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ABSTRACT: Immune checkpoint inhibitors (ICls) have revolutionized the treatment of multiple malignancies, especially in non-small cell lung
cancer (NSCLC). With the extensive application of ICls in clinical practice, clinicians have to manage their toxicities, which are often termed
immune-related adverse events (irAEs). Several ICls, such as nivolumab, pembrolizumab, atezolizumab, and durvalumab, have been approved
by the US Food and Drug Administration (FDA) to treat advanced NSCLC, accompanied by a broad spectrum of toxicity reactions. However,
ICls-associated neurological toxicities, regarding polyneuropathy, Bell palsy, encephalopathy, and myasthenia gravis, as uncommon emerging
toxicities have not been well recognized, present a challenge for clinicians to improve awareness of supervision, recognition, and management
before death from them. Herein, we have summarized the incidence, diagnosis, clinical manifestations, potential mechanisms, treatments, and
outcomes of ICls-related neurotoxicity and optimized the management approach for NSCLC patients. Prompt recognition and proper manage-
ment are indispensable to reduce the morbidity of these patients with immune-related neurological toxicities.
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Introduction

Lung cancer has been regarded as 1 of the most common cancers
with both high incidence and mortality worldwide.! Among them,
non-small cell lung cancer (NSCLC) comprises a high incidence
of more than 85%.2 However, nearly all patients treated with tradi-
tional chemotherapy and radiotherapy, and the molecular targeting
agents will display disease progression due to acquired resistance,
which is inevitable.3 Cancer immunotherapy, arising vigorously
after 2000, is a remedial modality that exploits the immune system
to recognize, target, and eliminate cancer cells.* Immune check-
point inhibitors (ICls), mainly composed of programmed cell
death protein 1 (PD-1), programmed cell death 1 ligand 1 (PD-
L1), and cytotoxic T-lymphocyte antigen-4 (CTL-4) monoclonal
antibodies (mAbs), have been proved effective toward numerous
malignancies over a hundred of clinical trials.” Four ICIs have been
approved by the US Food and Drug Administration (FDA) for
patients with NSCLC, composing nivolumab, pembrolizumab,
durvalumab, and ipilimumab.® Although clinical trials of ICls in
patients with NSCLC have indicated superior overall survival
(OS), median progression-free survival, and objective response rate
(ORR), immune-related adverse events (irAEs) are observed,
which may even be life-threatening.”

*KC and YW contributed equally to this review.

Immune-related adverse events caused by ICIs are related
to multiple organs and numerous systems. The most com-
mon irAEs documented from clinical trials include rash,
pruritis, thyroiditis, autoimmune hypophysitis, pneumonitis,
colitis, and hepatitis.® Moreover, some less common irAEs
have also been reported, including cardiotoxicity, ocular tox-
icity, and neurotoxicity.® Among all these adverse effects,
IClI-related neurological toxicities are rare, which may lead
to the permanent interruption of therapeutic regimen, treat-
ment of corticosteroids, exacerbation of cancers, or even
death. To date, as the case reports have documented various
ICI-related neurotoxicity in patients with NSCLC, a safety
profile of ICIs needs to be consummated, and the incidence
of neurotoxicity needs to be adequately assessed.” Our
review collected 20 case reports of ICI-related neurological
adverse events (NAEs) in patients with NSCLC and
recorded their NAE types, symptoms, treatments, and out-
comes (Table 1). Multiple accessory examinations are essen-
tial in the early identification of these toxicities and are
summarized (Table 2).

We select the 4 most common NAEs based on case
reports assembled and summarize their incidence, potential
mechanisms, diagnosis, treatment, and several notable ques-
tions of various types of ICI-related neurological toxicities,
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Figure 1. Time to onset of immune checkpoint inhibitor-associated NAEs. This figure is built based on type of NAEs. The time when immune checkpoint
inhibitor—related neurological toxicity occurred is recorded as a dot: yellow dots represent myasthenia gravis; green dots represent encephalitis; blue dots
represent Guillain-Barré syndrome; purple dot represents Lamber-Eaton syndrome; red dots represent other neurological adverse events. In 20 patients,

the occurrence time of 1 patient has not been mentioned. IrAEs indicates immune-related adverse events.

giving a comprehensive direction in both clinical and basal
experiments.

