma, breast cancer, endometrial carcinoma, oe-
sophageal cancer, TMB-high cancers

2016 Atezolizumab PD-L1 Urothelial carcinoma, NSCLC, SCLC, breast cancer, HCC, melanoma

2017 Avelumab PD-L1 Merkel cell carcinoma, urothelial carcinoma, RCC

2017 Durvalumab PD-L1 Urothelial carcinoma, NSCLC, SCLC, biliary tract cancer, HCC

2018 Cemiplimab PD-1 Cutaneous squamous cell carcinoma, BCC, NSCLC

2021 Dostarlimab PD-1 Endometrial carcinoma, dMMR solid cancers

2022 Tremelimumab* CTLA-4 HCC, NSCLC

CRC: colorectal cancer; HCC: hepatocellular carcinoma; NSCLC: non-small cell lung cancer; SCLC: small cell lung cancer; RCC: renal cell carcinoma;
HNSCC: head and neck squamous cell carcinoma; PMBCL: primary mediastinal large B-cell lymphoma; SCC: squamous cell carcinoma; BCC: basal cell
carcinoma; MSI-H: microsatellite instability-high; dMMR: mismatch-repair deficient; TMB: tumour mutational burden.

*Approved in combination with durvalumab for HCC (Oct 2022) and NSCLC (Nov 2022).

inhibits naive T- cell activation pri-
marily in the lymph nodes. Blocking
CTLA-4 therefore results in continued
activation of T-cells that can travel to
peripheral tissues such as the tumour
bed, where PD-1/PD-L1 interaction
has similar inhibitory effects on T- cell
activity. With prolonged exposure to
tumour antigens, effector T cells in the
tumour bed may lose the ability to re-
spond to tumour antigens. This process
is termed T cell exhaustion and is fa-
cilitated by the interaction of PD-1 and
PD-L1 checkpoints. Hence, blocking
either PD-1 or its ligands allows for
continued T-cell activation at the tu-
mour site (14, 15).

In ICI-related myositis, T-cell activa-
tion is targeted toward healthy skeletal
muscle, consisting of CD4* and CD8*
T-cell and macrophage infiltration not-
ed on skeletal muscle biopsy (16, 17).
Marked necrosis may also be seen in
a multifocal pattern, as opposed to a
more homogenous pattern noted in the
idiopathic inflammatory myopathies
(IIMs) (18). Other patterns similar to
those seen in dermatomyositis have
been described, including perimysial
perivascular inflammation and a ten-
dency towards perifascicular atrophy
(19). In patients with concomitant myo-
carditis, endomyocardial biopsy shows
lymphocytic infiltration in a similar
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pattern to that seen in skeletal muscle
and the prognosis of ICI myocarditis
is poor (12, 16). It has been suggested
that shared epitopes by tumour, skeletal
muscle, and cardiac muscle could be re-
sponsible for this phenomenon (20-22).
Unlike the I1IMs, myositis-specific au-
toantibodies are generally not observed
in ICI-related myositis (23, 24). Some
patients present with acetylcholine re-
ceptor (AChR) antibodies which may
suggest a concomitant myasthenia
gravis (25). However, as AChR anti-
bodies can also be seen in ICI-related
myositis without myasthenia gravis, it
has been suggested that AChR positiv-
ity may also be a nonspecific marker
of autoimmune activation (26). Direct
extraocular muscle inflammation is not
uncommon in ICI myositis leading to
diplopia which can be incorrectly as-
sumed to be due to myasthenia gravis
rather than myostis. Striational anti-
bodies have been shown to be present
in about half of patients with ICI-relat-
ed myositis and even more pronounced
in cases of concomitant myositis and
myasthenia gravis (18,23,27). It is un-
clear if these antibodies may already be
present before ICI initiation as Shah et
al. noted in one patient (24).

