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Abstract:

The treatment for cancer has been more widespread and new therapies appear as alternatives in the area to contain the
advance of the tumor, having with the immune mechanisms one of the main sources of research and study for a possible
advance in the treatment. Checkpoint inhibitors (ICI) are monoclonal therapy, which act by blocking the PD-1, PD-L1
and CTLA-4 molecules, responsible for immune control. However, among the effects caused by therapy, the use of
medications is associated with neurological diseases reported as an adverse effect. Neurological complications can
affect both the central and the peripheral nervous system, reaching a variety of regions and being related to effects in
several diseases. In clinical practice, the report in question shows how the adverse effects of using these therapies work,
collaborating with evidence on the use or not of it. This bibliographic review, which used the PUBMED database with
the words "antibodies", "monoclonal”, "immune control”, "checkpoints inhibitors", brings the main neurological
diseases associated with therapy, as well as the incidence, symptoms and treatment.

Methodology: The present review used as a means of obtaining information the PUBMED platform, in which it was
looking for articles using the words ™ antibodies "," monoclonal "," immune control "," checkpoints inhibitors ", in
addition to fulfilling the year criteria between 2010 and 2020. The language and countries in which the data were
obtained were not selected, so information from articles published in several countries was used.

Key words: immune checkpoints inhibitors, monoclonal antibodies; neurological diseases; peripheral neuropathy;
immune control

1. Introduction
Immune checkpoint inhibitors (ICI) represent a new form of cancer

treatment approved by a variety of cancers like melanoma and lung
cancer. They are monoclonal antibodies that act blocking three molecules
with other targets being studied [1,2]. The cytotoxic T lymphocytes
associated antigen 4 (CTL4) acts downregulating T lymphocytes
activation by interaction with B7.2 expressed in antigen presenting cell
(APC) and regulatory T cell (Treg) [1], while the programmed cell death
protein 1 (PD-1) and its ligand (PD-L1), acts limiting T cell activation in
peripheral tissues in contrast to CTL4 [1].

This dysregulation of the immune system that brings immune response
against cancer cells cause as well important immune related adverse
events (irAEs) like pneumonitis, myocarditis, endocrinopathies and
neurological events [3,4]. Importantly, the association of ICls is related
with much more high-grade adverse events than monotreatments [5].

lower than 1% [6]. These results mostly from the clinical trials are similar
with observational and pharmacovigilance data. In a recent single center
study the prevalence of severe nAE was 0.95% [7], and in a Japanese
pharmacovigilance study the prevalence of nAE was 7.67% [8].
Although neurological AEs are not the most frequent AEs associated with
ICl. When we observed the fatal adverse events. Neurological AE
together with cardiac AE represents half the cause of fatal AE in Wang
and colleagues’ retrospective analyses and 15% of the fatal AE from a
global pharmacovigilance data [9]. Another important feature is that
myocarditis that has the highest fatality rate among all adverse events,
frequently co-occur with myositis (25%-32%) [10,11]. and Myastenia
gravis (MG) 25% [12].

The use of autoimmune therapies has been widespread in several areas of
oncology and, in this context, the study involving these therapies must be
understood together in order to obtain the best success and the lowest

Neurological adverse events were shown in a systematic review to occur
in 3.8% of the patients exposed to anti-CTL4 treatment, 6.1% with PD-1
and 12% in the combination of the two. Most of those were low grade AE
like headache 55%. High grade AE on the other hand had a prevalence
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number of complications for the patient. In this narrative review, we will
provide updated information on nAE related to ICI therapy, its treatment
and prognosis, corroborating the analysis of how therapies can influence
the patient's context.
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Although not so common, the adverse effects caused by immune therapies
in the treatment of cancer are essential for understanding the use or not of
this method. Several literatures were used to obtain information, having
no restrictions regarding the search for information. Still, future research
is needed to understand how the mechanisms occur and how to modify
the current parameter of the neurological effects that this therapy acts on.
The review in question aimed to elucidate the main neurological side
effects caused and, for that, it was based on the following questions: "how
does therapy with immune checkpoints inhibitors work?", "What type of
cancer most often uses therapy? "," what are the main neurological
adverse effects? "," what are the main symptoms, incidence, treatment and
prognosis of these adverse effects? ".

