
Immune checkpoint inhibitors (ICIs) have trans-
formed the field of cancer immunotherapy and led 
to substantial improvements in patient outcomes 
across various malignancies. These inhibitors, tar-
geting programmed cell death protein 1 (PD-1), 
programmed death-ligand 1 (PD-L1), and cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4), 
demonstrate efficacy in treating multiple cancers, 
including melanoma, non-small cell lung cancer, 

and renal cell carcinoma.1-3 However, as the clini-
cal use of ICIs has expanded, an increasing number 
of immune-related adverse events (irAEs) have 
been reported, including a variety of neurological 
complications.4-6 

Neurological toxicities arising from ICI treat-
ment represent a heterogeneous group of complica-
tions that manifest across a broad spectrum, ranging 
from mild symptoms to life-threatening condi-
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tions.1,4,7 Such toxicities affect both central and pe-
ripheral nervous systems, manifesting as encephalitis, 
myasthenia gravis (MG), Guillain-Barré syndrome 
(GBS), and additional neurological syndromes.2,5,8 
The median onset time for immunotherapy-related 
neurotoxicity is established at four weeks, with oc-
currence possible between one week to 68 weeks.9 
While neurological irAEs exhibit lower incidence 
compared to other irAEs, these events potentially re-
sult in significant morbidity and mortality.3,6,9 

The precise mechanisms underlying neurological 
irAE development remain incompletely understood, 
though attribution to immune system dysregulation 
caused by checkpoint inhibition has been proposed.7 
Considering the expanding utilization of ICIs in cancer 
treatment, understanding clinical manifestations, diag-
nostic approaches, and management strategies for neu-
rological complications becomes essential for clinicians 
and researchers.1,7,8 

The present article reviews patients receiving 
ICI treatment who developed neurological adverse 
events. Clinical spectrum, treatment approaches, and 
outcomes of ICI-related neurotoxicity are presented 
through a case-based methodology. 

 METHODS 
Data were retrospectively evaluated from 500 cancer 
patients who received immunotherapy treatment be-
tween 2020-2022 at Koç University Hospital Medical 
Oncology Outpatient Clinic. Eight patients (1.6%) 
who developed immunotherapy-related neurologic 
side effects were included in the analysis. Demo-
graphic characteristics, clinicopathologic features, 
and laboratory results were extracted from the medi-
cal oncology outpatient clinic database.  

CONSENT TO PARTICIPATE 
Patient data were obtained retrospectively from med-
ical records following acquisition of written informed 
consent from patients or designated relatives.  

 RESULT 
The study population comprised 89% (7/8) male pa-
tients, with a median age of 59 years (range: 44-79). 
Small cell lung cancer (n=2) and renal cell carcinoma 

(n=2) represented the most frequent cancer types. 
Cranial radiotherapy was administered to two patients 
with brain metastases. Atezolizumab treatment was 
received by four patients (50%). The median time to 
side effect onset was documented at 10.5 weeks 
(range: 1-95 weeks). Disease progression or infection 
resulted in mortality for five patients (63%) during 
the follow-up period. Clinical data are presented in 
Table 1. 

 CASE PRESENTATION 
A 59-year-old male patient was diagnosed with la-
ryngeal cancer in February 2021. After completing 
28 days of radiotherapy, a salvage laryngectomy was 
performed in January 2022 due to a local recurrence. 
Postoperative pathology indicated T4N0M0, and fol-
low-up assessments were scheduled every three 
months. In July 2022, chemotherapy was initiated for 
a recurrent lesion that was considered unsuitable for 
surgical resection. Given a 60% PD-L1 expression 
level, treatment with a combination of cisplatin, 5-
FU, and pembrolizumab was planned. 