Incidence of NAEs

To date, due to the lower incidence of ICI-related NAEs,
data available on it in clinical trials of NSCLC are limited,
and most of these adverse effects are documented in case
reports. Although ICI-related NAEs are relatively rare,
approximately accounting for 1% to 3% of all irAEs in mono-
therapies, they may strongly affect the prognosis and even
lead to patients’death with cancers.3? Different groups of sta-
tistics confine the incidence of immune-related neurotoxicity
in ipilimumab-treated patients to 1% to 1.6%, and anti-PD-1
agents (nivolumab + pembrolizumab) to 3% to 3.29%.30-33
This rate can be much higher with combined ICIs, surpassing
10%. It has been estimated that within 9208 patients distrib-
uted in 59 trials, the incidence of ICI-related NAEs in com-
bined therapy (nivolumab + ipilimumab) is up to 12%.3
Researches based on NSCLC patients rarely document ICI-
related neurological effects. Based on the data available in a
multicenter analysis, we discover the incidence of nivolumab-
related neurological toxicities in 1.3% (3/230) and pembroli-
zumab in 0% (0/41).3°-37 In another retrospective research of
134 NSCLC patients, ICI-related neurological toxicities
have been associated with nivolumab.3® Neurological toxici-
ties only manifest as myasthenia gravis (MG), which happens
to only 1 patient, indicating an incidence of 0.7%.38 Besides,
a retrospective study with a large sample size of patients

with NSCLC only indicates a gross incidence of anti-PD-

1-related neuromuscular diseases, rheumatisms, fever, ano-
rexia, pancreatitis, and asthenia.’

The occurrence of neurological toxicities can happen in any
progress of applications of ICIs, which ranges widely from
soon after the first dose to a prolonged period after the cessa-
tion of drugs. The length of time to occurrence relies on the
medical history, categories of drug application, and applied
dosages of drugs. Based on a retrospective study in a tertiary-
care center, a vast majority of patients (89%) first run into ICI-
related neurological toxicities within 12 weeks.* According to
the case reports we summarize, most ICI-related neurological
toxicities occur 1 to 5weeks after the first dose of administra-
tion (Figure 1).10141617 However, some cases indicate a rela-
tively rare latter occurrence of neurological toxicities, surpassing
20weeks after the initiation of ICIs (Figure 1).1213 Late-
emerging irAEs have been noticed in long-term responders to
PD-1/PD-L1 checkpoint inhibitors.#! A systematic review
also reported that early and late ICI-related encephalitis were
possible.*? In addition, not all irAEs will disappear when anti-
tumor treatment is stopped; some late-irAEs could occur a year
after first application. Interestingly, a multicenter study identi-
fied that neurological late-irAEs are the only type of irAEs
which tends to occur late (>12months) rather than early
(<12 months) in melanoma and NSCLC patients. In this con-
dition, any suspicious symptoms occurring during medication
should be noticed even after a long time of drug withdraw.*143
Wide ranges of time in neurological toxicity initiation possibly
augment clinicians’ difficulties in detecting and diagnosing

ICI-related NAEs.
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Potential Mechanisms of irAEs

Although the development of immunotherapy thrives, the
mechanisms of irAEs remain unclear. According to the exist-
ing knowledge, the fundamental principles are an imbalance
between autoimmunity and immune tolerance, together with
an uncontrolled infiltration of inflammatory T cells, produc-
tion of autoimmune antibodies, and the assembly of cytokines.**

Immune checkpoints are molecules expressed on the sur-
face of cells, acting as immune regulators to maintain immune
tolerance and limit autoimmunity. PD-1 and cytotoxic T lym-
phocyte-associated antigen (CTLA-4) are 2 of the most sig-
nificant receptors that existed on the surface of cytotoxic T
cells, binding their ligands of PD-L1/L2 and CD80/86,
reducing Akt activation, thus inhibiting the cytokine and pro-
tein synthesis, glucose uptake, prohibiting T-cell activation
and proliferation.*»* It has been proved that blockade of
PD-1 and CTLA-4 pathways influences the induction of tol-
erance of peripheral CD4" T cell, disrupting the homeostasis
of peripheral tolerance.*0#

