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ABSTRACT

Background: Immune checkpoint inhibitors (ICIs) have
improved outcomes significantly for patients across multi-
ple tumor types, and now are being used in combination
with other therapies and in earlier settings where treatment
intent is curative. Immune-related adverse events occur
commonly and there are clear guidelines regarding man-
agement. Neurological toxicities such as myasthenia gravis
(MG) with or without myositis are rare but are associated
with high morbidity and mortality.

Methods: This single-centre study presents a series of pa-
tients treated with ICIs who subsequently developed
immune-related MG. Presenting symptoms, treatments and
outcomes were abstracted from retrospective chart review.

Results: We identified 16 patients (9 thoracic malignancies,
7 other tumor sites) who were diagnosed with MG after one
or more cycles of ICI. Eleven had overlapping myositis. The
median time from the first ICI treatment to the onset of
symptoms was 49 days (range 17–361). All patients
received steroids (prednisone 1–2 mg/kg); six required
other immunosuppressive agents, and five underwent
plasma exchange. Only two patients had complete resolu-
tion, eight improved with residual symptoms, two experi-
enced initial improvement followed by deterioration, and
four worsened despite treatment. Six patients died as a
result of myasthenia-related complications (38%), three
from progressive cancer (19%) and seven remain alive at
the time of review (44%).

Conclusion: ICI-related MG is a rare and potentially fatal
adverse event. Diagnosis and management remain a chal-
lenge, especially with negative serological markers and in
the presence of overlapping syndromes with high mortality
rates. Prompt recognition and multimodality treatment are
key. Clinicians should have a low threshold for diagnosis
and early management.

� 2024 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Myasthenia gravis; Immune checkpoint in-
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Introduction
Immune checkpoint inhibitors (ICIs) have become

standard of care in the treatment of several solid organ
malignancies, including both SCLC and NSCLC cancers
and malignant melanoma, where they have improved
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patient survival and long-term outcomes significantly. In
the advanced setting, ICI has improved melanoma 5-year
survival to 52% with median survival of greater than 60
months, and NSCLC 5-year survival to 19.4% versus
11.3%, with median survival of 21.8 months versus 12.1
months.1,2 Survival benefits are durable in resected
melanoma with ongoing benefit of almost 10% differ-
ence at 7 years follow-up with adjuvant ipilimumab and
17 % difference at 5-years with adjuvant pem-
brolizumab.3,4 In both the adjuvant and neo-adjuvant
setting in NSCLC, ICI use also has resulted in a signifi-
cant survival advantage.5,6 Due to their unique mecha-
nism of action, ICIs can cause several immune-related
toxicities, most commonly affecting the gastrointestinal
tract, skin, liver and endocrine glands.7 Rarely, neuro-
logic adverse effects are seen with an estimate of 1% to
5% of patients, but may be as high 12% with combina-
tion ICIs, particularly CTLA4 inhibitors which are used
more frequently in melanoma.7–10 Myasthenia gravis
(MG), encephalitis and peripheral neuropathy are among
the most common, and frequently are associated with
myositis and less frequently myocarditis.8–10

MG post-immunotherapy is associated with high
morbidity and mortality.9–12 It can occur as an exacer-
bation of pre-existing MG or de novo. The clinical picture
typically is characterized by progressive weakness
affecting the extra-ocular, bulbar and limb muscles, and
when diaphragmatic muscles are involved, may progress
to respiratory failure in 20% to 50% of reported cases.9–13

MG is commonly seen in association with immune-
mediated myositis in approximately 30% of cases or
myocarditis in 8% of the cases, and is referred to as
MG-myositis or MG-myocarditis overlap syndromes
respectively.9–12,14 This overlap syndrome is especially
challenging and life-threatening.9–14

We present here our single-centre experience from
the University Health Network and Princess Margaret
Cancer Centre of patients with malignancies who
developed MG in the setting of treatment with ICIs.
Methods
This was a single-centre retrospective analysis. Pa-

tients who had been treated with at least one cycle of a
checkpoint inhibitor and subsequently were diagnosed
with myasthenia were identified by oncology and
neurology physicians involved in their care. Retrospec-
tive chart review was performed to collect relevant
clinical information, including baseline patient de-
mographics, tumour histology, systemic therapy received
including chemotherapy, PD-1, PDL-1 or CTLA-4 inhibitor
therapy, confirmatory diagnostic tests for myasthenia,
treatment and outcomes. The study was approved by the
Research Ethics Board of the Princess Margaret Cancer
Centre. Written informed consent was waived as this was
a retrospective chart review study.

