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Abstract

With the recent development and clinical application, immune checkpoint
inhibitors (ICIs) intervention is being increasingly common for multiple
malignancies. With these, prospect on focus creates an increasing necessity
for an early recognition with proper documentation of upcoming treat-
ment-related toxicities. These treatment-related toxicities are generally
termed as immune-related adverse effects (irAEs) [1]. It is a known fact that
the upregulation of T-cell initiates autoimmunity resulting in these irAEs.
The review focuses on increasing events of neuropathy associated with im-
munecheckpoint inhibitors, which is one of the rare neurological irAEs,
therefore, the least reviewed. The severity and distribution of neurologic tox-
icities are important deciding factors for its management (CNS vs. PNS), al-
though there is no strong evidence for patients treated with ICIs are specifi-
cally affected by the use of immune-modulating interventions. Furthermore,
the review discusses on pathophysiology, incidence, clinical presentation, di-
agnosis, and management of neuropathies as a result of ICIs. Early adminis-
tration of high-dose corticosteroids is the main management of neuropathies
especially for grade 3 or 4 irAEs initial cessation of ICI therapy with contin-
ued steroids which are necessary. However, the optimal duration of ICI ther-
apy to minimize the risk of toxicity should be kept under consideration.
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1. Introduction

The specific focus of immune target cells has proved as a revolutionary approach

for management of multiple malignancies modulating it into an important

branch in the field of Medical Oncology. The upregulation of T-cells pathways
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directed for enhanced initiation of immune directed antitumor responses with
the focus on immune target cells is vital for the augmentation of immune di-
rected cancer cell attack. The reinforcement of these immune cells has hence-
forth shown promising results for the recent and future avenues [1]. Considering
its results and responses, food and drug administration (FDA) had already ap-
proved ICI for metastatic melanoma, non-small cell lung cancer (NSCLC), renal
cell carcinoma (RCC), bladder cancer, head and neck cancer, and Hodgkin’s
lymphoma, etc. (Table 1). In 2011, Ipilimumab, a cytotoxic T lymphocyte asso-
ciated antigen 4 (CTLA4) targeting antibody was approved for advanced mela-
noma [2]. Further in 2014, approval of Nivolumab and pembrolizumab, mo-
noclonal antibodies directed against the programed cell death 1 (PD-1), was
witnessed. Following in 2016-2017, further approval of anti-PD-1 ligand
(PD-L1) agents was witnessed [3]. Nivolumab was approved for metastatic
NSCLC, RCC, Hodgkin’s lymphoma, metastatic melanoma, and along with
Pembrolizumab for metastatic melanoma, lung cancer and metastatic head and
neck cancer. Later, Atezolizumab was approved for urothelial carcinoma.
Although through immune activation mechanism, it proves to be a very effi-
cient therapy, concurrently significant immune-related adverse events (IRAEs)
pose as a major drawback for the same. Generally termed as IRAEs, it almost af-
fects multiorgan with a wide range of toxicities. Studies for the toxicities are
mostly focused on colitis, hepatitis, pneumonitis and other IRAEs whereas there
is much less emphasis on peripheral neuropathy [4]. Neuropathies though are
rare, are increasing in incidence in recent interventions with ICI. With the above
on focus, in this study, we aim to review the literature about IRAE associated

neuropathies.

Table 1. FDA approved immune checkpoint inhibitors.

Anti-CTLA4 mAbs

- Stage IIT and Metastatic melanoma
Ipilimumab

Anti-PD-L1 mAbs  2nd line regiment for metastatic nonsmall-cell lung cancer Advanced or
Atezolizumab metastatic urothelial carcinoma
Advanced or metastatic urothelial carcinoma Metastatic Merkel cell

Avelumab .
carcinoma

Durvalumab Advanced or metastatic urothelial carcinoma

Metastatic melanoma
2nd line metastatic regiment of nonsmall-cell lung cancer
Anti-PD-1 mAbs  2nd line regiment of metastatic renal cell carcinoma
Nivolumab Refractory classical Hodgkin lymphoma
Recurrent or metastatic squamous cell carcinoma of the head and neck
Advanced or metastatic urothelial carcinoma