Statin-associated necrotising autoim-
mune myopathy (SANAM) is associ-
ated with autoantibodies directed at the

5-hydroxy-3-methylglutaryl-coenzyme
A reductase (HMGCR) (11). A case
report described muscle weakness and
markedly elevated creatine kinase 2
weeks after ICI initiation in a patient
with a history of statin intolerance (28).
HMGCR antibody levels were initially
normal then elevated at the time of
weakness onset and further increased
later on. ICI may have uncovered or
exacerbated latent SANAM as this
patient myalgias led to stopping rosu-
vastatin 2weeks before ICI initiation.
Though it is unclear if the myositis was
mediated by the HMGCR antibodies,
this case raises the question of whether
pre-existing autoimmunity predisposes
to ICI-related myositis. Kadota et al.
proposes that there are two different
subsets of ICI-associated myositis with
differing pathophysiology: a de novo
onset type and an exacerbation after
initiation of ICIs. In the latter subset,
patients may already have predisposed
autoreactive T-cells that are then acti-
vated after initiation of ICIs (29). Toi et
al. found that patients with pre-existing
antibodies (rheumatoid factor, antinu-
clear antibody, anti-thyroglobulin, and
anti-thyroid peroxidase) had a higher
predisposition to developing several
types of irAEs but also carried a better
prognosis than those without pre-exist-
ing antibodies (30). On the other hand,
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a recent prospective study by Barth et
al. did not reveal any association be-
tween autoantibody status and frequen-
cy of irAEs or treatment efficacy (31).
Of note, these studies have examined
a broad spectrum of irAEs, and more
research is needed to examine these
findings specifically with regards to
ICI-related myositis.

Epidemiology

ICI-related myositis is a relatively rare
entity, accounting for 0.38-0.6% of
irAEs after ICT use (12, 13,32). Nguyen
et al. recently investigated ICI-related
myositis cases in the World Health Or-
ganisation’s pharmacovigilance data-
base and reported a male predominance
(70%) with an average presenting age
of 71. ICI-related myositis is more than
twice as likely to occur with PD-1/PD-
L1 inhibitors compared to CTLA-4
inhibitors, and combination therapy is
significantly more likely to cause ICI-
related myositis compared to mono-
therapy. Of the rheumatologic and mus-
culoskeletal irAEs, myositis is the most
severe, with a case fatality rate of 26.8%
when associated with myasthenia gravis
and 51.3% when concurrent with myo-
carditis (32). Lung and skin cancers are
the most common malignancies associ-
ated with ICI-related myositis but also
the most common indications for ICI
therapy (9, 13, 32). It is likely that the
epidemiology of ICI-related myositis
will evolve as ICIs are used for a broad-
er variety of indications.

Clinical presentation

ICI-induced myositis typically presents
within two months after the initiation
of ICIs but can be as early as 5 days or
delayed up to 19 weeks with relatively
quick progression over days to weeks
(9,17). As with idiopathic inflammatory
myopathies, patients commonly present
with progressive proximal upper and
lower extremity weakness. Myalgias
and fatigue are also common. However,
oculomotor and bulbar symptoms can
be seen in up to 25% of patients, which
are rare in idiopathic inflammatory
myopathies (33). These symptoms in-
clude ptosis, ophthalmoplegia, and dys-
phagia. There have also been reports
of diaphragmatic involvement (34-36).
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The presence of ocular, bulbar, and res-
piratory symptoms can resemble my-
asthenia gravis and therefore requires
further workup with antibody testing,
electromyography (EMG), repetitive
nerve stimulation and possibly single
fiber EMG to assess the integrity of the
neuromuscular junction.

The frequency of ICI-related myositis
and mortality risk are increased with
combination ICI therapy. Large database
analyses of myositis after combined
nivolumab and ipilimumab therapy
have reported frequencies of 0.24% and
mortality of 0.03%, compared to 0.15%
and 0.01%, respectively, with nivolum-
ab only (20). Dyspnoea, chest pain, and
arrhythmias should raise suspicion for
myocarditis, which can occur concur-
rently in 11-41% of patients with ICI-
related myositis and is a major cause of
mortality (12, 13, 21, 32, 37). Interest-
ingly, Hamada et al. reported that ptosis
at symptom onset was independently
and significantly associated with in-
creased risk of developing concomitant
myocarditis (13). Patients with overlap-
ping myositis and myocarditis may also
have an earlier onset of disease (20). Of
note, overlapping asymptomatic myo-
carditis has also been reported and it is
therefore important to assess for myo-
carditis in all patients with ICI-related
myositis regardless of symptomatology
(38). Lastly, the characteristic skin find-
ings of dermatomyositis (for example,
Gottron papules, heliotrope rash) are
exceedingly rare in ICI-related myositis
but have been described in the literature
(39, 40).