Diagnosis of MG was considered definite if acetyl-
choline receptor (AChR) antibodies or muscle-specific
tyrosine kinase antibodies were present and/or the re-
sults of electromyography (EMG) studies (including re-
petitive nerve stimulation and single fibre EMG) were
consistent with the diagnosis. The diagnosis was
considered highly probable if the diagnosis of MG was
based on a high clinical suspicion of the treating
neurologist. Diagnosis of myositis was considered when
there was also elevation of creatine phosphokinase or
suggested by EMG studies.

Results
Patient Demographics

Between July, 2017 and April, 2024, 16 patients were
identified, nine with thoracic malignancies, and seven
from other sites (Table 1). Eleven patients also had
myositis/ myocarditis syndrome; Six of those had con-
current ICI-induced hepatitis. Only one patient with
melanoma had a pre-existing diagnosis of MG before
starting immunotherapy. At the time of diagnosis of MG,
50% were receiving PD-1 or PDL-1 inhibitors alone;
three patients received a combination of PD-1 or PDL-1
with CTLA4 inhibitors; two received PD1 or PD-L1 in-
hibitors with tyrosine kinase inhibitors, one received a
PD1 inhibitor with a TIM3 inhibitor; only two received
PD1 or PD-L1 in combination with chemotherapy. The
median time from the first ICI treatment to the onset of
symptoms was 49 days (range 17-361). The median
number of cycles of ICI received prior to diagnosis was
2.5 cycles (range 1-12). The most common presentations
were bulbar, and ocular involvement at 88% and 72%,
respectively; Four patients developed respiratory failure
and required ventilation support. Among 11 of 16 pa-
tients tested, positive AChR antibodies were seen in only
one case while 10 were negative. Electromyography
(EMG) was performed in only 11 patients; nine tests
were diagnostic of MG (56%). Six cases of MG were
diagnosed as highly probable as the diagnosis was clin-
ical, and based on high clinical suspicion with either
negative or unevaluable antibodies or EMG.

Treatment and outcomes
All patients received steroids at a dose of oral pred-

nisone 1-2mg/kg or equivalent; five patients received
pulse steroid of 1 gram solumedrol intravenously (Table
2). Four patients received steroid only. Only three pa-
tients responded to steroids alone, and one died before
other treatments could be given. Eleven patients
received intravenous immunoglobulin (IVIG); five patients
underwent plasma exchange (PLEX). Additional immune-



Table 1. Clinical Characteristics, Diagnostic Findings

Baseline Demographics
Myositis/Myocarditis
(n ¼ 11)

Hepatitis
(n ¼ 6)

All
(N ¼ 16)

Median age in y, (range) 73 (57-81) 73 (57-81) 71 (57-86)
Sex
Male 6 4 7
Female 5 2 9

Malignancy
NSCLC 6 3 5
SCLC 2 1 2
Mesothelioma 2 1 2
Melanoma 0 0 3
Othera 1 1 4

Immunotherapy treatment
PD1/PDL1 alone 5 2 8
PD1/PDL1þCTLA4 2 1 3
PD1/PDL1þchemotherapy 2 1 2
PD1/PDL1 þ othersb 2 2 3

Number of immunotherapy cycles
1 3 3 3
2 4 3 5
�3 4 0 8

Time from IO to symptoms (d) 47 (17–97) 26 (17–49) 49 (17–361)
Clinical presentation
Bulbar 9 5 14
Ocular 9 6 13
Limb weakness 2 2 6
Dyspnea 4 2 4

Diagnosis
Clinical only 5 3 6
Antibodies 1 positive

8 negative
2 unknown

1 positive
5 negatives

1 positive
10 negatives
5 unknown

EMG 5 positive
2 negative
4 not performed

2 positive EMG
1 negative
3 not performed

9 positive
2 negative
5 not performed

aHead and neck, chordoma, thymoma, endometrium, one case each.
bTIM3 antibody, cabozantinib; niraparib, one patient each.
EMG, electromyography; IO, immunotherapy.
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suppressants used in six patients included mycopheno-
late mofetil in three patients and infliximab, rituximab,
and abatacept as part of a clinical trial for ICI-myositis in
one patient each.