The specific mechanisms of ICI-related NAEs remain
unknown. However, the existence of autoantibodies detected in
the serum of patients with ICI-related NAEs provides a poten-
tial assumption. Most antigens to autoantibodies detected in
the serum of patients with autoimmune neurological toxicities
could be identified in nearly all tumor cells called cross-presen-
tation of onconeural antigens.’® Researchers have identified
various common antigens expressed in tumor cells and neurons
in patients with paraneoplastic neurological syndromes.>!-
The ligand of anti-Hu (ANNA-1) is expressed on the nucleus
of all neurons and tumor cells of patients with neurological
syndromes in prostate cancer, NSCLC, and neuroblastoma.>5-5
Similarly, genes coding for P/Q_type voltage-gated calcium
channel (VGCC) has been identified, which express both on
the presynaptic membrane and cells of lung carcinomas after
the treatment of ICls.> With the application of ICIs, hyperac-
tivation of the immune system leads to the attack of autoanti-
bodies to self-antigen expressed inside or on the surface of
neurons, disrupting linkage between neuromuscular transmis-
sion, influencing normal neuronal functions.’%8

In addition to the autoimmune attack to cross-presenta-
tion onconeural antigens, it is noteworthy that PD-1 and its
ligands are not only expressed on hematopoietic cells but also
on a vast majority of cell lines, including pancreatic islet cells,
epithelial cells, reticular cells, vascular endothelial cells, and
neurons.>*% It is considering about nervous system, targets of
ICI distributed in distinct densities in different anatomical
regions. Researches point out that PD-1 is transcribed across
the central nervous system, especially the basal ganglia and
cortex.0h02 However, CTLA-4 is mostly expressed in the spi-
nal cord and brainstem.®? In this condition, the “off-target”
effects of PD-1/PD-L1 and CTLA-4 mAbs could be
understood.

Despite the cross-presentations of onconeural antigens,

another theory called “epitope spreading” (ES) appears on the

scene.%® In the process of tissue dissociation when applying
ICIs, tumor cells, together with disrupted nontumor antigens,
will release secondary antigens, evoking an expanded immune
response. Unlike the primary response, secondary antigens are
delivered by antigen-presenting cells near the dissolved tissue,
prime T and B cells, and mediating autoimmune response.
This potential theory has been mentioned in the applications
of CTLA-4 and PD-1/PD-L1 blockade. However, the speci-
ficity of it to the nervous system needs to be further
explored.63-65

Categories of ICIs-Related Neurological Toxicities
Immune checkpoint inhibitor-related neurological toxicities
have various manifestations, which affect the central nervous
system or peripheral nervous system. It is estimated that the
peripheral nervous system is often affected twice as the central
nervous system.®® The manifestations of ICI-related NAEs in
the central nervous system include cerebellitis,®” meningitis,
encephalitis,® posterior reversible encephalopathy syndrome
(PRES),® transverse myelitis,”® cerebral vasculitis,'® and mul-
tiple sclerosis.”! In the peripheral nervous system, chronic
immune demyelinating polyneuropathy (acute inflammatory
demyelinating polyneuropathy [AIDP]),”? facial nerve pal-
sies,” Guillain-Barré syndrome (GBS), Tolosa-Hunt syn-
drome,?? MG, and Lambert-Eaton myasthenic syndrome
(LEMS)39 could also be observed.

Encephalitis

Encephalitis is a neurological inflammatory disorder induced by
various possible reasons with complex diagnoses.®® Immune
checkpoint inhibitor-related encephalitis can occur during any
drug administration cycle, and it is estimated to account for
0.1% to 1% of all irAEs in patients with PD-1/PD-L1 mono-
therapy.!3 Patients with IClI-related encephalitis often have a
fever, headache, fatigue, working memory loss, altered mental
status (consciousness or personality), psychiatric symptoms, and
stiff neck.* It has been documented in 2 cases that encephalitis
occurred within 1week after the first dose of ICI in patients
with metastatic NSCLC, and melanoma.” In NSCLC, initial
symptoms appear in a 74-year-old man within 1week, while in
another 78-year-old man, 12 days after the 14th application of
nivolumab, he suffers tonic convulsion of his right hand and
becomes apathy and aphasia.!®¥ In this situation, diagnosis
should be made as soon as possible. Doctors should first evalu-
ate the Glasgow Coma Scale score and perform a physical
examination to assess the patient’s state of consciousness as well
as the existence of pathological reflexes.’® Magnetic resonance
imaging (MRI) of the brain could suggest encephalitis features,
which appear as the hyperintense focus on T2 fluid-attenuated
inversion recovery confined to unilateral or bilateral medial
temporal lobes or scattered to gray or white matter. Indications
of electrocardiograph (ECG) are nonspecific, which adjusts to
an electroencephalograph (EEG) as well. The EEG rarely

shows specific manifestations. Most are unspecific moderate
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Figure 2. Summarized a variety of diagnostic results in published case reports. Diagnostic approaches include EEG/EMG/SFEMG, NCS, RNS, image
examinations, serological autoantibodies, CK, ALT/AST, and CSF. White blocks mean this examination has not been mentioned in case reports; green

blocks represent negative results; red blocks represent positive results. ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; CK,
creatine kinase; CSF, cerebrospinal fluid; EEG, electroencephalograph; EMG, electromyograph; ICl, immune checkpoint inhibitor; NAEs, neurological

adverse events; NCS, nerve conduction study; RNS, repetitive nerve stimulation; SFEMG, single-fiber electromyography.