One month after completing two treatment cy-
cles, the patient presented to the emergency depart-
ment with right leg weakness, left arm weakness, and 
ptosis in the right eye. Neurological assessment re-
vealed multiple cranial nerve paralysis manifesting 
as decreased eye squeezing, rightward tongue devia-
tion and reduced tongue movements. Motor exami-
nation demonstrated extremity weakness (proximal 
more prominent than distal) with bilaterally absent 
deep tendon reflexes and plantar skin responses. Cra-
nial and cervical magnetic resonance imaging (MRI) 
with electromyography examination suggested acute 
disseminated polyneuroradiculopathy (Figure 1). Ad-
mission to neurology service followed with prelimi-
nary diagnosis of acute disseminated 
polyneuroradiculopathy, and intravenous im-
munoglobulin (IVIG) treatment was administered at 
26.8 g over five days. Lumbar puncture revealed al-
buminocytological dissociation, while paraneoplas-
tic panel, autoimmune encephalitis panel, meningitis 
panel, Mycobacterium tuberculosis polymerase chain 
reaction, and ganglioside panel yielded negative re-
sults. Clinical findings showed no improvement with 



333

Pa
tie

nt
s 

Di
ag

no
sis

Tr
ea

tm
en

t
Im

m
un

ot
he

ra
py

 
To

xic
ity

Tr
ea

tm
en

t
St

at
us

 
44

 ye
ar

s o
ld 

Fe
ma

le
Br

ea
st 

ca
nc

er
IO

+C
hT

At
ez

oli
zu

ma
b

Tr
an

sv
er

se
 m

ye
liti

s
Or

al 
me

thy
lpr

ed
nis

olo
ne

 1 
mg

/kg
/da

y f
or

 
Sy

mp
tom

s d
id 

no
t im

pr
ov

e. 
Th

e p
ati

en
t p

as
se

d a
wa

y d
ue

 to
 in

fec
tio

n 
5 d

ay
s a

nd
 th

en
 or

al 
60

 m
g/d

ay
 m

ain
tan

ce
 - 

Th
e s

ter
oid

 do
se

 w
as

 ta
pe

re
d b

y 8
 m

g e
ve

ry 
fiv

e d
ay

s. 
Du

rin
g t

he
 fo

llo
w-

up
 pe

rio
d, 

the
 do

se
 w

as
 re

du
ce

d t
o  

16
 m

g/d
ay

 an
d c

on
tin

ue
d a

s m
ain

ten
an

ce
 th

er
ap

y.
  

44
 ye

ar
s o

ld 
Ma

le
SC

LC
IO

+C
hT

At
ez

oli
zu

ma
b

De
my

eli
na

tin
g d

ise
as

e
IV

 m
eth

ylp
re

dn
iso

lon
e 1

00
0m

g/d
ay

 fo
r 7

 da
ys

Sl
igh

t im
pr

ov
em

en
t in

 sy
mp

tom
s. 

 
 an

d t
he

n o
ra

l s
ter

oid
 60

mg
/da

y m
ain

tan
ce

. 
Th

e p
ati

en
t p

as
se

d a
wa

y d
ue

 to
 di

se
as

e p
ro

gr
es

sio
n."

 
Th

e s
ter

oid
 do

se
 w

as
 ta

pe
re

d b
y 8

 m
g e

ve
ry 

fiv
e d

ay
s. 

 
Du

rin
g t

he
 fo

llo
w-

up
 pe

rio
d, 

the
 do

se
 w

as
 re

du
ce

d t
o 8

 m
g/d

ay
  

an
d c

on
tin

ue
d a

s m
ain

ten
an

ce
 th

er
ap

y. 
 

68
 ye

ar
s o

ld 
Ma

le
Re

na
l c

ell
 ca

rci
no

ma
 

IO
Ni

vo
lum

ab
En

ce
ph

alo
pa

thy
Or

al 
me

thy
lpr

ed
nis

olo
ne

 1 
mg

/kg
/da

y f
or

 5 
da

ys
 an

d
Sl

igh
t im

pr
ov

em
en

t in
 sy

mp
tom

s .
 

