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Abstract

Purpose of Review Immune checkpoint inhibition for treatment of metastatic cancers is
recognized to cause diverse immune-mediated neurological syndromes. This review will
discuss current knowledge about the frequency and varied presentation of these syn-
dromes affecting the peripheral nervous system as well as detail important diagnostic and
management considerations.
Recent Findings Immune-related adverse events affect the peripheral nervous system
more often than the central nervous system, and rates are likely underestimated.
Most data regarding neurological immune–related adverse events are retrospec-
tive, and prospective studies are needed. These immune-mediated peripheral
nervous system syndromes can be severe and contribute to mortality. Discontin-
uation of ICI therapy combined with aggressive medical management can improve
outcomes. Data to inform evidence-based treatment approaches, particularly in
moderate to severe events, are needed.
Summary It is important to recognize the association between immune-mediated periph-
eral nervous system syndromes and immune checkpoint therapy. These syndromes can be
phenotypically diverse, but conditions such as acquired demyelinating neuropathy, myo-
sitis, and myasthenia gravis predominate. It is important for neurologists to recognize and
promptly diagnose these conditions and manage these patients in a multidisciplinary
setting to improve outcomes.
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Introduction

The beginnings of harnessing a patient’s immune
system to fight against cancer date back to the
1890s, when a young American surgeon named
William Coley investigated the effect of streptococ-
cal infection on sarcoma (reviewed in [1]). Coley
had read published reports describing the regres-
sion of inoperable sarcoma tumor as well as other
tumors in patients with erysipelas and other infec-
tions and subsequently experimented with injecting
first streptococci and later heat-inactivated strepto-
coccal and Serratia species (collectively known as
Coley’s toxins) for the treatment of inoperable sar-
coma. Although he described significant clinical
responses, interest in his work faded given incon-
sistent reporting methodology, poor follow up, and
concern regarding reproducibility of his reports
combined with the advent of radiation and
chemotherapy.

Immune checkpoint inhibition has revolutionized
the treatment of cancer since the FDA approval of the
first immunotherapy drug ipilimumab for the treatment
of metastatic melanoma in 2011. Since that time there
has been dramatic development and expanding clinical
use of monoclonal antibodies, which enhance the func-
tion of anti-tumor T lymphocytes known as immune
checkpoint inhibitors (ICIs). ICIs have demonstrated
significant impact onmorbidity andmortality in various
metastatic tumors, though response rates are typically
less than 40% [2]. The remarkable impact of these ther-
apies in cancer care was reflected in James Allson and
Tasuko Honjo being recognized with the Nobel Prize in
Physiology andMedicine in 2018 for their foundational
work leading to the development of these novel drugs.
At the current time there exist three classes of immuno-
therapy drugs currently on market: programmed cell
death-1 (PD-1) inhibitors (including nivolumab,
pembrolizumab, and cemiplimab), programmed cell
death ligand-1 (PD-L1) inhibitors (including
atezolizumab, avelumab, and durvalumab), and the
cytotoxic T lymphocyte associated antigen 4 (CTLA-4)
inhibitor ipilimumab. These drugs may be given as
monotherapy or in combination. The 7 commercially
available ICIs in the USA as of 2020 and current indica-
tions for these drugs are listed in Table 1.

In general, ICIs are monoclonal antibodies, which
enhance endogenous anti-cancer activity by promoting
anti-tumor T cell activation and maintenance of anti-
tumor T cell effector function, enabling T cells to

recognize and attack tumor cells. Blocking down-
regulation of the immune response through treatment
with ICIs can result in manifestations of autoimmunity
affecting multiple organ systems, a consequence of
autoreactive T as well as B cell expansion. These emer-
gent autoimmune conditions following ICI therapy are
known as immune-related adverse events (ir-AEs).