Only two patients had complete clinical resolution
and were able to discontinue steroid therapy; eight pa-
tients improved with residual symptoms and were able
to taper steroids; four continued to worsen despite
treatment. Six patients died as a result of myasthenia-
related complications (38%), three patients died from
progressive cancer (19%) and seven patients are still
alive at the time of review (44%). Among the 11 patients
with myositis/myocarditis overlap syndrome, five were
alive at the time of the review while only 3 were alive
among those with concurrent ICI-hepatitis.

With respect to best tumor response and cancer-
specific survival outcomes, one patient achieved com-
plete remission, seven partial remission; four stable
disease while the remaining four experienced progres-
sive disease.

Discussion
ICIs now are used routinely in patients across many

types of malignancies. PD-1/PD-L1 inhibitors are the
most commonly used, either as monotherapy or in
combination with other agents in the advanced, and
more recently the neoadjuvant and adjuvant potentially
curative settings.15 ICI-related neurologic complications
including MG are rare and often difficult to recognize at
presentation as symptoms are non-specific such as
generalized weakness and fatigue. These often are
attributed incorrectly to the advanced cancer, which may
lead to delayed diagnosis and initiation of treat-
ment.9,10,12 Among our patients, six (38%) gave a history
of increasing weakness or fatigue before more specific
neurologic symptoms and signs emerged.



Table 2. Treatment and outcomes

Treatment & Outcomes
Myositis/Myocarditis
(n ¼ 11)

Hepatitis
(n ¼ 6)a

All
(N ¼ 16)

Treatment
Steroids 11 6 16
Acetylcholine inhibitors 6 3 10
Intravenous immune globulin 7 4 11
Plasma exchange 2 1 5

Additional immunosuppressant
Mycophenolate 1 1 3
Rituximab 0 0 1
Infliximab 1 1 1
Abataceptb 1 1 1
Ventilation support 4 2 4

Myasthenia Gravis outcomes
Complete resolution 1 1 2
Improved 6 3 8
Improved with subsequent relapse 1 1 2
Deteriorated 3 1 4
Death from myasthenia 4 2 6

Tumor outcomes
CR 0 0 1
PR 5 2 7
SD 3 3 4
PD 3 1 4

Median survival in mo from diagnosis of myasthenia (range) 4.3 (0.9–15.5) 2.3 (0.9–15.5) 6.3 (0.9–18.5)
aSix of the patients with overlapping myositis/myocarditis syndrome had concurrent ICI-hepatitis.
bAbatacept was given as part of a trial for immune-induced myositis.
CR, complete response; ICI, immune checkpoint inhibitor; PD, progressive disease; PR, partial response; SD, stable disease.
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Because of the early uptake of ICI treatment in thoracic
malignancies and malignant melanoma, more than half of
our patients had thoracic cancers (56%). Eleven patients
(69%) had received either PD-1/PD-L1 inhibitors alone or
in combination with CTLA4 in the melanoma cases. The
median onset of symptoms in our series was 7 weeks,
which is slightly longer than the 4 weeks (range 6 days –
16 weeks) reported in the literature.9–13

Specific symptoms which lead to a diagnosis may
include ptosis, diplopia, dysphagia, dysarthria and dys-
pnea.9–11,13 Indeed, 14 of our 16 patients had bulbar and
ocular symptoms at presentation. Symptoms may prog-
ress rapidly with decompensation to a myasthenic crisis
requiring respiratory support and mechanical ventila-
tion in 40 to 50% of the cases.9–11 In lung cancer pa-
tients, worsening pulmonary symptoms may be
attributed to advancing cancer leading to delayed diag-
nosis. In this population, if computed tomographic scans
do not suggest either a malignant or thrombotic cause
for worsening symptoms, MG must be considered and
investigated urgently. Delayed diagnosis may lead to
rapid progression and respiratory failure requiring
intubation and mechanical ventilation with ventilation
rates as high as 40-50% reported in some series.9–13