background slowing and focal delta slowing. However, its sensi-
tivity is relatively high in the case reports we collected (Figure
2). Rescarch claims that only anti-N-methyl D-aspartate
(NMDA) receptor encephalitis has a specific extreme delta
brush, which helps diagnose.” Adjuvant investigations should
be done to exclude diseases that mimic the symptoms, including
detailed medical history, laboratory analysis of blood and cere-
brospinal fluid (CSF), complete physical and neurological
examination, MRI including diffusion-weighted imaging
(DWI), and serological autoantibodies.”* The most common
differential diagnosis of autoimmune encephalitis is herpes sim-
plex virus (HSV') encephalitis. What is difficult for differentiat-
ing is the polymerase chain reaction (PCR) result of HSV in
CSF may be harmful when it is done too early. A repetitive test
should be done until the disease is ascertained.”® Considering
treatments, if the patient is suspected epileptic or in the postic-
tal state, antiepileptic drugs (levetiracetam, midazolam, lamo-
trigine) should be administrated.!3 Steroidal treatment indicates
its effectiveness in ICI-related encephalitis. Corticosteroids, for
instance, methylprednisolone, can be administered intrave-
nously or orally according to the severity of symptoms. Anti-
infectious treatment should be preventively used.

Myasthenia Gravis

Immune checkpoint inhibitor—related MG is a postsynaptic
disorder in neuromuscular junctions, which shares its idio-
pathic modality.”” It is reported to be the most common neuro-
muscular disorder in PD-1 inhibitor-related NAEs.”® Based
on the data collected from case reports and retrospective clini-
cal databases, nivolumab-induced MG occupies 21%, whereas
pembrolizumab accounts for 33% in patients with all kinds of
neuromuscular disorders.”” The MG onset occurs early after
the administration of ICIs in patients with NSCLC, mostly

following the first to third cycles.?° Based on the 6 case reports
we summarized in NSCLC, all the patients develop their
symptoms within 8weeks (4 cycles). Among which, 66.7%
(4/6) patients suffer symptoms within 4weeks.18-20.2223.25 The
ICI-related MG could affect muscles throughout the whole
body. Ocular, bulbar, facial, respiratory muscles, and working
muscles of limb and neck are most frequently aftected.8%81
Clinical manifestations always cover fatigue, blurry visions,
bilateral ptosis, diplopia, nasal speech, dysphagia, dysarthria,
mild/severe dyspnea, and weakness of limbs.8? Thorough
workups are necessary for the diagnosis of MG. Neurological
examination is the fundamental workup that should be done
first, including Jolly, Icepack, and Tensilon. Doctors could ver-
ify the weakness of specific muscle groups and can further clas-
sify the strength them.” Low-frequency repetitive nerve
stimulation (RNS) is the most common electrophysiological
examination conducted in neuromuscular-transmitted disease.
Aberrant RNS displays a decrement or decrease in compound
muscle action potential (CMAP) amplitude in generalized
MG, the detection rate of which is 75%.83 However, in 6 ICI-
related MG patients with NSCLC, 5 are negative, indicating a
relatively low sensitivity'8-20232> (Figure 2). Nerve conduction
study (NCS) could also assist in diagnosing, indicating the
denervation or degeneration in ICI-related patients with
NSCLC, but it is unremarkable on most occasions.?®?° Single-
fiber electromyography (SFEMG) over proper muscles may
indicate abnormal jitters in 95% to 99% of patients with MG,
similar to ICI-induced MG.1%23 However, the specificity of
abnormal jitters is relatively low, as it also appears in other mus-
cular or neural diseases.3*8 The sensitivity of serological stud-
ies in AchR antibodies is higher than RNS, approximately up
to 85% in generalized MG.% Under this circumstance, the
concentration of AchR antibody needs to be measured. The
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mean frequency of positive AchR antibody in collected patients
with NSCLC is 66.7%. Therefore, for suspicion patients, AchR
antibodies is worthy of being quantified!8-20:22232% (Figure 2).
However, in the early stage of MG (within 24 hours), it is dif-
ficult to detect AchR antibodies. Meanwhile, 15% of patients
are negative with that at any time. Among these patients, 40%
of them are positive in anti-muscle-specific tyrosine kinase
(MUSK) antibodies.®® Another serum biochemistry test, cre-
atine kinase (CK) chemistry examination, always indicates an
abnormal CK, overwhelming several times of upper limit in
ICI-induced patients with NSCLC.20-2>