A majority of ICI-treated patients experience
immune-related adverse events (ir-AEs), reportedly
more frequent associated with anti-CTLA-4 Ab
treatment (90%) compared with either anti-PD-1
or anti-PD-L1 therapies (70%) [3–5]. One pro-
posed explanation for these observed patterns, no-
tably the higher rates of ir-AEs with CTLA-4 inhib-
itors, is that CTLA-4 is involved in early T cell
activation and is expressed predominately in lym-
phoid tissues, whereas PD-1 and its ligand, PD-L1,
are involved in later stages of T cell regulation with
higher expression levels in peripheral tissues [6].
Perhaps not unexpected, combination therapy is
associated with more frequent ir-AEs than is mono-
therapy. Dermatologic and gastrointestinal adverse
events are particularly common, but not all may be
immune-related. The incidence of rash and pruritis
has been estimated in up to 40–60%, hepatitis in
5–10%, and diarrhea or colitis in 2–7% of treated
patients [7]. Other common ir-AEs include thyroid-
itis and pneumonitis, which have been more com-
mon with anti-PD1 therapies. Interestingly, despite
the associated morbidity of these immune-
mediated adverse events, the presence of ir-AEs
has been repeatedly demonstrated to be associated
with improved outcomes in regard to control of
the underlying malignancy [8–12].

Multiple neurological ir-AEs affecting either the cen-
tral or peripheral nervous system have been reported,
and sometimes overlapping neurological toxicities can
co-exist. While neurological ir-AEs comprise a relative
minority of overall ICI-related toxicities, these syn-
dromes can be severe and associated with mortality.
They may evolve rapidly and require expeditious work-
up to determine if the condition is related to cancer
progression, radiation toxicity, other chemotherapies,
infection, or other metabolic or nutritional derange-
ments. Neurologists need to recognize that these syn-
dromes typically present in an acute to subacutemanner
and that there is not one specific presentation but that
many neuroimmunologic syndromes can result from
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ICI therapy. Neuromuscular immune-related toxicities
appear to be more frequent than those affecting the
peripheral nervous system [13–15]. As the clinical use
of ICIs has expanded with an increasing array of indica-
tions for use, the frequency of neurological ir-AEs is
expected to increase. It is not clear at this time that
patients with pre-existing autoimmune diseases pre-
clude treatment with ICIs if they have a clinical indica-
tion to do so [16]. As such, it is important to recognize
and treat these syndromes to reduce morbidity and
mortality. It is also important to recognize what syn-
dromes do not preclude ongoing ICI therapy, as inmany
cases this represents salvage therapy for patients without
many treatment options. Most published literature de-
scribing phenotypes of various neurological syndromes
are limited to retrospective case reports, case series, and
systematic reviews. The overall purpose of this review is
to describe neuromuscular syndromes associated with
checkpoint inhibitor toxicity, describe common clinical
phenotypes documented in the literature, and discuss
proposed therapeutic approaches.

Neurological immune-related adverse events
Two systematic reviews including clinical trials and case
reports estimated that in clinical trials, neurological ir-
AEs of at least moderate severity comprise less than 1%
of overall ICI-related toxicities [17, 18]. In the study
reported by Cuzzubbo et al., the frequency of any neu-
rological ir-AE on ICI monotherapy was estimated to be
between 3 and 6%, increasing to 12% on combination
therapy [17]. Considering neurological AEs of any grade,
frequency of neurological events varied between 0 and
27% between clinical trials, highlighting variability
amongst studies [18]. Many low-grade neurological
complaints are nonspecific, such as fatigue, headache,
myalgia, and paresthesia. Comparison of neurological
ir-AE rates amongst clinical trials is difficult as thresholds
for reporting and definitions for severity differ across
studies. Additionally, classification of specific symptoms
(e.g., fatigue, myalgia, ocular, or musculoskeletal) varies
from clinical trial to clinical trial. Retrospective single
and multi-institution case series report neurological ir-
AE rates of between 2 and 3% [13, 15, 19]. Estimates of

Table 1. Immune complement inhibitors and current indications

Drug name Original FDA approval Indications
CTLA-4 inhibitors

Ipilimumab (Yervoy) 2011 Adjuvant therapy for melanoma
Metastatic melanoma

PD-L1 inhibitors

Atezolizumab (Tecentriq) 2016 Locally advanced/metastatic urothelial cancer
Metastatic NSCLC, triple negative breast cancer

Avelumab (Bavencio) 2017 Locally advanced/metastatic urothelial cancer
Merkel cell carcinoma