Metastatic melanoma

1st and 2nd line regiment for metastatic nonsmall-cell lung cancer
Pembrolizumab Advanced or metastatic renal cell carcinoma Refractory classical

Hodgkin lymphoma MSI-high or MMR-deficient metastatic solid tumors

Advanced or metastatic urothelial carcinoma
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2. CTLA-4 and PD-1 Pathways

The cancer associated genetic mutations results various tumor associated anti-
gen expression on cancer cells. The Major Histocompatibility Complex (MHC)
presents the tumor associated molecules to the Antigen Presenting Cells (APC)
on their surface for the T-cell receptor (TCR) recognition as seen in (Figure 1).
Henceforth, multiple “non self” tumor-associated antigens induces series of at-
tack on all tumor cells expressing these antigens [5].

However, CTLA-4 is associated with the inhibition of T cell activation and
clonal expansion, through targeting CTLA-4 active blocking mechanism, helps
to maintain further activation and proliferation of effector T cells ultimately en-
hancing the tumor immune responses [6]. Unfortunately it also results in inhibi-
tion of normal physiological T cell-mediated immunosuppression, thus leading
to immune related toxic effects.

Studies show multiple malignancies with PD-1 expression on its tu-
mor-infiltrating lymphocytes. The expression of PD-L1 expression is known to
inhibit the T-cell antitumor response which is a major factor for cancer progress
[7] [8]. It is noticed the tumor PD-L1 expression to be directly proportional to
active tumor immune microenvironment [9]. The long duration of exposure of
these antigen could lead to exhaustion or anergy. The focus on the PD-1 block-
ade may reverse anergy of tumor-specific T cells.

3. Immune Check Point Inhibitors and IRAEs

Immune checkpoints active blockades, in the maintenance of self-tolerance

can have a huge impact on immunological tolerance, which could eventually

Blocking CTLA-4 and PD-1 pathways
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Figure 1. CTLA4 and PD1 pathway [14].
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create autoimmune or inflammatory side effects, termed “immune-related ad-
verse events” [10] [11] [12].

Commonly witnessed CTLA4 and PD-1 and PD-L1 adverse effect profiles [10]
are fatigue, rash, pruritus and diarrhea. It is noticed PD1 and PDLI1 have lower
risk of toxicities while compared to the CTLA4. As irAEs can affect nearly every
organ in association with checkpoint inhibitors, an early-onset and late-onset
recognition of the toxic effects with effective mechanism of identification and
management are very crucial for an optimal and efficient application of these

immunotherapies [13].

4. Neuropathies

Despite the efficacy ICI therapy is associated with wide spectrum of im-
mune-related adverse events (irAEs), whereas common adverse reactions are
rash, colitis, hepatitis, endocrinopathies, and pneumonitis. The neurological side
effects are rare such as immune polyneuropathies, Guillain Barré syndrome, myas-
thenia gravis, posterior reversible encephalopathy syndrome, aseptic meningitis,
enteric neuropathy, transverse myelitis and immune encephalitis, etc. [15].

Among the neurotoxic events, there are cases of ICIs intervention with mild
peripheral neuropathies and multiple inflammatory conditions such as menin-
goradiculitis or meningoradiculonevitis [16] [17]. The case of demyelinating po-
lyradiculoneuropathy is approximately estimated to be in the range of 0.1% -
0.2% with anti-PD1 and/or anti-CTLA4 agents intervention [18]. Studies show
neuropathies occurring in fewer than 1%. [19] While introduced with neuropa-
thies, it always requires systematic evaluation of the patients with a proper his-
tory of previous treatment and complication while under intervention. Fur-
thermore patients with acute or subacute sensory—motor symptoms sometimes
are associated with cranial nerve involvement or dysautonomia [20] [21] [22].