The prior treatment to ICI-induced MG is withdrawing or
lowering the dose of ICI, which should be individualized
according to its severity. After the cessation of ICI, patients
with MG will acquire great improvement.?* Under this circum-
stance, the cholinesterase inhibitors (pyridostigmine bromide),
a first-line therapy for MG, is recommended in 30 to 90mg 3
times a day.?>”7 It is noteworthy that overdose of pyridostig-
mine bromide prolongs depolarization and exacerbates muscu-
lar weakness, resulting in a cholinergic crisis. In addition,
corticosteroids are mostly adhibited and recommended in ICI-
related MG, which are applied with or after cholinesterase
inhibitors.1$192577 When the symptoms cannot be approxi-
mately controlled by monotherapy of pyridostigmine bromide,
1V prednisone (0.75-1.00mg/kg/d) could be tapered gradually
to oral steroids in patients with improved symptoms.?>
Patients with NSCLC who have severe ICI-related MG, plas-
mapheresis and IV immunoglobulin (IVIg) will relieve their
muscular weakness within a few days.8¢ Plasmapheresis could
rapidly decrease serological autoantibodies concentration while
IVIg could competitively bind to the Fc receptors. Most patients
with NSCLC could acquire partial relief or complete remission
after multiple treatments to ICI-related MG.192022.23.25

Guillain-Barré Syndrome

Guillain-Barré syndrome is an autoimmune-peripheral neu-
ropathy that manifests as extensive demyelinating of peripheral
nerves and nerve roots. It is reported as the third most common
PD-1-related neuromuscular disorder.”® According to the
Japanese Adverse Drug Event Report database (JADER),
patients with GBS/MFS (Miller-Fisher syndrome) account
for 0.1% of all ICI-related NAEs.?0 Another World Health
Organization pharmacovigilance database VigiBase reported
an incidence of 0.45% in combined ICI-related GBS during
2008 to 2018.91 However, the incidence of ICI-related GBS in
patients with NSCLC has not been reported alone. Compared
with MG, the onset time of ICI-related GBS is more variable,
ranging from 4weeks of ICI application to several months
after completing the treatment cycle.”? The most remarkable
symptoms of GBS are rapidly progressive limb weakness and
loss/decrease of tendon reflexes, which peak within 28 days.?3-%
Patients with ICI-related GBS in NSCLC usually suffer mild
sensory problems, containing paresthesia and numbness.?>%
The muscle weakness shows in symmetrical, arising from the

lower limbs to upper arms, as well as bulbar muscles.”’
Concomitant symptoms of muscular weakness are extensive
loss or decrease of deep tendon reflexes, especially the most
common tendon, biceps, and knee reflex, which are docu-
mented in 2 case reports with NSCLC.%*%¢ Cranial nerve defi-
cits, particularly facial paralysis, ophthalmoplegia, and bulbar
paralysis, can be observed.”® Patients with ICI-related GBS
may also strike from the autonomic dysfunction, which influ-
ences multiple systems.’® To diagnose ICI-related GBS, auxil-
iary examinations are required. Brain and spinal MRI in 2
patients we collected showed pathological features, indicating a
high sensitivity (Figure 2). Elevated protein levels combined
with normal cell counts are a hallmark of GBS. It is reported
that 64% of patients with GBS have an elevated protein level,
and the cell count of 85% is normal.” However, patients with
new-onset symptoms have a relatively low incidence of elevated
protein detection, increasing from 50% to approximately 90%
after 2weeks.” Clinically, the best-known subtypes of GBS are
AIDP and acute motor axonal neuropathy (AMAN), which
distinguish from each other by the existence of sensory signs.1%
The NCS is another necessary workup assisting the diagnosis
of GBS. The NCS of patients of AIDP subtypes may reveal
distal motor latency (DML), prolonged motor conduction
velocity (MCV), conduction blocks, and abnormal temporal
dispersion.1® The results of NCS of AMAN patients always
show no demyelinating features with the decreased amplitude
of distal CMAP.** According to the treatment, IVIg and plas-
mapheresis are proved efficient, which applies to ICI-related
GBS in patients with NSCLC according to the 2 case reports
we collected.”% The IVIg is usually given for 5days (0.4g/
kg/d).”® The normal regimen for plasma exchange is 5 sessions
over 2weeks, which is recommended to be applied within
4weeks since the onset of GBS.% Studies also indicate that the
combination of plasmapheresis and IVIg does not have a sig-
nificant difference compared with plasmapheresis alone.1%!
The efficacy of oral corticosteroids remains unclear, but the
synergistic effects of combined use of IVIg and IV methylpred-
nisolone cannot be excluded in patients.? In a case report of
pembrolizumab-related GBS with NSCLC, a combination of
IV methylprednisolone and IVIg is proved to be effective.”
Prognosis of ICI-related GBS in patients with NSCLC is dif-
ficult to assess due to the individual variation. Most patients
could get partial release within 2 to 4weeks after the cease of
disease progression. However, in some patients, diseases pro-
gress in a short period, resulting in death.9+-9