1. Peripheral Nervous System
2.1. Peripheral neuropathy
Neuropathies associated with ICI have an estimated incidence of 1% [13].
Other studies showed an incidence rate of 0.7% [14]. and 1.28% [8] when
relating neuropathy and immunotherapy. They may vary in severity from
typical immune-mediated neuropathy as Guillain—Barré syndrome (GBS)
and chronic inflammatory demyelinating polyneuropathy (CIDP) to the
small-fiber sensory type (most commonly seen with chemo-therapies)
[15-19]. Complications involving the peripheral nervous system (PNS)
have been reported in patients treated with anti-PD-1/PD-L1 agents, anti
-CTLA4 or using both of them combined. They have consisted in mild to
moderate peripheral neuropathies [6,20,21].

In the study by Dubey et al (2014), in which 19 patients with neuropathies
relate AE were identified, the phenotypes associated with ICls. Were,
more prevalently, cranial neuropathy with or without meningitis (7) and
polyradiculoneuropathies (6). In addition, it was also noted that the mean
time to the start of immunotherapy therapy and the onset of symptoms of
neuropathy was 9 weeks. The same study also carried out an analysis
comparing ICl-related neuropathy with neuropathies associated with
cytotoxic chemotherapies and it was possible to note that melanoma was
the type most commonly associated with 1Cl-associated neuropathies.
When seen in relation to neuropathies associated with cytotoxic
chemotherapy, adenocarcinoma was the most incident. In addition,
hospitalization was more noticeable in patients with neuropathies
associated with ICI, to carry out the treatment of adverse events they had.
However, in these neuropathies, a better clinical response was also seen
when ICI therapy was discontinued or corticosteroids were administered
[14].

Although some severe peripheral neuropathies improve significantly with
ICI discontinuation, it has been observed a long-term persistence of
painful sensory neuropathy even without the medication [14]. In mild
cases, there is no need for discontinuation of immune checkpoint inhibitor
therapy or initiation of immune modulating treatment such as
corticosteroids [20]. Besides the mild peripheral neuropathies, there have
been described more widespread cases of inflammations such as
meningoradiculitis or meningoradiculonevritis in patients treated with
ICIs, mostly with Ipilimumab [22,23]. Recently studies showed that ICI
induced peripheral neuropathies can focally or diffusely affect the sensory
peripheral roots or motor or limb and can appear as axonal or
demyelinating neuropathies [20,21]. Facial weakness and extraocular
movement impairment may occur too [14]. Immune related neuropathies
can occur after starting ICI therapy and can still be persistent and continue
to be manifest even after stopping the immune therapy [24].
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The variety of clinical forms involved in neuropathy associated with ICI
deserves a review on its own. An interesting association is described by
Alhammad et al. (2017): 2 rare cases of brachial plexus neuropathy were
observed during treatment with ICI. The 2 cases started after the ninth
monoclonal infusion and triggered sudden onset severe pain, in addition
to paresis and paresthesia in the hand and upper limb, a clinical
presentation compatible with neuralgic amyotrophy [25].

Finally, peripheral neuropathies may manifestate in very different ways
raging from Guillain Barre Syndrome (GBS) to mononeuropathy of a
single cranial nerve. While usually reversible, there are persistent cases
that left long term sequelae. It is highly recommended Neuro-imaging and
neurology involvement in this matter [26].

2.2. Guillain-Barré Syndrome (GBS)

GBS is a group of autoimmune disorders manifested by acute
polyradiculoneuropathy, and it is the most common cause of acute flaccid
paralysis [27]. It is estimated that 0.1 to 0.2% of patients receiving ICI
develop acute demyelinating polyneuropathy which resembles GBS 16,
The disease presents in a progressive and symmetrical pattern with
ascending sensory and motor dysfunction (paresthesia, muscle weakness,
paralysis and sensory loss), autonomic neuropathy and areflexia [16,28-
31]. Ultimately, GBS triggered by ICI is generally similar to GBS not
associated with ICI in terms of presentation and clinical course [32]. Also
similarly to GBS not associated with ICI, most cases can be classified as
acute inflammatory demyelinating polyneuropathy (AIDP), although rare
variants of the syndrome, such as Miller-Fisher syndrome, have also been
reported. [33].

