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Paraneoplastic neurological syndrome (PNS) is associated with malignancies, including small-cell lung cancer. Recently, PNS
cases among patients with small-cell lung cancer (SCLC) induced by immune checkpoint inhibitors have increased. We herein
report a 66-year-old man with SCLC who developed disorientation, dysphagia, and gait disturbance after three courses of
treatment with atezolizumab. Brain magnetic resonance imaging revealed a high-intensity area in the bilateral temporal lobes.
Blood test results were positive for anti-Hu and anti-Zic4 antibodies, which led to the diagnosis of limbic encephalitis as PNS.
Some symptoms improved with intravenous administration of steroids and immunoglobulins.

1. Introduction

Paraneoplastic neurological syndrome (PNS) is caused by an
autoimmune process that develops in patients with any type
of malignancy [1, 2]. Immune checkpoint inhibitors (ICIs)
are effective treatment options for patients with malig-
nancies, including small-cell lung cancer (SCLC) [3].
However, ICIs cause inflammatory side effects by increasing
the activity of the immune system [4]. *erefore, ICIs are
presumed to be a risk factor for PNS [5, 6]. In fact, cases of
PNS induced by ICIs have recently increased [7–12].

Herein, we report a case of ICI-induced limbic en-
cephalitis developed in a patient with SCLC. *e present
report suggests that clinicians should consider the possibility
of PNS when patients develop neurological symptoms after
ICI initiation.

2. Case Report

A 66-year-old man with a history of smoking for 40 years
was referred to our hospital for abnormal chest radiograph
findings. *e patient had a history of bronchial asthma, with
no history of autoimmune diseases. Computed tomography
(CT) and positron emission tomography with 18F-fluo-
rodeoxyglucose revealed a tumor mass in the right hilum,
hilar and mediastinal lymph node swelling, and multiple
lung metastases. Brain magnetic resonance imaging (MRI)
showed no abnormal finding (Figure 1). Pathological
findings of bronchoscopy of the primary tumor revealed
SCLC. *erefore, the patient was diagnosed with extensive
disease SCLC (ED-SCLC) and was treated with carboplatin
and etoposide, and atezolizumab was initiated as first-line
chemotherapy. Treatment led to a complete response.
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*e patient developed disorientation after three courses
of chemotherapy over 2 months. Although follow-up
without any treatment was continued, the disorientation
worsened with coma. Dysphagia and gait disturbances due
to muscle weakness also developed; however, we could not
perform detailed neurological examination owing to the
state of his consciousness. Fluid-attenuated inversion re-
covery (FLAIR) imaging of brain MRI after coma devel-
opment showed a high-intensity area in the bilateral
temporal lobes (Figure 2). Furthermore, anti-Hu and anti-
Zic4 antibodies were highly detected in the blood test. *e
cerebrospinal fluid examination showed no evidence of
tumor cells or infection, including herpes simplex virus and
varicella-zoster virus (Table 1). Based on these results, anti-
Hu and anti-Zic4 antibodies-positive limbic encephalitis as
PNSwas given as the final diagnosis. As steroid pulse therapy
was initiated, the disturbance of consciousness improved.
However, dysphagia and gait disturbance showed no im-
provement. Due to this, intravenous immunoglobulin
(IVIG) therapy was also initiated leading to improvement of
dysphagia, but not with gait disturbance. BrainMRI findings
at 3 months after initiation of steroid treatment also im-
proved slightly (Figure 3), and blood test at that time showed
anti-Zic4 antibody negativity with anti-Hu antibody
persistence.

At the time of writing, 6 months have passed since the
development of limbic encephalitis, and the neurological
symptoms did not worsen. Furthermore, a complete re-
sponse was observed.

3. Discussion

In the present case, limbic encephalitis as PNS was diag-
nosed due to the following reasons. (1) Anti-Hu and anti-

Zic4 antibodies were detected in the serum at the onset of
neurological symptoms. (2) SCLC was presented at the onset
of neurological symptoms. (3) SCLC is one of the most
strongly associated tumors with PNS [7–12]. (4) MRI
revealed a high-intensity area in the bilateral temporal lobes,
which was consistent with limbic encephalitis. (5) No other
possible cause was found for disorientation, such as central
nervous system metastasis, stroke, or metabolic disorders in
blood tests and brain MRI. (6) No evidence of meningeal
carcinomatosis or infection in the cerebrospinal fluid was
found.