With the clinical presentation of ICI-
related myositis ranging from mild
weakness to life-threatening myocar-
ditis and respiratory failure, classifica-
tion criteria are helpful for standard-
ising the reporting of symptoms. The
Common Terminology Criteria for Ad-
verse Events (CTCAE), developed by
the National Institutes of Health (NIH)
and National Cancer Institute (NCI),
grades immune related adverse events
from cancer therapy (41). Grades 1
and 2 indicate mild or moderate weak-
ness, grade 3 suggests severe weak-
ness, grade 4 involves life-threatening
consequences, and grade 5 indicates
treatment-related death. The grading

of ICI-related myositis has treatment
implications and will be detailed in the
Management section.

Differential diagnoses

and work-up

Diagnosing ICI-related myositis can be
challenging, especially since there are
no established, evidence-based diag-
nostic criteria and no specific biomark-
ers. As discussed, the clinical presenta-
tion of ICI-related myositis is like that
of IIMs but with additional features in
some patients including ocular, bul-
bar, respiratory, and cardiac involve-
ment. In any patient on ICI therapy, it
is important to maintain a high index
of suspicion for irAEs and particularly
myositis given its relatively quick on-
set and potential for life-threatening
myocardial involvement.

Given a pre-existing cancer diagnosis,
it can be difficult to distinguish between
true ICI-induced myositis and [IMs as-
sociated with malignancy. Differen-
tiating these conditions is important
for determining the next step in man-
agement. Importantly, the presence of
myositis-specific antibodies and myosi-
tis-associated antibodies favours IIM
instead of ICI-related myositis. Shibata
et al. 2019 reports a case of a gentle-
man developing myositis after induc-
tion of nivolumab initially suspected
to have ICI-related myositis. However,
the high anti-TIF1-y antibody titer and
the presence of Gottron papules before
initiation of ICI therapy led to the final
diagnosis of malignancy-associated
dermatomyositis (42). Hence, recent
ICI therapy should not preclude the
diagnosis of an IIM of paraneoplastic
aetiology. Of note, progression of the
underlying cancer should also be on the
differential for patients presenting with
generalised fatigue and weakness. An-
other potential confounder is Lambert-
Eaton myasthenic syndrome (LEMS).
It presents with proximal weakness,
reduced tendon reflexes and dysautono-
mia. Fifty percent of LEMS cases have
an underlying malignancy, most com-
monly small cell lung cancer (43).

The ocular, bulbar, and respiratory
symptoms often noted in ICI-related
myositis can also resemble features of
ICI-related myasthenia gravis (MQG),
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which has an incidence of 0.24% (44).
ICI-related myositis, however, typi-
cally does not present with the fluctua-
tion in muscle fatigability seen in ICI-
related myasthenia gravis. While MG
antibodies such as anti-AChR, muscle
specific kinase (MuSK), and low den-
sity lipoprotein receptor-related protein
4 (LRP4) can assist in the diagnosis,
ICI-related myasthenia gravis can be
seronegative in a third of patients and
present as an overlapping syndrome
with ICI-related myositis, complicat-
ing the distinction between these two
entities (13, 36, 45).

Important laboratory tests to initially
obtain include creatine kinase (CK),
liver transaminases (AST/ALT), LDH,
aldolase, and inflammatory markers
(ESR, CRP) (21, 46). CK levels are
generally elevated and correlate with
symptom severity, with patients treated
with combination ICIs having particu-
larly high levels (23, 29, 47). Rise in
CK occurs early in the clinical course,
which can be helpful in initial workup
(17). However, high CK levels are
nonspecific and should be interpreted
with caution. Liewluck et al. reported
a patient in their IClI-related myositis
cohort with very high CK levels but
a mild course and acknowledged that
it is possible that this patient had only
rhabdomyolysis and not myositis (48).
There have also been reports of patients
with ICI-related myositis only mildly
elevated or normal CK. Shelly et al.
noted that patients with oculobulbar
predominant phenotype had lower CK
levels (18).

Troponins should also be drawn, even
in absence of cardiac symptoms, given
the strong association of ICl-related
myositis with myocarditis. Troponin
I is more specific for cardiac involve-
ment than troponin T, which can be ele-
vated due to skeletal muscle breakdown
as well (47). EKG is recommended to
assess for arrhythmias, and echocardio-
gram and cardiac magnetic resonance
imaging (MRI) can also be considered
on an individual basis (49).