Lambert-Eaton Myasthenic Syndrome

Lambert-Eaton myasthenic syndrome is a presynaptic disorder
of neuromuscular junctions. It is reported that 50% to 60% of
LEMS occurs with malignancies, which appears as a paraneo-
plastic syndrome.’® Lambert-Eaton myasthenic syndrome is
induced by autoantibody against presynaptic P/Q-type VGCCs,
which hampers over 95% of functional receptors responsible for
signal transmission of neuromuscular junction.’® Due to the
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expression of mimic ectopic antigens in small cell lung cancer
(SCLC), LEMS is commonly observed in patients suffering
from it.10%10 However, ICI-related LEMS in patients with
NSCLC is only documented as a case report, and its incidence
has not been reported yet.!? Symptoms of ICI-related LEMS
mainly appear as limb weakness, areflexia/hyporeflexia of deep
tendons, and autonomic dysfunction.®® Imperceptible fatigue
could be the incipient symptom, followed by weakness of proxi-
mal legs, which is regarded as the first symptoms by 80% of
LEMS patients.’” Meanwhile, the weakness of arms may
appear soon after the weakness of proximal legs, which suggests
the principle of weakness spreading: from proximal, cranial
parts to distal, caudal parts.’%” Compared with MG, bulbar,
axial, and ocular muscle weakness is mild or even absent.108
However, the incipient symptoms of nivolumab-related LEMS
in a patient with NSCLC manifest as ptosis and photophobia.!?
As for autonomic dysfunction, xerostomia is the most common
one, which is always accompanied by a metallic taste.l%8
Constipation, dry eyes, and orthostatic hypotension may exist as
well.% Loss or decrease of deep tendon reflexes strengthens the
suspicion of LEMS.192 In addition to clinical symptoms, to
diagnose ICI-related LEMS in patients with NSCLC, anti-
body testing and electrodiagnostic studies need to be done for
certain. P/Q_type VGCC antibodies can be observed in nearly
all patients with lung cancer accompanied by LEMS.10%110
However, in the serum of patients with LEMS, P/Q_type
VGCC could be negative.!'! Similar symptoms could be
induced by other blockers of a presynaptic receptor, suggesting
that the seropositive P/Q_type VGCC is not the only diagnostic
criteria.'’? The most prominent EMG characteristics of LEMS
patients with NSCLC are called “post-exercise facilitation.”!13
Initially, EMG shows a low amplitude of resting CMAP, which
could be even lower after low-frequency (2-5Hz) RNS. A rap-
idly progressive increase of CMAP after a high-frequency RNS
(>10Hz) or a maximal muscle contraction is then
observed.12103114 Results of auxiliary examinations of the only 1
LEMS patient in NSCLC can be observed in the heat map
(Figure 2). Symptomatic treatment and immunomodulatory
therapy need to be applied to ICI-related LEMS patients with
NSCLC. The strategy of symptomatic treatment is to increase
the release of neurotransmitters. The most common agent is the
3,4-diaminopyridine (3,4-DAP), an inhibitor of presynaptic K*