Another interesting information is that patients with melanoma may have
a higher risk of ICI associated demyelinating polyneuropathy due to
shared epitopes in both melanocytes and Schwann cells [34,35].
Corticosteroids are the first-line treatment for GBS caused by ICI [16].
different from idiopathic GBS, in which corticosteroids treatment do not
result in significant differences when compared to control groups [36].
This probably happens due to different etiopathogenesis involved in these
two situations. Additionally, IVIG or plasmapheresis may be used in
cases of poor clinical improvement [16].

2.3. Chronic Inflammatory demyelinating polyneuropathy

Chronic inflammatory demyelinating polyneuropathy (CIDP) may occur
similarly to GBS in an acute manner in early stages, although can be
distinguished by the response to corticosteroids therapy and the time
course. The rapid begging of the symptoms suggesting the acute
demyelinating polyneuropathy has been described in a lot of cases that
were finally diagnosed as CIDP induced by immune checkpoint inhibitors
therapy following decompensation weeks after initial improvement
[34,37]. CIDP is typically related to a slow disease course with time to at
least eight weeks. Symptoms may continue progressing or it might occur
in a remitting course due to segmental demyelination and remyelination.
Changes associated involving neurons may happen either. The
mechanisms involved in this process are both humoral and cell mediated
[35].

2.4. Myositis

Myositis are inflammatory myopathies that induce muscle inflammation
associated that could have an extra muscular manifestation associated
including cartilage, lung and skin manifestations [38]. Inflammatory
myopathies can be classified into polymyositis, dermatomyositis,
immune-mediated necrotizing myopathy (IMNM), sporadic inclusion-
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body myositis, and overlap myositis [38,39]. A Meta-analysis study by
Psimara et al. (2018) reported the major complications in the peripheral
nervous system to ICls as an AE from the therapy, among complications
myositis was the most commonly neurological AE of ICI reported.
Patients who are treated with anti-PD-1 aAb like nivolumab have a 1%
chance of being affected by ICI-induced myositis [40].

In the study by Moreira et al. (2019), of the 38 cases of patients who had
metastatic cancer and had neuromuscular adverse effects due to therapy
using ICI, 19 cases were reported to have myositis, which was the most
common AE. Among the 38 cases, 22 were using pembrolizumab, 5 were
nivolumab, 2 were ipilimumab and 9 were using combination. In addition,
as the symptoms seen in the 38 patients with AE, proximal muscle
weakness of the limbs and myalgia were the most frequently seen, with
12 and 16 cases, respectively. It was also analyzed for the presence of
autoantibodies associated with myositis in 24 patients, with negative
results in 67% of cases and an interesting fact found in this study is that
32% of these myositis patients had complications due to myocarditis in
combination [10].

Also, the disease present high levels of creatinine kinase and EMG with
myopathic pattern, and other less often symptoms as dyspnea, fever,
fatigability, chest pain and dysphonia !, Other studies have reported that
patients who developed myositis can also developed overlapping MG,
and presented fluctuation weakness in ocular and bulbar muscles [42,43].
Cases of Myositis caused by nivolumab induced use to improve after drug
withdrawal and administration of corticosteroid (usually prednisone or
prednisolone) with or without immunosuppressive therapy [44].
Prednisone treatment consists in 0,5-1mg/kg, for patients unresponsive or
partially responsive to corticosteroids it may be necessary plasmapheresis
or high dose of IVIg administration [42,45-47].

2.5. Myasthenia gravis

Myasthenia gravis (MG) as a complication of ICI therapy, which can be
seen as an aggravation of the syndrome already possessed or as a new
case [34] In a study citing nivolumab, the incidence of MG caused by an
adverse effect of ICI therapy was 0.12%, occurring in 12 patients among
9,869 individuals with this therapy [48,49]. In the study of Sato et al.
(2019), MG associated with ICI was 1.16% in 7,604 patients analyzed,
when compared to the percentage of 0.03% without using ICI, in 383
patients analyzed [8]. Antibodies to the acetylcholine receptor (AChR)
are identified in approximately 85% of patients with generalized
myasthenia gravis and when myasthenia is considered an adverse effect
of the use of ICI, positive results for the antibody are found in 66% of
cases [50,51]. When AChR antibodies are detected, the results found are,
in most cases, much lower when compared to those found in naive
patients with ICI [12,52].