Imaging and EMG can help support
the diagnosis of myositis, but findings
are not specific for ICI-related myosi-
tis. EMG typically shows myopathic
motor unit potentials and nerve con-
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duction studies (NCS) can also help
identify overlapping neuromuscular
diseases (37, 47). While the pattern of
myopathy with irritability supports the
broad category of myositis on EMG,
NCS and specifically repetitive nerve
stimulation may suggest MG or LEMS.
On limb MRI, affected muscles may
show increased T2 signal indicative of
oedema with contrast enhancement that
at times involves the fascia suggesting
added fasciitis (19). Muscles also dem-
onstrate increased FDG uptake on PET/
CT. Muscle MRI and EMG can also
guide the location of tissue biopsy as
sampling the wrong area may provide
a false negative result. The presence of
endomysial inflammatory infiltrates on
muscle biopsy and necrosis/myophago-
cytosis in a multifocal pattern is typical
of ICI-related myositis (18). Perimysial
perivascular inflammation and a ten-
dency towards perifascicular atrophy
have also been described with ICI-re-
lated myositis (19). Of note, performing
biopsy after initiation of steroid therapy
can affect results, though it is unclear
how quickly results are affected (47).
With many reports in the form of isolat-
ed case studies, series and retrospective
analyses, the inclusion criteria for ICI-
related myositis varies between studies.
To facilitate coordination among future
studies, Saygin et al. recently proposed
criteria for the diagnosis of ICI-related
myositis. Major criterion was defined
as muscle histopathology consistent
with ICI-related myositis, and minor
criteria were defined as 1) elevation in
CK or aldolase, 2) EMG with myopath-
ic pattern, and 3) abnormal signal on
MRI or increased FDG uptake on PET
scan. Among patients on ICI therapy
with weakness or myalgia, one major or
three minor criteria qualified as “defi-
nite” ICI-related myositis, whereas two
minor criteria qualified as a “probable”
diagnosis (37). These criteria have yet
to be prospectively validated.

Management

The management of ICI-related myosi-
tis depends on the clinical presentation
and extent of disease. In general, pa-
tients should be referred to a neurolo-
gist or rheumatologist in mild cases and
hospitalised in severe cases. The main-

stay of treatment is short-term corticos-
teroids and at times adjuvant immuno-
suppressive agents. Also of importance
is the question of whether to stop or
proceed with ICI treatment, which can
affect overall cancer prognosis.

The American Society of Clinical On-
cology (ASCO) and the Society for Im-
munotherapy for Cancer (SITC) have
published similar guidelines for the
treatment of ICI-related myositis strati-
fied by CTCAE classification (46, 50).
In grade 1 disease, characterised by
mild weakness, patients can continue
ICI therapy while being closely moni-
tored for the development of any addi-
tional symptoms. Outpatient oral pred-
nisone at 0.5 mg/kg/day could be con-
sidered if muscle weakness is accompa-
nied by an increase in CK or aldolase.
In grade 2 myositis, which involves
moderate weakness and limitation of
daily activities, ICI therapy should be
withdrawn though it can be reiniti-
ated if CK normalises, and symptoms
are well controlled with a prednisone
dosage of 10 mg or less. Treatment of
grade 3 and 4 disease requires a higher
prednisone dose of 1 mg/kg/day and
potential escalation to pulse dosing of
intravenous methylprednisolone. Most
patients experience improvement with
steroids (47). Corticosteroids should
be slowly tapered over 4 weeks to limit
cancer recurrence risk and it is impor-
tant to remain vigilant for myositis re-
lapse during this period (51). Symptoms
may take days to months to resolve, and
laboratory markers such as CK, ESR,
and CRP should be followed.
Unfortunately, there are no clear guide-
lines for approaching steroid-refractory
cases. Plasma exchange (PLEX), intra-
venous immunoglobulin (IVIG), and
nonsteroidal immunosuppressive agents
may be used in these scenarios. Pa-
tients with overlapping syndromes such
as myasthenia gravis and myocarditis
have been reported to be less respon-
sive to steroid therapy (52). Therefore,
it is important to be cognisant of these
overlapping conditions when devel-
oping treatment plans. For example,
management of ICI-related myocarditis
requires higher doses of corticosteroids
than ICI-related myositis, and therefore
patients with overlapping ICI-related
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myositis and myocarditis may benefit
from higher doses of corticosteroids
upfront (52-54). Safa et al. reported
that in cases of overlapping myasthenia
gravis, early addition of PLEX or IVIG
to the steroid regimen resulted in better
outcomes regardless of initial symptom
severity (44). Of note, plasma exchange
can lower CK and it is important to be
aware of this when monitoring for im-
provement (55).