AChR and muscle-specific tyrosine kinase antibodies
have been reported to be negative in one-third of
patients.9–12 Furthermore, the characteristic electromy-
ography (EMG) pattern with decrement of muscle action
potential with repetitive nerve stimulation which is used
to diagnose neuromuscular junction transmission defect
is found in less than half of the patients.9,11,12 Sensitivity
of diagnosis can be improved if single fibre EMG is also
used; however, this may be difficult to access or perform,
particularly during acute MG crisis.

ICI-related MG frequently presents with other ICI-
related adverse events, commonly with myositis and/
or myocarditis with several reports describing myalgia
and/or elevated creatinine phoskinase without a formal
diagnosis of myositis.9 Another common association is
ICI-hepatitis.12 In our series, 11 of our patients devel-
oped MG-myositis or MG-myocarditis overlap syndromes
and six of those had an overlapping ICI-hepatitis. It is
noteworthy that these rates are higher than what is re-
ported in the literature, where the estimated prevalence
is 8% and 30% respectively.9–11 Overlapping ICI-
hepatitis observed in 9% and up to 45% to 50% in
smaller series.11–13

Hospitalization and corticosteroids generally are
used for the initial management with close observation.
Steroid at a dose of 1 to 2 mg/kg is recommended and
often IVIG and/or plasma exchange is used.7,9–13 Ste-
roids alone might not be adequate considering that these
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drugs may take several weeks to show clinical response.
Furthermore, in idiopathic MG, the use of very high dose
steroids can cause acute transient exacerbation of
symptoms.16,17 Safa et al.,11 suggest better outcomes for
patients who received IVIG or PLEX as first-line treat-
ment compared to those who received steroids alone
(95% versus 63% improvement of MG symptoms). In
addition, the use of adjunctive steroid-sparing agents has
been reported such as mycophenolate mophetil, azathi-
oprine, infliximab or rituximab.11,13,18 However, these
agents also may have a prolonged onset of action.

Complete resolution is rare9; Safa et al.,11 reported
the largest analysis of 65 patients with ICI-MG; 19% had
complete resolution, 55% had improvement while 26%
experienced deterioration and death reported in 37%.
ICI-MG is associated with high mortality estimated at
approximately 20-28%.11,18,19 Mortality is notably higher
if associated IG-myocarditis is present.11,14,15

All of our patients required hospitalization and
received IV steroids; 11 patients (69%) received IVIG;
5 underwent plasma exchange; 63% had acetylcholin-
esterase inhibitors as part of their treatment. Addi-
tional immunosuppressants were required in six
patients (38%); mycophenolate in three and rituximab
and infliximab for one each. We observed only two
cases with complete resolution after pulse high dose
steroid and early initiation of mycophenolate mophetil.
They were the only patients who were able to discon-
tinue steroids. Eight improved with residual symp-
toms, two experienced initial improvement followed by
deterioration, and four worsened despite treatment.
Death from ICI-MG was reported in six patients (38%)
with a median overall survival rate of 6.3 months
(range 1–18.5 mo). The mortality rate is higher than
that reported in the literature perhaps because our
series has more MG-myositis or myocarditis overlap
syndrome; Among the 11 patients with myositis/
myocarditis overlap syndrome, six patients died with a
median survival of 4.3 months. Of note 3 patients died
of progressive cancer, while four died with isolated
ICI-MG without evidence of cancer progression. Among
the 9 patients with thoracic malignancies, only 4 died
with a median survival of 1.8 months (range 0.9–6.6
months).
Conclusions
While limited by a relatively small number and

retrospective nature, this study confirms the diag-
nostic challenges, high morbidity and mortality as-
sociated with immunotherapy-induced MG, and
emphasizes the need for clinicians to recognize it early
in order to initiate appropriate and timely multi-
modality treatment which is critical to reduce the
high mortality rate associated with this rare compli-
cation of immunotherapy.
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