 th
en

 or
al 

60
 m

g/d
ay

 m
ain

tan
ce

- S
ter

oid
 tr

ea
tm

en
t w

as
 ta

pe
re

d b
y

Th
e p

ati
en

t p
as

se
d a

wa
y d

ue
 to

 as
pir

ati
on

 pn
eu

mo
nia

 
12

 m
g/d

ay
 ev

er
y 5

 da
ys

 an
d d

isc
on

tin
ue

d w
ith

in 
a m

on
th

 
61

 ye
ar

s o
ld 

Ma
le 

Ma
lig

na
nt 

me
lan

om
a

IO
+I

O
Ni

vo
lum

ab
 pl

us
 Ip

ilim
um

ab
En

ce
ph

alo
pa

thy
IV

 m
eth

ylp
re

dn
iso

lon
e 1

 m
g/k

g/d
ay

 fo
r 5

 da
ys

 an
d 

Sy
mp

tom
s i

mp
ro

ve
d, 

an
d s

ter
oid

 do
sa

ge
 w

as
 ta

pe
re

d o
ff a

nd
  

the
n o

ra
l 6

0 m
g/d

ay
 m

ain
tan

ce
 +

IV
IG

 33
gr,

 D
1-

4.
ev

en
tua

lly
 di

sc
on

tin
ue

d. 
Th

e p
ati

en
t c

on
tin

ue
d w

ith
 si

ng
le 

St
er

oid
 tr

ea
tm

en
t w

as
 ta

pe
re

d b
y 1

2 m
g/d

ay
 ev

er
y 

-a
ge

nt 
IO

 tr
ea

tm
en

t. 
5 d

ay
s a

nd
 di

sc
on

tin
ue

d w
ith

in 
a m

on
th 

57
 ye

ar
s o

ld 
Ma

le
SC

LC
IO

+C
hT

At
ez

oli
zu

ma
b

En
ce

ph
alo

pa
thy

Or
al 

me
thy

lpr
ed

nis
olo

ne
 w

as
 ad

mi
nis

ter
ed

 at
 16

 m
g/d

ay
 fo

r
Sy

mp
tom

s i
mp

ro
ve

d, 
an

d t
he

 st
er

oid
 do

sa
ge

 w
as

 ta
pe

re
d o

ff 
fiv

e d
ay

s, 
aft

er
 w

hic
h t

he
 do

se
 w

as
 re

du
ce

d b
y 4

 m
g e

ve
ry 

thr
ee

 da
ys

,
an

d e
ve

ntu
all

y d
isc

on
tin

ue
d.N

ot 
av

ali
ab

le 
fol

low
 up

 da
ta 

wi
th 

the
 tr

ea
tm

en
t d

isc
on

tin
ue

d w
ith

in 
thr

ee
 w

ee
ks

 
58

 ye
ar

s o
ld 

 
Ma

le
La

ryn
x t

um
or

IO
+C

ht
Pe

mb
ro

liz
um

ab
Ac

ute
 di

ss
em

ina
ted

 
Or

al 
ste

ro
id 

30
mg

/da
y +

 IV
IG

Sy
mp

tom
s i

mp
ro

ve
d, 

an
d t

he
 st

er
oid

 do
sa

ge
 w

as
 ta

pe
re

d o
ff b

ut 
po

lin
eu

ro
ra

dic
ulo

pa
ty 

wi
th 

27
 gr

,D
 1-

5 a
nd

 th
en

 iv
 pu

lse
 m

ety
l p

re
dn

iso
ne

 
no

t d
isc

on
tin

ue
d. 

Th
e p

ati
en

t p
as

se
d a

wa
y d

ue
 to

 di
se

as
e p

ro
gr

es
sio

n. 
mi

ya
sth

en
ic 

sy
nd

ro
me

 25
0m

g/d
ay

/fiv
e d

ay
s, 

py
rid

os
tig

mi
ne

 4x
60

 m
g. 