Durvalumab (Imfinzi) 2017 Locally advanced/metastatic urothelial cancer
Neoadjuvant/adjuvant therapy for stage III NSCLC

PD-1 inhibitors

Pembrolizumab (Keytruda) 2014 Metastatic melanoma
NSCLC

Nivolumab (Opdivo) 2014 Metastatic melanoma
Metastatic NSCLC
Locally advanced/metastatic urothelial cancer
Metastatic colorectal cancer
Renal cell carcinoma
Relapsed Hodgkin lymphoma

Cemiplimab (Libtayo) 2018 Cutaneous squamous cell carcinoma

NSCLC non-small cell lung cancer
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neurological ir-AEs vary considerably across studies
based on variability of case definitions in clinical trials
as well as reporting bias in case reports and retrospective
case series.

Most published literature describing phenotypes
of various neurological syndromes are limited to
retrospective case reports, case series, and systematic
reviews. Central nervous system ir-AEs include asep-
tic meningitis, hypophysitis, autoimmune encepha-
lopathy, and multiple sclerosis, amongst others. In
the peripheral nervous system acute demyelinating
polyneuropathy, painful sensorimotor axonal
polyneuropathy, mononeuritis multiplex, small fi-
ber neuropathy, dorsal root ganglionopathy, and
myasthenia gravis have been described. Neurologi-
cal ir-AEs are more commonly seen affecting the
peripheral nervous system [13, 14]. Neurological
signs and symptoms typically present within 6 weeks
of initiating ICI therapy, though onset has been
described as soon as after the first dose as well as
over a year since the commencement of therapy.

Polyneuropathy

Introductory case

A 73-year-old female with a history of right sinus
melanoma status post-extensive surgical resection
was found to have liver metastasis. She received one
cycle of nivolumab and within days developed neck
pain and left arm weakness associated with numbness
and burning dysesthetic pain in the hand and arm.
After approximately 2 weeks she developed right wrist
drop and dysesthetic pain in the right hand. A brain
MRI with and without contrast revealed post-surgical
changes with the interval development of an enhanc-
ing, diffusion restricting soft tissue nodule in the
la tera l aspect of the r ight maxi l la ry s inus .
Electrodiagnostic studies showed evidence for asym-
metric, upper extremity sensorimotor axonal
mononeuropathies as seen in mononeuritis multi-
plex. Laboratory studies revealed negative ANA IFA,
double-stranded DNA, and ANCA, and she showed
no evidence for hepatitis C infection. She was placed
on high-dose oral prednisone with plans for plasma
exchange or rituximab dependent on clinical course.
Pregabalin was commenced for neuropathic pain. Af-
ter 2 weeks the patient decided to pursue hospice
care.

Neuropathies

It has been estimated that neuropathies constitute ap-
proximately one-third of all ICI-related neuromuscular
ir-AEs [20]. Overall incidence of neuropathy has been
estimated at 0.7%, with variability amongst treatment
regiments: anti-PD1 or PD-L1 0.3%, anti-CLTA4 1.1%,
and combination therapy 1.6% [21•]. Immune-
mediated demyelinating neuropathies, such as
Guillain–Barre syndrome (GBS), have been reported to
comprise themost common neuropathy phenotype par-
ticularly in moderate-severe cases [22••]. Acute-onset
chronic inflammatory demyelinating polyneuropathy
(CIDP) has also been described but is uncommon [20,
23]. Also common is an acute painful axonal
polyneuropathy as well as varied cranial neuropathies
(including oculomotor palsies, trigeminal neuropathy,
trigeminal neuralgia, facial neuropathy, and sensorineu-
ral hearing loss), which are typically associated with
aseptic meningitis [21•, 24••]. Less common reported
neuropathic syndromes include mononeuritis multi-
plex, brachial plexopathy, and sensory neuronopathy
[25, 26].