Anti-Hu antibody is an auto-antibody associated with
limbic encephalitis and sensory neuropathy [13]. Anti-Zic4
antibody is also associated with limbic encephalitis, cere-
bellar dysfunction, and sensory neuropathy [14]. *e MRI
findings of the patient were consistent with those of limbic
encephalitis. *erefore, the neurological symptoms, dis-
turbance of consciousness, dysphagia, and gait disturbance
were considered to be caused by anti-Hu and anti-Zic4
antibodies-positive limbic encephalitis as PNS in the present
case. Previous reports also showed several types of neuro-
logical symptoms of PNS in SCLC patients treated with ICIs
(Table 2). However, a limitation of the present case is the
non-examination of the neuronal cell surface antibodies.
Neuronal cell surface antibody-mediated autoimmune en-
cephalitis should be considered as a differential diagnosis
[15]. A diagnosis of anti-Hu and anti-Zic4 antibodies-
positive limbic encephalitis may be more likely, if neuronal
cell surface antibodies, such as anti-n-methyl-D-aspartate
(NMDA) receptor antibody, are fount to be negative.

ICI might have induced the neurological symptoms in
the present case, since one of the mechanisms of immune-
related adverse events is an increase in pre-existing auto-
antibodies [2, 12]. *e neurological symptoms occurred 2

Figure 1: Fluid-attenuated inversion recovery (FLAIR) image of
brain magnetic resonance imaging (MRI) before initiation of
treatment with immune checkpoint inhibitor reveals no abnormal
finding.

Figure 2: FLAIR image of brain MRI after development of neu-
rological symptoms reveals high-intensity area in bilateral temporal
lobes (red arrowheads).
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months after the first initiation of ICI, similar to previous
reports (Table 2). Moreover, ICI-activated autoantibodies
might be a reason why neurological symptoms were not
improved completely. *e persistence of neurological
symptoms was also similar to previous reports (Table 2). ICI-
induced PNS cases may be relatively rare in non-small-cell
lung cancer patients, with only a few cases reported pre-
viously [16, 17]. Clinicians should consider the possibility of
PNS especially when patients with SCLC complain of
neurological symptoms after initiation of ICIs, especially
after several months.

*ere is no established treatment for most cases of
PNS. However, corticosteroids and other immunosup-
pressive drugs, such as cyclophosphamide or tacrolimus,
IVIG, and plasma exchange, are often used in clinical
practice [1]. In the present case, methylprednisolone and

IVIG were used to treat PNS, and the disturbance of
consciousness and dysphagia improved. However, gait
disturbance did not improve. In previous cases, meth-
ylprednisolone and IVIG were the most frequently used
treatments for PNS, but only a few patients had improved
neurological symptoms completely (Table 2). Informa-
tion about the appropriate treatments for PNS is needed
in the future.

*ere are some limitations of present case. First,
the examination of the neuronal cell surface antibodies
was not performed. Second, other causes of limbic en-
cephalitis, such as primary autoimmune encephalitis
or iatrogenic encephalopathy, could not be ruled out
completely.

In conclusion, we described a case of ICI-induced limbic
encephalitis as PNS and reviewed the literature on cases of

Table 1: Laboratory findings at the onset of PNS.

Anti-neuronal antibodies Cerebrospinal fluid
Amphiphysin Negative Appearance Clear
CV2 Negative Cell count 5 /μl
PNMA2 Negative Poly 0 %
Ri Negative Mono 100 %
Yo Negative Protein 94 mg/dl
Hu 3+ Glucose 72 mg/dl
Recoverin Negative ADA ≦1 U/l
SOX1 Negative HSV-PCR Negative
Titin Negative VZV-PCR Negative
Zic4 3+
GAD65 Negative Cytology Class I
Tr Negative Culture Negative
ADA, adenosine deaminase; HSV, herpes simplex virus; VZV, varicella-zoster virus.

Figure 3: FLAIR image of brain MRI after development of neurological symptoms reveals slight improvement of high-intensity area in
bilateral temporal lobes (red arrowheads).

Case Reports in Immunology 3



Ta
bl

e
2:

D
et
ai
ls
of

ca
se
s
of

PN
S
in
du

ce
d
by

IC
I
in

SC
LC

pa
tie
nt
s.