The neurologic toxic events are diagnosed through, cerebrospinal fluid (CSF)
analysis where reports of elevated protein levels, lymphocytosis (around 10 - 15
cells) and normal glucose level are expected. There are studies with oligoclonal
bands in the CSF being observed with a systemic immune activation and high
CSF cellularity. The brain and spinal MRI are suggested for excluding CNS and
meningeal involvement [23] [24]. For the diagnosis of nerve demyelination elec-
tromyography with nerve conduction could be an option.

Regarding the pathogenesis, very less is known for neurological irAEs. It is
suggested that checkpoint inhibition could be caused precipitating an underlying
autoimmune disorders. For example, ipilimumab can induce myasthenia gravis,
disease associated with T-cell-mediated production of acetylcholine receptor an-
tibodies [24].

5. Incidence of Neuropathy Associated ICIs in Patients with
Cancer

Reports on the neuropathy associated with ICI therapies are not much identi-
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fied. A. Ribas ef al. mentioned on a randomized phase 2 trial study after two or
more ipilimumab doses and, if BRAFV600 mutant-positive, previous treatment
with a BRAF or MEK inhibitor or both for assessing the efficacy and safety of
two pembrolizumab doses versus investigator-choice chemotherapy in patients
with ipilimumab-refractory melanoma had, pembrolizumab 2 mg/kg or 10 mg/kg
every 3 weeks or investigator-choice chemotherapy (paclitaxel plus carboplatin,
paclitaxel, carboplatin, dacarbazine, or oral temozolomide). The result showed a
single case of peripheral neuropathy among 178 with the 2 mg/kg intervention
and 2 cases and 1 among 179 patients on 10 mg/kg intervention [1].

James et al. searched a Global Pharmacovigilance and Epidemiology database
for neurologic irAEs reported over an 8-year period in patients with advanced
melanoma receiving nivolumab with or without ipilimumab with advanced me-
lanoma stated 22 neuropathy cases among 3763 patients [18].

A metanalysis of randomized controlled trials by Tomohiro et al with the in-
clusion criteria of; phase II and III trials in patients with cancer; random as-
signment of participants to treatment with single-agent PD-1/PD-L1 inhibitor or
chemotherapy; and reporting of events or event rate and sample size for any
all-grade (1 - 4) or high-grade (3 - 4) AEs, individual all- or high-grade AEs,
treatment discontinuation for AEs, or treatment-related deaths. The result with
the comparison with chemotherapy, the intervention with PD1/PDLI inhibitor
had six trials (1.2%) of all grade sensory neuropathy and five trials (0.8%) cases
of high grade sensory neuropathy among 3450 patients [25].

Paolo et al. on a randomized, double-blind, multicenter, phase 3 study done in
87 centers in 21 countries worldwide reported a phase 3 trial comparing the
benefit-risk of ipilimumab 10 mg/kg versus 3 mg/kg. This study included pa-
tients with untreated or previously treated unresectable stage III or IV melano-
ma, without previous treatment with BRAF inhibitors or immune checkpoint
inhibitors, were randomly assigned (1:1) with an interactive voice response sys-
tem by the permuted block method using block size 4 to ipilimumab 10 mg/kg
or 3 mg/kg, administered by intravenous infusion for 90 min every 3 weeks for
four doses. Results showed three cases of grade three-peripheral motor and sen-
sory neuropathy on Ipilimumab 10 mg/kg intervention among 364 patients.

Antonia, S. J., ef al on a multicenter, open-label, two-stage, multi-arm phase
1/2 trial Grade 3 or 4 treatment-related peripheral neuropathy occurred in a sin-
gle case with nivolumab plus ipilimumab arm [25] [26].