 
Th

e p
re

dn
iso

lon
e d

os
e w

as
 re

du
ce

d t
o 3

0 m
g a

nd
  

co
nti

nu
ed

 as
 m

ain
ten

an
ce

 th
er

ap
y 

79
 ye

ar
s o

ld 
 

Ma
le

Re
na

l c
ell

 ca
rci

no
ma

IO
Ni

vo
lum

ab
En

ce
ph

alo
pa

thy
Or

al 
me

thy
lpr

ed
nis

olo
ne

 w
as

 ad
mi

nis
ter

ed
 at

 16
 m

g/d
ay

 
Al

ive
-N

ot 
av

ali
ab

le 
fol

low
 up

 da
ta 

for
 fiv

e d
ay

s, 
aft

er
 w

hic
h t

he
 do

se
 w

as
 re

du
ce

d b
y  

4 m
g e

ve
ry 

thr
ee

 da
ys

, w
ith

 th
e t

re
atm

en
t  

dis
co

nti
nu

ed
 w

ith
in 

thr
ee

 w
ee

ks
 

68
 ye

ar
s o

ld 
Ma

le 
Lu

ng
  a

de
no

ca
rci

no
ma

IO
+C

hT
At

ez
oli

zu
ma

b
De

my
eli

na
tin

g d
ise

as
e

Int
ra

ve
no

us
 (I

V)
 m

eth
ylp

re
dn

iso
lon

e w
as

 ad
mi

nis
ter

ed
 at

 
Sy

mp
tom

s d
id 

no
t im

pr
ov

e. 
Th

e p
ati

en
t p

as
se

d a
wa

y d
ue

 to
 in

fec
tio

n 
10

00
 m

g/d
ay

 fo
r 5

 da
ys

, fo
llo

we
d b

y o
ra

l s
ter

oid
s a

t a
  

ma
int

en
an

ce
 do

se
 of

 60
 m

g/d
ay

. IV
IG

, a
t a

 to
tal

 do
se

 of
 

27
 g,

 w
as

 ad
mi

nis
ter

ed
 ov

er
 da

ys
 1-

4. 
 

Th
e s

ter
oid

 do
se

 w
as

 ta
pe

re
d b

y 8
 m

g e
ve

ry 
fiv

e d
ay

s. 
 

Du
rin

g t
he

 fo
llo

w-
up

 pe
rio

d, 
the

 do
se

 w
as

 re
du

ce
d t

o  
16

 m
g/d

ay
 an

d c
on

tin
ue

d a
s m

ain
ten

an
ce

 th
er

ap
y.

TA
BL

E 
1:

  D
em

og
ra

ph
ic 

an
d c

lin
ica

l fi
nd

ing
s, 

tre
atm

en
t c

ha
ra

cte
ris

tic
s, 

an
d o

utc
om

es
.

SC
LC

: S
ma

ll C
ell

 C
ar

cin
om

a, 
Ch

T: 
Ch

em
oth

er
ap

y, 
IO

: Im
mu

no
the

ra
py

 , I
VI

G:
 In

tra
ve

no
us

 im
mu

ng
lob

uli
ne



4

IVIG and 30 mg prednisolone. Consequently, pulse 
steroid therapy using methylprednisolone 250 mg 
was initiated for five additional days. Mild neurologic 
symptom improvement was observed under corticos-
teroid therapy. Pyridostigmine treatment 1×60 mg 
was initiated due to persistent right eye ptosis and 
positive anti-acetylcholine receptor antibody (1.07). 
Final diagnosis indicated combined disseminated 
polyneuroradiculopathy with myasthenic syndrome. 
Prednisolone and pyridostigmine 4×60 mg treatment 
was continued. 

Under combined prednisolone 60 mg and pyri-
dostigmine 4×60 mg therapy, significant improve-
ment in neurological findings was observed. 
Discontinuation of pembrolizumab treatment oc-
curred, with subsequent initiation of carboplatin, pa-
clitaxel, and cetuximab therapy. The prednisolone 
dose was reduced to 30 mg during follow-up, while 
pyridostigmine 4×60 mg treatment continued, leading 
to complete neurological recovery. Unfortunately, the 
patient passed away due to disease progression three 
months later. 

 DISCUSSION 
Immunotherapy has become a groundbreaking can-
cer treatment approach, focusing on immune check-
points and leveraging the immune system to target 
tumor cells. Although these therapies have shown no-
table therapeutic benefits, they are linked to a spec-
trum of irAEs, including neurological toxicities.1 

These irAEs can present as diverse neurological com-
plications, highlighting the need to understand their 
incidence, pathophysiology, and management in clin-
ical practice. The incidence of neurological compli-
cations associated with ICIs varies, with reported 
rates ranging from 0.1% to 6%.3 Research by Larkin 
et al. reported neurologic serious adverse events in 
6.1% of patients receiving nivolumab combined with 
ipilimumab and in 2.7% of patients treated with 
nivolumab alone.2 The range of ICI-related neuro-
logical complications includes encephalitis, menin-
gitis, myelitis, demyelinating neuropathies such as 
GBS, and MG, among others.4,5 