N
o.

A
ge

Se
x

C
ou

nt
ry

IC
I

A
nt
ib
od

y
PN

S
PN

S
sy
m
pt
om

s
Ti
m
e
to

on
se
t

Tr
ea
tm

en
t
fo
r
PN

S
O
ut
co
m
e

Re
fe
re
nc
es

1
76

M
Ja
pa
n

A
te
zo
liz
um

ab
C
RM

P5
St
ri
at
al

en
ce
ph

al
iti
s

Fo
rg
et
fu
ln
es
,i
rr
ita

bi
lit
y

5
m
on

th
s

M
et
hy
lp
re
dn

iso
lo
ne

Im
pr
ov
ed

[7
]

2
70

M
Ja
pa
n

A
te
zo
liz
um

ab
H
u,

SO
X
1

Se
ns
or
y

po
ly
ne
ur
op

at
hy

Ta
ct
ile

an
d
pa
in

di
st
ur
ba
nc
es

1
m
on

th
IV

IG
N
ot

im
pr
ov
ed

[8
]

3
66

F
C
hi
na

Si
nt
ili
m
ab

H
u

En
ce
ph

al
iti
s

Fo
ca
ls
ei
zu
re
s

1.
5

m
on

th
s

M
et
hy
lp
re
dn

iso
lo
ne

Im
pr
ov
ed

[9
]

4
62

F
U
SA

N
iv
ol
um

ab
H
u

Se
ns
or
y

po
ly
ne
ur
op

at
hy

N
um

bn
es
s
in

ha
nd

s
an
d

fe
et
,t
re
m
or
,l
os
s
of

de
xt
er
ity

,g
ai
t
at
ax
ia

a
fe
w

da
ys

M
et
hy
lp
re
dn

iso
lo
ne
,

IV
IG

N
ot

im
pr
ov
ed

[1
0]

5
71

F
Sw

itz
er
la
nd

N
iv
ol
um

ab
+
ip
ili
m
um

ab
H
u

Li
m
bi
c

en
ce
ph

al
iti
s

Sh
or
t-
te
rm

m
em

or
y

de
fic
its

4
da
ys

M
et
hy
lp
re
dn

iso
lo
ne
,

na
ta
liz
um

ab
Im

pr
ov
ed

(n
ot

co
m
pl
et
el
y)

[1
1]

6
46

M
Fr
an
ce

Pe
m
br
ol
iz
um

ab
H
u

Se
ns
or
y

ne
ur
op

at
hy

Pa
in
fu
lp

ar
es
th
es
ia
,g

ai
t

di
st
ur
ba
nc
e

3
m
on

th
s

M
et
hy
lp
re
dn

iso
lo
ne
,

IV
IG

Im
pr
ov
ed

(t
em

po
ra
ry
)

[1
2]

7
71

M
Fr
an
ce

A
te
zo
liz
um

ab
H
u

En
ce
ph

al
iti
s

D
iz
zi
ne
ss
,v

om
iti
ng

,
di
pl
op

ia
,g

ai
t
di
st
ur
ba
nc
e

2
m
on

th
s

IV
IG

Im
pr
ov
ed

(n
ot

co
m
pl
et
el
y)

[1
2]

Pr
es
en
t

ca
se

66
M

Ja
pa
n

A
te
zo
liz
um

ab
H
u,

Zi
c4

Li
m
bi
c

en
ce
ph

al
iti
s

D
iso

ri
en
ta
tio

n,
dy
sp
ha
gi
a,

ga
it
di
st
ur
ba
nc
e

2
m
on

th
s

M
et
hy
lp
re
dn

iso
lo
ne
,

IV
IG

Im
pr
ov
ed

(n
ot

co
m
pl
et
el
y)

PN
S,

pa
ra
ne
op

la
st
ic

ne
ur
ol
og
ic
al

sy
nd

ro
m
e;
IC

I,
im

m
un

e
ch
ec
kp

oi
nt

in
hi
bi
to
r;
SC

LC
,s
m
al
l-c

el
ll
un

g
ca
nc
er
.

4 Case Reports in Immunology



PNS induced by ICI in SCLC patients. Clinicians should
consider the possibility of PNS when patients with SCLC
develop neurological symptoms after ICI initiation.
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