Weber JS et al. on randomized, open-label, phase 2 study, with patients from
nine academic medical centers in the USA with eligible patients 18 years and
above, had histologically confirmed unresectable stage III or stage IV mela-
noma, previously untreated or had progressed after no more than one pre-
vioussystemic therapy. With an Eastern Cooperative Oncology Group perfor-
mance status of 0 or 1), patients were randomly assigned (1:1) to induction
with intravenous nivolumab 3 mg/kg every 2 weeks for six doses followed by a

planned switch to intravenous ipilimumab 3 mg/kg every 3 weeks for four doses,
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Articles searched via PUBMED,
SCOPUS, GOOGLE SCHOLAR
and RESEARCH GATE
(103 articles)

Excluded: Those articles not
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(71 articles)

A 4

v
Full text articles (32 articles)

Excluded: Those articles not related
»| to adverse effects (23 articles)

v

Extracted number of articles
(9 articles)

Excluded: (3 articles)

h 4

v

Final articles for review
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Figure 2. Flowchart showing the article selection process included in the review.

or the reverse sequence. The result showed Nivolumab followed by ipilimumab
(n = 68) a grade four demyelinating polyneuropathy among 1 patient [27]. Study
processes are presented in Figure 2 and the selected study is summarized in Ta-
ble 2.

6. Immune Related Neuropathy: Management

The severity and distribution of neurologic toxicities are important factors for
deciding its management (CNS vs. PNS). Although there are no strong evidence
of patients treated with ICIs are specifically affected by the use of im-
mune-modulating interventions [28] [29]. Still these adverse effects could result
in the severe complications, so early detection and intervention are vital. There
are wide range of studies indicating corticosteroids as the first line of treatment
for ICI-related neurologic irAEs [24] [30] [31] [32].

According to the intensity of severity, immune related adverse effects are
graded 1 to 4. For the symptomatic grade 1 - 2 adverse effects, corticosteroids
(0.5 - 1 mg/kg/day of prednisolone equivalent) are recommended after the cessa-
tion of ICL If no obvious improvement after 7 - 10 days follows up, it is to be
considered and managed as a grade 3 adverse event.

For the grade 3 - 4 events, an immediate hospitalization with systemic corti-

costeroid therapy (1 mg/kg/day of prednisolone equivalent) are advised.
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Table 2. Summary of adverse effects of the included study.

Source and
publication year Year of Study
Ribas A. et al. 2015
James et al. 2017
Tomobhiro et al. 2017
Paolo et. al 2017
Antonia et al 2016
Weber JS et. al 2015

No. of neuropathic

Study Design No. of patients incidence
N =178 broli b2 k N=2
randomized phase 2 trial (pem ro'lzuma mg/ke)
N =179 (pembrolizumab 10 mg/kg) N=1

. N = 3763 (nivolumab with or
Review . o N=22
without ipilimumab)

N = 3450 (single-agent PD-1/PD-L1

randomized controlled trials-metanalysis inhibitor or chemotherapy) N=6

randomized, double-blind, multicenter, N = 364 (ipilimumab 10 mg/kg or 3 mg/kg) N=3
phase 3 study - primt, &8 &8 B

Multicenter, open-label, two-stage, N = 54 (nivolumab 3 mg/kg plus N1
multi-arm phase 1/2 trial. ipilimumab 1 mg/kg) N

randomized, open-label, phase 2 study, N =68 (Nivolumab followed by ipilimumab) N=1

Initially a bolus short-course intravenous corticosteroids are preferred (500
mg/day for 3 days, followed by 1 mg/kg/day of prednisolone equivalent) with
further evaluation for the improvement of the toxicity. Further medications ac-
cording to the type of toxicity are indicated such as, anticholinesterase inhibitors
for myasthenia gravis, empiric anti-biotic and/or antiviral treatment for ence-
phalitis et al it is to be noted that with the improvement of the patient’s condi-
tion corticosteroids are usually tapered over a period of at least 2 months, with a
regular follow-up, until completion of the regiment.

The first line corticosteroid non-responsive or partially responsive patients,
alternatives such as IVIg, [20] plasmapheresis (usually 5 - 6 sessions], [33] an-
ti-TNF-alpha antibodies (e.g. infliximab], [34] mycofenolatemofetyl [35] and ri-
tuximab. [34] These intervention showed few but positive results. Hence, it
could be considered according to the type and severity of irAE, although proper
care, its relative risks and benefit are to be considered. The immunosuppressants
such as Methotrexate and cyclophosphamide also showed efficacy in other dy-
simmune neurologic disorders. In treatment-refractory patients, alternative
immunosuppressive agents are rarely used with toxicity basis involving other
organs, proteasome inhibitors (bortezomib), calcineurin inhibitors tacrolimusor
IL-17 blockers could be considered.