The exact pathophysiological mechanisms be-
hind ICI-associated neurological toxicities are not 
fully understood, but it is believed that these toxici-
ties may arise from a dysregulated immune response, 
resulting in autoimmune or inflammatory pro-
cesses.1,6 Case studies and cohort analyses suggest 
that humoral immune responses, such as the presence 
of neuromuscular and brain-reactive autoantibodies, 
may play a role in the onset of irAEs. Notably, pa-
tients with irAEs have shown a higher prevalence of 
neuromuscular autoantibodies compared to those 
without such events. Molecular mimicry may also 
contribute to the variability in irAEs across cancer 
types, potentially due to shared expression of gan-
gliosides between melanoma cells and Schwann cells, 
which form myelin around peripheral nerves. This 
hypothesis may help explain the increased neurotox-

FIGURE 1: A-B) Sagittal plane (A) and axial plane (B) post-contrast T1 weighted images showed diffuse contrast enhancement of cauda equina fibers (thick arrow). C-D: 
Axial plane post-contrast vibe images demonstrated enhancement of trigeminal nerve (C-black arrow) and vestibular nerve (D-thin arrow). 
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icity observed in certain melanoma patients.10,11 For 
instance, a case report highlighted a melanoma pa-
tient who developed autoimmune encephalitis linked 
to ICI therapy.8 

A thorough assessment of the patient’s neuro-
logical symptoms is essential, with potential symp-
toms including headaches, muscle weakness, altered 
consciousness, and seizures. A critical aspect of di-
agnosis is evaluating whether the onset of neurolog-
ical symptoms correlates with the timing of ICI 
therapy. The severity and scope of neurological in-
volvement can be assessed through diagnostic meth-
ods such as MRI, electroencephalography, and 
cerebrospinal fluid analysis. It is also crucial to ex-
clude other potential causes, including infections, 
cerebrovascular incidents (e.g., ischemia or hemor-
rhage), paraneoplastic syndromes, and cranial metas-
tases. Diagnosing neurological adverse events 
requires a comprehensive evaluation, and if my-
ocarditis is suspected, further testing-including elec-
trocardiogram, troponin levels, brain natriuretic 
peptide, CK-MB, cardiac ultrasound, and cardiac 
MRI-is recommended. Additionally, pulmonary 
function tests and video fluoroscopic swallowing 
studies can help assess restrictive syndromes and dys-
phagia associated with MG, myositis, or GBS. Al-
though rarely required, a biopsy may be considered in 
cases where there is a need to exclude alternative di-
agnoses, such as chronic pachymeningitis or persis-
tent concerns of leptomeningeal carcinomatosis, even 
if a lumbar puncture is negative.12,13 

Management of ICI-related neurological side ef-
fects generally involves discontinuing immunother-
apy and initiating corticosteroid treatment.7 In certain 
cases, additional immunosuppressive therapies, such 
as IVIG or plasmapheresis, may be necessary.5 For 
Grade 2 immunotherapy-associated MG, pyridostig-
mine combined with prednisone at an oral dose of 0.5 
mg/kg/day (or an equivalent) is recommended, with 
dosage tapering based on symptom improvement. For 
Grade 3-4 toxicity, IVIG at a total dose of 2 g/kg over 
five days or plasmapheresis is advised.9 For patients 
unresponsive to initial treatment, second-line im-

munosuppressive therapies like rituximab may be 
considered.14 Early detection and appropriate man-
agement of these neurological irAEs are crucial to 
prevent permanent neurological impairment and en-
hance patient outcomes.15 

In conclusion, although immunotherapy has 
brought significant advancements in cancer treat-
ment, awareness of its potential neurological side ef-
fects remains essential. Clinicians must be vigilant 
regarding the broad spectrum of neurological com-
plications associated with ICIs and their varying lev-
els of severity. Prompt identification and effective 
management of these adverse events are vital to re-
ducing morbidity and optimizing patient care. Fur-
ther research is needed to elucidate the 
pathophysiology of these complications and to de-
velop more targeted management strategies. 
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