The median time from initiation of ICI therapy to
neuropathy onset is reported to vary between 4 and
10 weeks [15, 21•, 22••]. Ir-AEs affecting other organ
systems, such as enterocolitis and pneumonitis, may be
noted in over half of patients presenting with neuropa-
thy, noting that neuropathy is the initial irAE [21•].
For the purposes of discussion, the more common neu-
ropathy phenotypes, GBS and painful axonal
polyneuropathy, will be considered though peripheral
nervous system vasculitis, as described in the case vi-
gnette is a rare but serious neurological ir-AE that will
also be discussed. We believe that electrodiagnostic eval-
uation is important in evaluation of patients with large
fiber neuropathy syndromes to define the localization
and underlying physiology of the disorder (e.g., axonal
or demyelinating). It should be noted that the timing of
the study is important, as studies performed early after
symptom onset (e.g., within 3 weeks) may not have
electrodiagnostic findings that have fully evolved to al-
low for precise localization and determination of sever-
ity in the setting of axonal loss.

In GBS the most common phenotype is an acquired
inflammatory demyelinating polyneuropathy, though
axonal variants as well as Miller–Fisher syndrome (trio
of opthalmoparesis, ataxia, and areflexia associated with
GQ1b Ab) have been reported. Spinal fluid may show
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typical features of albuminocytologic disassociation (el-
evated total protein with normal cell count) but it is not
uncommon (reported in up to half of the affected pa-
tients) to have a lymphocytic pleocytosis with up to 100
cells [20, 22••, 27]. We consider it important to include
cytology and remember to obtain a serumblood glucose
at the time of the lumbar puncture to evaluate for pos-
sible leptomeningeal spread of metastatic disease. GBS
is not associated with hypoglycorrhachia, and low CSF
glucose should prompt a reconsideration of a GBS diag-
nosis. Cases of polyradiculopathy have been reported,
and at this point it is unclear if these represent a mani-
festation of GBS or a radiculitis associated with
leptomeningeal inflammation as is the case with cranial
neuropathies [15, 24••]. In a recent review of published
case series and case reports, MRI has shown root en-
hancement in approximately a quarter of ir-AE GBS
patients [20]. There exists limited data regarding neuro-
pathology, but segmental demyelination and
perivascular inflammation have been reported [20]. Al-
though treatment considerations are to be discussed
later, it is important to recognize that management of
these patients includes treatment with high-dose corti-
costeroids as is recommended in treatment of ICI ir-AEs,
which contrasts with treatment recommendations for
idiopathic GBS wherein steroids are not recommended.
[23, 28].

The most prominent feature of ICI-related axonal
polyneuropathy (which may be sensory or sensorimo-
tor) is that of neuropathic pain. A retrospective review
has suggested that all patients with this neuropathy
phenotype have mild disease severity [29]. Cessation
of ICI therapy and analgesic therapy has been reported
to lead to satisfactory improvement in almost all affect-
ed patients [15].

Peripheral nervous system vasculitis is rare; however,
there are no clear estimates as to the frequency of vascu-
litis amongst ICI-treated patients as most information
regarding this clinical entity is relegated to case reports. A
systematic review of the literature identified 53 reported
cases of vasculitis, with data sufficient to confirm the
diagnosis in 20 cases [25]. Large vessel vasculitis (e.g.,
giant cell arteritis, aortitis) and vasculitis affecting either
the CNS or PNS were most common. Of the described
cases, isolated peripheral nervous system vasculitis was
observed in 15%. Conditions to be considered include
polyarteritis nodosa from hepatitis B infection, hepatitis
C-associated cryoglobulinemic vasculitis, and HIV as
well as other infectious vasculitis. The presence of
ANCA, MPO, or PR3 may indicate ANCA-associated

vasculitis, and patients should be followed for develop-
ment of systemic manifestations.

Neuromuscular junction disorders

Introductory case

A 66-year-old man with stage IV lung cancer on immu-
notherapy with pembrolizumab presented to an outside
hospital with 1 week of worsening ptosis, diplopia,
dysphagia and dyspnea. Upon admission he was found
to have significant respiratory compromise and was
intubated. Workup revealed positive AchR binding anti-
bodies (2.97 nmol/L, normal G 0.02) and normal CK.
He received two courses of IVIg and steroids at the OSH
without any improvement and needing now a tracheos-
tomy. He was transferred to Emory University Hospital.
On exam he had marked ptosis, ophthalmoparesis, and
proximal weakness. Here he received 5 courses of plas-
ma exchange and was started on Rituximab. He had
some mild improvement in limb strength and started
to be able to be weaned of the ventilator. He was
discharged to acute rehabilitation and Rituximab infu-
sions continued. Upon follow up, 2 weeks from dis-
charge, ptosis and diplopia had resolved; patient was
now using a trach collar and was starting to walk with
the use of a walker.