In a Japanese study conducted with nivolumab monotherapy in 9869
cancer patients, there were 12 cases of MG, which started in the initial
phase of treatment and evolved rapidly. Markedly high CK levels were
obtained in 10 of the 12 patients already diagnosed with MG, in which a
mean serum CK of 4799 IU/L was obtained, being a high level that
preceded clinical symptoms with MG related to nivolumab, which were
also associated with worse prognosis [12]. In addition, it was also noted
that of the 12 cases of nivoMG, 10 patients were positive for AChR and
that there were 4 cases of myositis, 3 cases of myocarditis and 1 had an
association of the myositis and myocarditis, together with the presence of
MG. Although these 2 complications mentioned are uncommon events,
these disorders can develop simultaneously in patients with MG related

Auctores Publishing — Volume 9(1)-177 www.auctoresonline.org
ISSN: 2578-8868

Copy rights @ KE Chukwubuike et.al.

to nivolumab [12]. Another study by Sato et al. shows the presence of
overlap between myositis and MG in 20% of patients with MG associated
with ICI [8].

In the study carried out by Suzuki S et al. (2017), which makes a
comparison of the clinical characteristics between patients who have MG
related to nivolumab and idiopathic MG. Dyspnea and limb muscle
weakness in patients using ICI therapy were the most common
presentations (67%). In idiopathic disease, diplopia (75%) and ptosis
(85%) appear as the 2 most common symptoms caused [12,51].
Symptoms usually progress rapidly with frequent decompensation of the
myasthenic crisis, which requires respiratory support. Almost all patients
reported with MG related to ICI therapy required hospitalization, with 40-
50% of these patients requiring mechanical ventilation. Which can be
associated with patients with high CK levels, according to a study by Safa
etal. (2019) [51]. In aretrospective cohort of 65 patients diagnosed with
MG induced by ICI, the mean time from the onset of symptoms to
respiratory failure and intubation was only 7 days [12]. This is notably
distinct from myasthenia gravis not associated with ICI, which has as
estimated risk of 15 to 20% over the life of myasthenic crisis, and in which
just one fifth of patients have a myasthenic crisis at the time the diagnosis
was made [53,54]. The evolution time from the onset of symptoms to the
most severe symptoms in patients with MG related to ICl is from 1 to 60
days. On the other hand, in patients with idiopathic MG, the evolution
time of the symptoms is approximately 2-3 years [51].

According to Suzuki et al. (2017), treatment using immunosuppressive
therapy was effective in patients who had MG related to nivolumab, in
which patients with mild symptoms responded to oral corticosteroids and
the symptoms were relieved within weeks. However, more severe patients
experienced a more delayed and gradual improvement, with 4 to 8 weeks
[12]. Regarding the results of treatment and prognosis of the disease, in
the study carried out by Safa et al. (2019), the symptoms of AE were
completely resolved in 19% of patients, improved in 55% and worsened
in 26%. 63% of the 38 patients who received first-line corticosteroid
therapy improved their symptoms, while in the rest of the patients there
was an evolution to respiratory failure. When IVIG or PLEX was used as
the primary treatment, 95% of patients showed improvement in
symptoms. In addition, death was reported in 37% of the patients, of
which 23% were due possible complications from MG, after
approximately 6 weeks after the initial MG symptoms, and the remaining
deaths were due cancer progression, other comorbidities or were not
identified [51].

2. Central nervous system
3.1. Encephalitis
Encephalitis is an acute inflammation of the brain manifested by
neurological symptoms such as headache, confusion, behavior changes
and sensorimotor dysfunctions [20,55]. ICIs can cause autoimmune
encephalitis with an estimated incidence between 0,1% and 0,25%, and
this is especially related to the combined therapy of anti-CTLA4
(ipilimumab) and anti-PD1 (nivolumab) [55,56].
A retrospective study by Larkin et al. (2017) investigated immune-related
AE in patients with advanced melanoma treated with nivolumab with or
without ipilimumab. 3763 patients were included, and 35 patients of those
(0.93%) had severe neurological AE. Encephalitis was the second most
common neurological AE, happening in 6 patients, only behind
neuropathy. Also, the median time of encephalitis onset was 51.5 days
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[20]. Additionally, limbic encephalitis has also been reported while using
pembrolizumab [57].