7. Discussion

With the rapid regression of tumors, checkpoint blockade has its striking with
enhanced patients survival among multiple solid malignant tumors. Although
Immune checkpoint inhibitors show promising results there are high possibility
of auto-immune disorders. These disorders are termed IRAEs, and are mostly
associated with monoclonal antibodies.

As the medical field advances bringing together multiple faculties the man-
agement of neurotoxic events it is essential for oncologists and neurologists to

work together. Recent studies regarding the incidence of neurotoxicity are
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mostly focused on GBS, meningism, encephalopathy, etc., whereas specific stu-
dies regarding neuropathy are minimal. Therefore, we conducted the review
with the focus on increase in incidence of neuropathies occurring under im-
mune checkpoint inhibitors in cancer patients.

The increasing incidence of ICI intervention necessitates a frequent interac-
tion among oncologists, immunologists, neurologists for an early detection with
proper characterization of immune induced neurotoxicity. Further a rapid
management is advised for Anti-CTLA-4 and anti-PD-1/PD-L1 antibodies
which are usually reversible. The increase in incidence of severe neurologic tox-
icity has brought to the light an important question for future oncology trials
and clinical practice of these checkpoint inhibitors.

Early and late neurotoxic events require a complete neurological examination
and monitoring. It is obvious that the implementations of ICIs are increasing for
tumor management following years. Therefore, it is necessary to evaluate neu-
rologic manifestation to detect the potential neuropathies.

For the management prospects, CSF analysis with a demyelinating and/ or an
asymmetrical pattern on electroneuromyography is very favorable. Although,
still a standard protocol is a necessity for neurological AEs, studies have shown
improvements only after the discontinuation of the ICIs. Oral prednisone around 1
mg/kg/day is a common initial therapy. Furthermore there is a neurological AEs
management algorithm being proposed [15] [36] [37]. However, further stu-
dies are necessary for specific intervention along with dose and duration of
application. There are other interventions such as immuno-suppressive agents
or plasmaphaeres is under evaluation.

ICI after neurological recovery is still under consideration which requires a
careful analysis. We suggest further trials assessing the progress of immune dis-
orders to be studied after recontinuing ICI would be vital with regards to its ha-

zards.

8. Conclusions

With much advancement immune checkpoint inhibitors show a promising, a
future perspective in the field of oncology and are increasingly being indicated
for first and second line intervention. Unfortunately, there are immune asso-
ciated toxicities alongside. The upregulation of T-cell activity eventually leads to
immune tolerance disruption with autoimmune syndromes. Although it is no-
ticed that irAEs are much lower with PD-1 inhibitors compared with CTLA4 in-
hibitors, the concern for the toxicities can be severe and cannot be ignored.
Among the toxicities, neurological-irAEs are rare but often can be severe.
Multidisciplinary approach oriented management with early bolus corticostero-
ids with synchronic supportive care required. However, proper recognition,
evaluation and pathophysiology of ICI induced neurotoxicities are still a chal-
lenge due to difficulty in identifying biomarkers susceptible to irAEs. This

heightens the complexity for optimized management for immune related ad-
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verse events. Therefore, certain studies have stated that underlying autoimmune
disorders or patients with neurologic manifestations prior to ICI intervention
should not be denied access to ICI [23] [38] [39] [40]. Finally, we hereby notify
there is a need for further research for the management of neurologic irAEs

aiming for a much enhanced management strategy.

Limitation

We would like to notify that our study suffered from several limitations. First the
incidence of neuropathies was extracted from large clinical trials. Unfortunately,
some trials were poorly characterized, with limited explorations, which could
lead to mis-interpretation. Therefore, further studies for the understanding of
the neuro-logical AEs especially neuropathies would help to provide optimal

management.
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