Myasthenia gravis

Myasthenia gravis is one of the most commonly report-
ed neuromuscular disorders associated with ICI therapy.
Incidence is not fully known and reports of incidence of
myasthenia gravis range from 0.12 to 0.2% [14, 30•,
31•].

ICI-associated myasthenia gravis can present as new
onset myasthenia gravis (ocular or generalized), myas-
thenia gravis crisis, worsening of known previously di-
agnosed myasthenia, or an overlap syndrome of myas-
thenia gravis associated with myositis and/or myocardi-
tis. Approximately two third of cases are de novo myas-
thenia gravis; the remainder had the preexisting condi-
tion [32]. While there is not clear evidence that pre-
existing autoimmune conditions preclude a treatment
trail with an ICI, in the setting of myasthenia we consid-
er prudent to have the myasthenia under good control
prior to the treatment trial, as somepatients have limited
treatment options for their cancer outside of ICI therapy.
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Both acetylcholine receptor antibody positive and sero-
negative cases have been reported; to date, there are no
reports of muscle-specific kinsase (MusK) antibody my-
asthenia gravis [33]. There are also no reports on
Lambert–Eaton myasthenic syndrome.

Most cases of myasthenia gravis published in the
literature are with the use of ipilimumab, nivolumab,
or pembrolizumab, given either as monotherapy or
combination therapy ICIs are administered as infusions
every 2 to 4 weeks, but this varies depending on toxicity
and indication. The mean time from treatment to onset
of symptoms is 5.8 weeks (± 4 weeks) [33], with a range
reported from 2 to 15 weeks [32]. The number of doses
of ICIs is, in average, 2.4 [32].

We have seen in our clinic and in our university
hospital de novomyasthenia (ocular, generalized, crisis)
and exacerbation of preexisting myasthenia. Most have
had a favorable outcome, but we have had at least two
fatal cases, one of which suffered severe coexistent car-
diomyopathy from myocarditis.

Introductory case

A 73-year-old male with a history of renal cell carcinoma
treated with nivolumab presented with fatigue, diplopia,
weakness, and myalgia within 10 days after starting
nivolumab. Brain MRI demonstrated a remote lacunar
infarct in the left frontal lobe but otherwise was
nonrevealing. He received intravenous methylpredniso-
lone for 2 days and was discharged on high-dose oral
prednisone for autoimmune hepatitis. Acetylcholine re-
ceptor antibodies were sent. Three days after discharge, he
was found to have persistently elevated transaminases
and was started onmycophenolate for autoimmune hep-
atitis. Electrodiagnostic studies with slow repetitive nerve
stimulation did not show an electrodecrement. Creatine
kinase was elevated (5001 unit/L; normal range 30–223),
and he was readmitted and started on methylpredniso-
lone in combination with intravenous immunoglobulin
(IVIg) due to concern for autoimmune myositis. After he
complained of chest pain and dyspnea, troponin found
to be elevated at 26.6 mg/mL. Echocardiogram demon-
strated 40% ejection fraction with basal inferior and an-
terior hypokinesis. Cardiac catherization revealed 80%
stenosis of the proximal LAD, and the patient received a
drug eluding stent given concern for cardiac ischemia.
IVIg was discontinued after one dose given risk of throm-
bosis. His dyspnea progressed, and the patient required
intubation and progressive weakness, while reflexes and

sensation remained intact. This was presumed to be sec-
ondary to myasthenic syndrome, and he began plasma
exchange, which was not tolerated due to hypotension.