Vogrig et al. (2019) reported 19 patients with CNS AE related to ICI, in
which limbic encephalitis was the most frequent diagnosis, occurring in 8
of them. In the clinical picture it predominated altered mental status,
memory disturbances, psychiatric complaints and seizures. Interestingly,
3 patients had diencephalic symptoms associated (increased weight, loss
of libido and narcolepsy / cataplexy). Brain image showed temporal lobe
hyperintensities in 62% with the rest presenting with no alterations. CSF
with inflammatory signs predominated and 7 out of 8 patients were
positive for Anti-Ma2 antibodies. Despite immunotherapy, 4 patients died
due to the encephalitis and only one achieved full recovery [58]. These
findings are in agreement with other cohorts and case reports [59] and
pharmacovigilance data with just 30% of the patients with encephalitis
reaching full recovery [8].

Autoimmune encephalitis may be associated with the presence of
antibodies, such as antigen D (HuD), specific antibody to type 2 protein
(CASPR2) associated with contactin, glutamic acid decarboxylase
(GAD), and specific antibodies to the N-methyl-d-aspartate receptor
(NMDA). Therefore, it is necessary to identify whether the patient has a
positive antibody for autoimmune or onconeuronal encephalitis [24,56].
It is also worth mentioning that there is an induction of the paraneoplastic
neurological syndrome associated with the anti-Ma2 antibody (Ma2-
PNS), characterized by a specific form of encephalitis with prominent
involvement of limbic structures, brainstem and diencephalic, usually in
association with testicular or pulmonary disease and brings a poor
prognosis to patients [58]. In the retrospective study by Vogrig et al.
(2019), which assessed the frequency of anti-Ma2 encephalitis associated
with ICI, 4 of the 6 patients died [58].

According to Larkin J et al. (2017), when a patient under ICI presents
neurological adverse events (nAE), exclusion diagnosis should be
performed, since encephalitis of viral etiology and other diseases that
mimic the manifestation of autoimmune encephalitis [16,20,24,55]. As
for the treatment, the recommended is the use of high doses of steroids,
immunoglobulins or rituximab [15,24,56].

3.2. Meningoenchepalites

Vogriev et al. (2020) reported in their retrospective study that immune-
mediated meningoencephalitis may also be associated with the use of ICI.
4 out of 19 patients with neurological complications associated to ICI had
meningoencephalitis diagnosis, presenting with altered mental status
(3/4), fever (3/4), anterograde memory disturbances in three (3/4) and
headache (1/4). Involvement of the peripheral nervous system has also
been reported in 2 patients: one sensorimotor peripheral neuropathy and
one sensory neuronopathy. CSF analysis showed inflammatory changes
in all cases. Antibodies against glial fibrillary acidic protein (GFAP) were
detected in two out of four (50%) patients in the CSF. Patients' treatments
consisted in Nivolumab (2/4), pembrolizumab (1/4), nivolumab and
ipilimumab (1/4) [60]. The proposed treatment was withdrawal of ICI and
use of bolus corticosteroids in all patients. Finally, in a median follow-up
period of 14 months, there was neurological improvement in 2 patients,
and one died due to the evolution of the underlying oncological disease
[60]

3.3. Cerebellitis

Vogrig et al. (2020) reported 4 cases of cerebellitis: 3 of them manifested
isolated cerebellar syndrome, while the remaining one also presented
cranial nerve involvement (diplopia and vestibulocochlear dysfunction).
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Cerebellar disorder was observed in 4 patients (100%) [60]. MRI was
normal in 3 out of 4 patients, while mild cerebellar atrophy was observed
in one. Also, one patient had positive anti-Hu antibodies. The proposed
treatment was the removal of ICI and boluses of corticosteroids in all
patients, and Hu-PNS was associated with IVIG. Two patients recovered
completely, one showed remaining symptoms, without disability [60].
Therefore, patients using ICI with evidence of immune-mediated
cerebellitis, prompt diagnosis is required, in addition to early treatment of
high-dose corticosteroids are essential for a good prognosis, improvement
of clinical symptoms and successful treatment, including prevention of
hydrocephalus and tonsillar hernia [61].

3.4. Aseptic meningitis

In a post marketing study, the prevalence of meningitis related to ICI
corresponded to 0.36% of the AE from ICIs use. Out of 27 patients, 2 died
from this complication [8]. Another study found 2 cases of meningitis
coexisting with peripheral phenotypes (CIDP and bilateral facial nerve
palsy and hearing loss) [14].