channels.115

Blockade of presynaptic K* channels prolongs the
opening of VGCC, allowing the entry for more Ca?+, which
therefore increases the release of intracellular Ca?+ dependent-
Ach. Acetylcholinesterase inhibitor pyridostigmine is less com-
monly used in combination with 3,4-DAP.116 If the application
of 3,4-DAP could not achieve a preconceived effect, immu-
nomodulatory therapy needs to be added. It is reported that
combined application of azathioprine and prednisolone is more
effective than prednisolone alone.''” Application of azathio-
prine needs to start from 15mg/d to 30mg/d, to maximal
80mg/d to 100mg/d, divided into 3 to 4 times a day.*° In the

case report of nivolumab-related LEMS in a patient with
NSCLC, pyridostigmine’s initial application only slightly
relieves her wadding gait after the failure of oral prednisolone
and another acetylcholinesterase inhibitor ambenonium, 3,4-
DAP finally improves her manifestations.!? If the patient fails
to respond to all these management, IVIg or plasma exchange is
necessary, which shows relatively long-lasting improvements by
reducing the concentration of circulating autoantibodies.8

Other NAEs

In addition to the 4 relatively common ICI-related NAEs we
mentioned, several rare ICI-related NAEs have not been men-
tioned in retrospective or prospective studies, and all of them
are documented as case reports. Akathisia, necrotizing enceph-
alitis, cerebral vasculitis, PRES, and neuromyelitis optica spec-
trum disorders (NMOSDs) induced by nivolumab manifested
motor disturbance of cerebral dysfunction. Compulsive move-
ments, nausea, vomiting, dyspnea, and urinary retention were
also observed. In most instances, the application of steroids
slightly or apparently improved the symptoms. Sedative drugs,
antiepileptic treatments, IVIg, and plasmapheresis were applied
based on the manifestations.1014162427 One patient died with
no apparent response to 1VIg, antiepileptic treatments, and
corticosteroids.'* Trousseau syndrome induced by pembroli-
zumab indicated right homonymous hemianopia. The MRI
showed multiple cerebral infarcts because of brain metastasis.
The patient died from hemorrhagic infarction soon after the
second dose of pembrolizumab.?® Atezolizumab-induced cer-
ebella ataxia appeared with a progressive ataxic gait improved
by long-term prednisolone application.?” Another patient
treated with atezolizumab developed fatigue, diarrhea, ano-
rexia, and pain in bilateral upper limbs leading the cessation of
the application. She suddenly had visual loss a year later, which
was diagnosed with optic neuritis. She recovered after the ster-
oid pulse therapy and oral administration of prednisolone.?®
Results of all these patients’ accessory examinations are
recorded in the heat map, reflecting the positive and negative
rate of each workup in different NAEs (Figure 2). Consensus
guidelines have been published by the National Comprehensive
Cancer Network (NCCN) Panel; therefore, we summarize a
comprehensive diagnosis and treatment algorithm (Figure 3).

Notable Questions of Interest in Clinicians
Is the incidence of ICI-related NAEs higher in

cancer patients with brain metastasis?

Immune checkpoint inhibitors have been proved effective in
patients with various advanced malignancies. In previous clinical
trials, cancer patients received ICI with untreated brain metasta-
sis are mostly excluded from the penetration across blood-brain
barrier (BBB), historically poor prognosis, and potential side
effects to the nervous system.!” The incidence of ICI-related
NAEs in patients with brain metastasis has not been documented
as the lack of multicenter studies with large samples. However,
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according to a small sample study with 23 patients (18 with prior
local central nervous system [CNS] therapy) who suffer from
melanoma with untreated brain metastasis (<20mm), the inci-
dence of pembrolizumab-related ataxia and headache is 22% and
17%, respectively, which is higher in patients without brain
metastasis we mentioned above.?* Meanwhile, in the same study,
the incidence of headache in NSCLC patients with brain metas-
tasis is 22%, and that of dizziness is 11%.12! Nevertheless, the
increasing incidence of ICI-related NAEs in patients with brain
metastasis compared with patients without intracranial malig-
nancies could owe to the perilesional edema after the local sur-
gery or small sample size. It is noteworthy that all the
pembrolizumab-related NAEs in patients with brain metastasis
of NSCLC are of grade 1 to 2, suggesting a relatively safe profile
of ICI application in patients with brain metastasis.”?! In this
situation, we could only summarize the application of ICI in a
patient with primary lesion and brain metastasis is relatively safe
according to the rare occurrence of severe NAEs that are uncon-
trolled and lead to death.

Does application of ICIs exacerbate preexisting
autoimmune symptoms?