Although he demonstrated some short-term clinical
improvement with regard to weakness, the course was
complicated by atrioventricular disassociation with bra-
dycardia and subsequent hemodynamic compromise,
requiring an ICD and pacemaker. Acetylcholine anti-
bodies resulted consistent with autoimmune myasthe-
nia gravis (acetylcholine receptor binding antibody
16.1 nmol/L (normal G 0.2) and acetylcholine receptor
modulating antibody 94%). Striational antibody testing
was elevated at 1:61,440. A myositis antibody panel and
HMG CoA reductase antibody were negative. He was
treated with rituximab; however, a complicated hospital
course ensued, and he ultimately succumbed to
multiorgan failure almost 3 months from his initial
presentation; overall, his clinical course and laboratory
markers suggested an ICI-related myasthenia-fulminant
myositis syndrome.

Inflammatory myopathy

Myalgia is a commonly identified symptom in individuals
receiving checkpoint inhibitors, occurringwith an estimat-
ed prevalence of 2–21% [34]. However, de novo inflam-
matory myopathies are far less frequent. A retrospective
study of 1293 patients whowere treatedwith a checkpoint
inhibitor identified 10 patients who developed myositis
(prevalence of 0.8%) [35]. Meanwhile, other studies in-
cluding patients who only received PD-1 inhibitor thera-
pies identified muscle disorders in 0.58 to 0.76% of pa-
tients [13, 31•]. The most common inflammatory myop-
athies triggered by checkpoint inhibitors include necrotiz-
ing autoimmune myositis, dermatomyositis, polymyosi-
tis, and granulomatous myositis [36•, 37].

Symptoms of myositis range from myalgias, weak-
ness typically in limb-girdle pattern, axial weakness
(most predominantly at cervical level with neck extensor
weakness), to ptosis, and oculomotor weakness with
diplopia [32, 38••]. As described in the neuromuscular
junction disorders section, and as our case demon-
strates, there is common overlap withmyasthenia gravis.
Suzuki et al. found in a series of 12 patients with myas-
thenia gravis that 4 had concomitant myositis. Symp-
toms of myositis tend to occur at the same time as
myasthenic symptoms [30•]. Conversely, Dubey et al.
identified 28 patients with grade III or IV neurologic
adverse events. Thirty-six percent (10 patients)
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developed myositis. Of those 10, half (5 patients) had a
myositis-myasthenia overlap syndrome [24••]. This
finding highlights the importance of considering repet-
itive nerve stimulation to evaluate for a disorder of
neuromuscular transmission even in the setting of ele-
vated CK and consideration of ordering Ach-R Abs in
patients with weakness that impairs function as there
may be more than one process driving the clinical
syndrome.

However, inflammatory myositis associated with
checkpoint inhibitors appears to have the unique ability
to involve ocular muscles, even in the absence of con-
comitant myasthenia gravis [31•]. This feature of ocular
involvement is otherwise not commonly seen in inflam-
matory and necrotizing myopathies occurring in pa-
tients without checkpoint inhibitor exposure and may
present a diagnostic conundrum in attempting to distin-
guish from myasthenia. Additionally, the heart is often
not spared, with one review identifying myocarditis in
16% out of 180 patients with myositis while another
study identified myocarditis in 40% (four patients) [35,
39]. We consider checking troponin, especially at base-
line and afterwards as clinically warranted, as well as a
transthoracic echocardiogram in patients presenting
with moderate–severe myopathic ir-AEs.

In a retrospective analysis of patients treated with
checkpoint inhibitors and who developed myositis
(n = 10) in tertiary centers in Paris, France, and Berlin,
Germany, from January 2015 to July 2017, Touat et al.
identified amedian onset ofmyositis from ICI initiation
of 25 days (range 5 to 87 days) [38••]. Similarly, the
World Health Organization Individual Case Safety Re-
port pharmacovigilance database identified a median
time to onset of symptoms after initiation of treatment
of 26 days in 180 patients with myositis [39]. In the
Touat et al. study, eight patients developed myositis
following the second round of infusion of immunother-
apy as monotherapy. In the remaining two patients,
both patients that developed myositis after the first in-
fusion were treated with combined immunotherapy
(nivolumab and ipilimumab) as opposed to monother-
apy. Similarly, a study by Dubey et al. found that com-
bination therapy with anti-PD1/PD-L therapy plus anti-
CTLA-4 is associated with a higher risk of neurologic
immune–related adverse events than in those receiving
anti-PD1/PD-L1 monotherapy [24••].