When approaching a case of possible meningitis due to ICls use, the two
major differential diagnoses are infectious meningitis and carcinomatous
meningitis [62]. Interestedly, in Vogrig et al. study, 4 out of 19 patients
with CNS complications had meningoencephalitis associated with an
image that could be mistaken for carcinomatous meningitis [60]. The
proper evaluation requires CSF analysis and brain MRI after a carefully
neurological and systemic examination to rule out any other complication
associated. If infection is highly suspicious, proper treatment should be
initiated until it can be ruled out. After aseptic meningitis diagnosis
confirmations, treatment requires high doses steroids and suspension of
the ICls [62].

3.5. Posterior reversible encephalopathy syndrome

Posterior reversible encephalopathy syndrome (PRES) is a rare
neurological condition characterized by headache, visual field deficits,
focal neurological deficits and seizures [63]. In a study with 11 patients
with ICI related CNS adverse events, only 1 had PRES diagnosis [64].
Additionally, PRES have been reported in unusual association with
Hashimoto’s thyroiditis and stiff person syndrome in an adolescent
patient in use of Nivolumab, with good response to immunotherapy [65].
3.6. Central Nervous Demyelinating Syndromes

Demyelinating syndromes have been related either as relapses in multiple
sclerosis (MS) patients [66] or new onset demyelinating syndrome [67].
Isolated myelitis is not a common event in the setting of ICls treatment .
Isolated cases of optic neuritis have been reported as well [68]. These are
very rare AE, but they should make part of differential diagnosis of CNS
phenotypes in patients in use of ICls.

3.7. Paraneoplastic syndromes

Paraneoplastic neurological syndromes are disorders associated to an
immune-mediated response against a subjacent tumor, whether it is
benign or malignant. These tumors tend to express onconeural antigens,
which are proteins normally present in neuronal cells. Paraneoplastic
neurological syndromes may affect any part of the nervous system and
frequently occur before the cancer diagnosis [69-71]. However, since ICI
increases the immune-response and interferes in self-tolerance, the
possibility of paraneoplastic development in face of ICI treatment has
emerged.

In this context, Yshii et al. (2016) investigated if anti-CTLA4 therapy
could increase the risk of developing paraneoplastic neurological
disorders, more specifically paraneoplastic cerebellar degeneration (PCD)
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[70]. PCD occurs due the immune response against intracellular antigens
and leads to loss of Purkinje cells in the cerebellum. It is usually related
to gynecological (ovarian or breast), testicular or small cell lung cancer
[69,70]. Interestedly, 84% (27/32) of the mices receiving anti-CTLA4
treatment presented cerebellar inflammation, which was not observed in
any of the mices not receiving this treatment. Besides that, when Purkinje
neurons expressed onconeural antigens, T cells were recruited and
neuronal destruction was observed [70]
Therefore, paraneoplastic neurological disorders must be reminded when
a patient develops neurological irAE, especially when symptoms are
identical to those in classic paraneoplastic neurological syndrome or when
neurological irAE is accompanied by onconeural autoantibodies [69].
A few case series of patients in ICI therapy who developed paraneoplastic
neurological syndrome have been reported, including patients with lung
adenocarcinoma and Merkel carcinoma in use of pembrolizumab
developing sensory neuropathy [71] and small cell lung cancer patients
developing encephalitis in use of nivolumab with and without ipilimumab
[72]. In some articles, however, although patients developed encephalitis
after the use of ICI and had positive autoantibodies in CSF, diagnosis of
paraneoplastic neurological disorders have not been made due the atypical
clinical presentation [73]
Diagnosis of paraneoplastic neurological syndrome may be challenging.
Neural antibody testing is crucial in face of a patient developing
neurological irAE after the use of ICI, such as further studies about this
association and clinical trials with more detailed clinical descriptions of
neurological irAE [69,71].

3. Conclusion
In conclusion, nAE are uncommon but represent a serious complication
that can impact patients’ prognosis and even be the cause of death in some
cases. Neurologists and oncologists should be aware of such
complications and be especially alert to the clinical overlap of myocarditis
and neuromuscular complications which requires intensive care
management and are correlated with high fatality rates.
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