In consideration of the treatment of patients with preexisting
autoimmune disease, the application of ICI needs to be assessed
meticulously. Both MG and LEMS could appear after the appli-
cation of ICI, which may result from unmasking of dormant
diseases or appearance of de novo diseases. It is reported that the
application of PD-1/PD-L1 inhibitors exacerbates the symp-
toms of preexisting paraneoplastic syndrome in 50% (8/16) of
patients suffered from cancer.'% A study based on SEER data-
base identified patients with cutaneous melanoma combined
with preexisting autoimmune disease received significant higher
risk of irAEs in most organ systems.!??> A meta-analysis of 6
reports discovered that preexisting autoimmune disease is a risk
factor of irAE.123 All these data indicate that preexisting auto-
immune disease augments the effect of ICI-related NAEs.
Other autoimmune diseases, including myositis and myocarditis,
are much higher in nivolumab-induced MG than idiopathic
MG.124125 Meanwhile, facial muscle weakness, bulbar symp-
toms, and panting also appear more frequently in nivolumab-
related MG than idiopathic MG.12> Therefore, ICI also increases
the possibility of acquiring other types of autoimmune diseases
in cancer patients with preexisting autoimmune disease.
According to the case reports we collected in NSCLC, there are
no documentations of patients with preexisting autoimmune
diseases who receive the ICI treatment. Studies focusing on the
safety profile of ICI application to patients with preexisting
autoimmune diseases need to be conducted in this condition.

How to deal with patients with a relapse of NAEs?

In patients treated with ICI, a notable phenomenon of relapse
of ICI-related NAEs is observed. Studies indicate a higher

incidence of it with the application of CTLA-4 inhibitors or a
combined therapy than PD-1/PD-L1 monotherapy.*® This
rate is also higher in patients who have ICl-related NAEs
affected both the central and peripheral nervous system.*? It is
noteworthy that patients with relapse of NAE are not treated
with immunosuppressive therapy or only receive oral corticos-
teroids for a short period, which suggests an application of
immunosuppressants to all patients with severe ICI-induced
NAEs.® We observe a relapse of PRES in a patient with
NSCLC after a few weeks while the primary and relapsing

treatments are not mentioned.?*

How is the prognosis of different descriptions of
NAEs?

The prognosis of different types of ICI-related NAEs remains
unclear. Based on the case reports of ICI-related NAEs in
patients with NSCLC, ICI-induced MG prognosis is rela-
tively favorable, symptoms of 5 of 6 patients are improved by
applying steroids pyridostigmine.!8-202223.2% The patient who
died from MG receives similar treatment with others while
achieving bad results due to the refusal of a mechanical ventila-
tor, leading to hypercapnic respiratory failure.’ In a case report
of ICI-related GBS, symptoms of the patient progress rapidly
and show no obvious improvement to IVIg and plasma
exchange, suggesting that an early diagnosis and treatment is
necessary.” In addition to the unresponsiveness to most thera-
peutic modalities, the patient died from necrotizing encepha-
lopathy owes to the second application of ICI, which aggravates
her previous symptoms. After the first application of nivolumab,
symptoms have already appeared, which are considered par-
tially attributed to hyponatremia and application of sertra-
line.'* In this condition, nivolumab is applied continuously,
leading to the death of the patient.* It has been reported that
ICl-associated NAEs progress rapidly after the second appli-
cation of ICI, although the symptoms after the first cycle are
mild or can be relieved by excluding other risk factors.!26
Clinicians need to carefully assess the severity of ICI-related
NAEs and determine whether the stoppage or continuous ICI
application is better for prognosis.

Conclusions

Immune checkpoint inhibitor—related NAEs are the disorder
of central and peripheral nervous system, rare but may be fatal.
A combination of PD-1/PD-L1 and CTLA-4 inhibitors
increases the risk of ICI-induced NAEs compared with mono-
therapy. Time of occurrence ranges widely, but most concen-
trate within 1 to 5weeks after the first dose initiation.
Encephalitis, MG, GBS, and Lambert-Eaton are relatively
common NAEs, which have been discussed in detail on clinical
symptoms, diagnostic examinations, and treatment modalities.
Steroids are main treatment modality to ICI-related NAEs.
Intravenous immunoglobulin and plasmapheresis are necessary
when manifestations deteriorate. To better understand the
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diagnosis and treatment of ICI-related NAEs in NSCLC, fur-

ther studies are needed.
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