Laboratory testing tends to reveal elevation in crea-
tine kinase levels with range of 72 to 30,980 U/L and
mean value of 6126 [32]. Myositis antibodies tend to be
absent, although occasional reports of striational

antibodies may be elevated, and cases of positive anti-
MDA5 antibody and anti-SRP antibody are identified
[40]. In patients with myositis–myasthenia overlap syn-
dromes, anti-acetylcholine receptor and anti-striated
muscle antibodies have been reported, including our
case presented above [30•]. We feel it is reasonable to
monitor CK values especially early in the course, as there
may be confounding factors for weakness in patients
with malignancy (poor nutrition, asthenia, and overlap
syndromes such as myositis-myasthenia). In patients
who are clinically weak we routinely perform
electrodiagnostic studies to evaluate for irritable myop-
athy as well as for the presence of myasthenia. Evalua-
tion of respiratory function may be indicated for pa-
tients with moderate–severe muscle weakness.

Biopsy of affected muscle typically demonstrates fo-
cal endomysial inflammatory infiltrates, which consist
primarily of CD8-positive and CD68 positive cells, as
well as to a lesser extent CD4-positive cells [30•, 38••].
Macrophages, as identified with CD68 markers, are the
most abundant cells identified in intramuscular inflam-
matory exudate in granulomatous myositis. PD-1 ex-
pression identified on tumor-infiltrating macrophages
suggests that the pathophysiology of at least a subset of
the inflammatory myositis seen in patients receiving
checkpoint inhibitors may not be limited to T cells [32,
41]. As muscle biopsy is unlikely to change immediate
course of management (particularly in a patient with
weakness, elevated CK, and electrodiagnostic studies
showing irritable myopathy), we recommend prompt
initiation of treatment with consideration of biopsy only
if patient has progression despite appropriate therapy or
severe, refractory disease.

Current treatment
Treatment of emergent neuromuscular complications
associated with ICI therapy depends on the severity of
the condition, inherent risks of treatment, and comorbid
conditions. Management includes the choice of therapy
for the neuromuscular disorder itself and the decision
on whether to withhold ICIs or not. There is no stan-
dardized therapy andmost neurologists tailor their treat-
ment approach based on the severity of the complica-
tions with attention the condition’s impact on function.
Side effects are generally classified as grade 1 (asymp-
tomatic or mild), grade 2 (moderate, affecting ADLs),
and grades 3–4 (severe, life-threatening) [42]. Practice
recommendations and guidelines for management of ir-
AEs exist that we have found helpful for guiding the
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decision-making process [43–46]. Our general approach
to management of more common neuromuscular ir-AE
management is detailed in Table 2. Myasthenia gravis,
inflammatory myopathies, and acquired demyelinating
neuropathies are all generally considered serious events,
whereas paresthesias and small fiber sensory neuropa-
thies are considered mild events [36•].

For grade 1 neurological ir-AEs no treatment is rec-
ommended outside of symptomatic therapies (e.g., an-
algesics for neuropathic pain, pyridostigmine for myas-
thenia), and ICI treatment may be continued with care-
ful monitoring. For grade 2 events the ICIs should be
held and steroids are recommended as first line therapy
[42]. When symptoms improve to grade 1 or less, then

Table 2. Treatment recommendations

Neuromuscular
complication

Treatment

Small fiber neuropathy Analgesics
May continue immunotherapy

Polyneuropathy

Grade 1 Analgesic, consider holding immunotherapy

Grade 2 Analgesics
Oral prednisone 1 mg/kg, escalate to grade 3 treatment if no improvement or worsening
Hold immunotherapy, resume when grade 1

Grade 3 Analgesics
IVIG 2 g/kg or plasma exchange
IV methylprednisolone 1000 mg daily for 3–5 days
Discontinue immunotherapy

Myopathy

Grade 1 Consider holding immunotherapy

Grade 2 Oral prednisone 1 mg/kg, escalate to grade 3 treatment if no improvement or worsening
Hold immunotherapy, resume when grade 1

Grade 3 IVIG 2 g/kg or plasma exchange
IV methylprednisolone 1000 mg daily for 3–5 days
Discontinue immunotherapy
Consider rituximab 1000 mg on day 1 and 15 or 375 g/m2 weekly for a month and then reassess
need for redosing