Non-steroidal immunosuppressive
agents such as rituximab, and pos-
sibly TNF-alpha inhibitors, and IL-6
antagonists can be attempted if there
is still no improvement after steroids
and IVIG or PLEX, but data are often
anecdotal and mostly from case reports
and series (50, 56). Caution with use of
TNF-alpha blockers is recommended
as they can trigger myositis whereas
the randomised controlled trial of to-
cilizumab in the treatment of refrac-
tory adult myositis was negative (57,
58). Azathioprine, mycophenolate, and
methotrexate can also be employed, as
in IIMs, but can take months to have a
therapeutic effect (12, 59, 60).
Reinitiating ICI therapy after recovery
from ICI-related myositis is done on a
case-by-case basis, and formal guide-
lines have not yet been established.
This requires a discussion between the
treating oncologist and the muscle spe-
cialist and should include the patient.
The risks of recurrent immune adverse
events need to be balanced with the
benefits of ICIs in cancer treatment.
Aldrich et al. reported that one patient
in their study with overlapping myosi-
tis and myasthenia gravis developed
a relapse after rechallenging, which
suggests the need for greater caution
in higher grade myositis (12). Weill et
al. reported that none of the 9 patients
in their national multicentre study that
were rechallenged with ICIs had a re-
lapse of myositis, though one patient
developed immune-related colitis. Of
note, none of the patients in the study
had myocardial involvement, and some
patients were excluded from rechal-
lenge due to severity and safety reasons
(61). Hence, ICI rechallenge appears
to be a potentially feasible option after
deliberation between the muscle and
cancer specialist and the patient with
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careful consideration of the clinical
presentation and severity of disease. If
after weighing the risks benefits and al-
ternatives the joint decision is made to
move forward with ICI rechallenge, this
should be done with caution and close
patient monitoring of muscle status by
the neurologist or rheumatologist.

Knowledge gaps and future
directions

There are significant gaps in the cur-
rent understanding of ICI-related my-
ositis, beginning at the level of immune
pathogenesis. The role of autoantibod-
ies in ICI-related myositis is unclear,
and more data on autoantibody status
prior to ICI therapy initiation and ge-
netic makeup may be helpful to identify
factors that predispose certain patients
to the development of myositis. Clearer
mechanistic understanding of the ICI-
induced toxicity in muscle can also
guide treatment strategies. A particular-
ly pressing unresolved issue is the best
treatment of steroid-refractory ICI-
related myositis or in cases with par-
tial response requiring long-term treat-
ment; prospective studies are needed to
determine optimal management. More
research is needed to determine if when
and in whom ICI therapy can be reiniti-
ated after successful treatment. Lastly,
given the recent development of ICIs
and improvements in cancer survival,
the long-term safety profile of ICIs is
unknown and continued monitoring of
patients with a history of ICI-related
myositis is essential. Ultimately, pre-
dicting which patients are at risk of de-
veloping myositis, prompt recognition
and management of the complications,
and selective re-initiation of the ICI are
gaps that require further research.

Conclusion

Immune checkpoint inhibitors have
revolutionised cancer therapy but have
also introduced a new spectrum of
side effects distinct from those seen
with traditional cancer treatments. ICI-
related myositis is a rare but serious
adverse event that requires early recog-
nition and prompt treatment. Clinical
presentation is variable and can range
from mild weakness to respiratory fail-
ure and myocarditis. Thorough workup

is needed for diagnosis and exclusion
of comorbid irAEs such as myocar-
ditis and MG. Corticosteroids are the
cornerstone of management and se-
vere cases typically require adjunctive
therapeutics in addition to stopping ICI
therapy. Translational research to clari-
fy the underlying pathophysiology and
prospective clinical studies involving a
larger number of patients will be cru-
cial in efforts to better predict and most
effectively treat ICI-related myositis
while not interfering with the benefi-
cial impact of ICIs on tumour control.
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