Myasthenia gravis

Grade 1 Pyridostigmine 60 mg three times daily
Consider holding immunotherapy

Grade 2 Pyridostigmine 60 mg three times daily
Oral prednisone 1 mg/kg (slow titration to goal dose)
If no improvement, consider IVIG 2 g/kg
Hold immunotherapy, resume when grade 1

Grade 3 Pyridostigmine 60 mg three times daily
IVIG 2 g/kg or plasma exchange
IV methylprednisolone 1000 mg daily for 3–5 days (after IVIG or plasma exchange started)
Consider rituximab 1000 mg on day 1 and 15 or 375 g/m2 weekly for a month and then reassess
need for redosing
Discontinue immunotherapy
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considering resumption of ICI treatment can be
entertained, noting that the treating oncologist would
make the final decision. For grade 3 events most guide-
lines recommend discontinuation of ICI drugs and first
line therapy involves the use of rapid action treatments
such as corticosteroids (either 1 g/d IV solumedrol for 3–
5 days or oral prednisone 1 mg/kg), intravenous immu-
noglobulin (IVIG) 2 g/kg, or plasma exchange (PLEX)
5–7 exchanges [45]. Pyridostigmine should be initiated
at 60 mg three times daily for myasthenia and titrated as
needed with hyoscyamine for cholinergic side effects
(abdominal discomfort, diarrhea, cramping). It is im-
portant to note that steroids are indicated for the treat-
ment ICI-related GBS, frequently in combination with
either IVIG or PLEX. In moderate–severe myasthenia
gravis it is important to realize that high-dose steroids
can result in paradoxical clinical worsening, which usu-
ally occurs about 7–10 days after initiation of treatment,
and if high-dose steroids are given we typically also treat
with either IVIG or PLEX to safeguard against steroid-
associated worsening. In the outpatient setting, for my-
asthenia oral steroids are started at a dose of 10–20 mg
and titrated by 10 mg weekly to 40–60 mg daily. In our
experience, PLEX is favored over IVIG in myasthenia
gravis exacerbations or crisis as well as for the treatment
of more severe myopathies and neuropathies without
significant time constraints given that these more severe
cases are often hospitalized for treatment. We have used
IVIG in grade 2 myopathies or large fiber acquired de-
myelinating neuropathies that are more chronic in pro-
gression and that remain ambulatory. Specific manage-
ment will need to be individualized depending on the
severity and response to therapy and escalated or tapered
as deemed appropriate, and careful evaluation of respi-
ratory forces is important for moderate-severe GBS,

myasthenia, and myopathy. In the neuropathy case we
presented, steroids were given with the plan to use more
aggressive therapy depending on her response; the
myasthenia/myositis overlap case did not respond to
IVIG so PLEX and rituximab were given; unfortunately,
the myositis overlap case failed multiple treatment op-
tions. A multidisciplinary approach with a neurologist
with frequent neurological follow-up should guide ther-
apeutic decisions.

Initial immunomodulatory treatments may need to
be followed by long-term immunosuppression, which
will also be dependent on the severity of the condition
and response to first line therapies. Long-term immuno-
suppressants include azathioprine, mycophenolate mo-
fetil, rituximab, and methotrexate. Reports of the long
term natural history and response to treatment for these
neuromuscular complications are lacking, and our expe-
rience is to choose the long-term therapy as we would
for the same neuromuscular condition not caused by
ICIs [36•]. The National Comprehensive Cancer Net-
work guidelines suggest the use of rituximab in severe
myasthenia gravis [46].

The fate of ICI treatment depends on the severity of
the neurologic complication and the status of underly-
ing malignancy. In cases of mild events it may be possi-
ble to manage symptomatically and continue the im-
mune therapy uninterrupted or after holding one or two
doses to allow for stabilization of the symptoms. How-
ever, given the potential morbidity associated with se-
vere neurologic disease and subsequent exacerbation
following retrial of ICIs, frequently, the ICI is stopped
and other treatment options if available are sought. This
requires a multidisciplinary discussion and collabora-
tion between the neurologist, treating oncologist and
the patient.
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