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Abstract:

A 65-year-old man treated with atezolizumab plus bevacizumab for hepatocellular carcinoma was admitted
to our hospital with a fever, difficulty in moving, and aphasia. The patient became comatose immediately af-
ter admission. Imaging and cerebral fluid tests revealed no evidence of malignancy or infection. A diagnosis
of atezolizumab-induced encephalitis was made, and steroid pulse therapy was initiated on admission, imme-
diately after which the patient regained consciousness and was able to talk and walk. He was discharged with
slight paralysis of his legs and was able to resume chemotherapy. An early diagnosis and treatment are re-

quired to improve the prognosis of encephalitis.

Key words: encephalitis, atezolizumab, immune checkpoint inhibitors, immune-related adverse events,

hepatocellular carcinoma

(Intern Med 64: 1181-1187, 2025)
(DOI: 10.2169/internalmedicine.4321-24)

Introduction

Hepatocellular carcinoma (HCC) is the sixth most-
common malignant tumor worldwide (1). In Barcelona
Clinic Liver Cancer prognosis and treatment strategy, sys-
temic therapy is recommended for patients at advanced or
intermediate stages who are unsuitable for transarterial
chemoembolization (TACE) (2). In 2019, treatment with
molecular-targeting agents, including sorafenib (3), regoraf-
enib (4), lenvatinib (5), and ramucirumab (6), was the stan-
dard treatment for patients with unresectable HCC, vascular
invasion, or extrahepatic metastasis in Japan. In 2020, com-
bination therapy with immune checkpoint inhibitors (ICIs),
atezolizumab (ATZ), and bevacizumab (BEV) was approved
as first-line therapy in Japan (7).

ICIs have dramatically advanced the treatment of various
cancers, including HCC. ICIs, including anti-programmed
cell death protein (PD)-1, anti-PD-ligand 1, and anti-
cytotoxic T lymphocyte antigen-4, can induce tumor cell
death by activating cytotoxic T cell responses and inhibiting

tumor-induced immunosuppression (8). In contrast, T cell
activation may
(irAEs) primarily affecting the gastrointestinal tract, liver,
and endocrine system, occurring in up to 65% of patients
treated with ICIs (9). Notably, neurological irAEs (NirAEs)
occur in an estimated 1-6% of ICI-treated patients, with pos-
sible sequelae that affect the quality of life or even fatal out-
comes (8).

We herein report a case of ATZ-induced encephalitis in a
patient with HCC.

induce immune-related adverse events

Case Report

In February 2021, a 65-year-old man was admitted to our
hospital with a 25-mm tumor in segment 4 of the liver. He
had been undergoing treatment for hypertension and dyslipi-
demia for 30 years and had been receiving treatment for dia-
betes for 5 years. He consumed 90 g of alcohol daily. He
was diagnosed with HCC and successfully treated with
TACE. However, the HCC soon recurred, and TACE was
performed again in June 2021. Lung metastases were de-
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Table 1.

Laboratory Findings on Admission.

Hematologic test

‘White blood cell 4,700 /uL
Neutrophil 84 %
Lymphocyte 7 %
Monocyte 9 %
Eosinophil 0 %
Basophil 0 %
Red blood cell 400x10* /uL
Hemoglobin 12.1 g/dL
Platelet 10.8x10* /uL.
Coagulation

PT 116.9 %
APTT 275s

FDP 6.4 ng/mL
D-dimer 3.5 pg/mL

Chemistry
Total protein
Albumin
Total bilirubin
AST

ALT

LD

ALP

v-GTP
Ammonia

BUN
Creatinine
Sodium
Potassium
Chloride
Calcium

CRP
Procalcitonin
B-D glucan

5.8 g/dL
3.0 g/ldL
0.9 mg/dL
116 U/L
65 U/L
355 U/L
58 U/L
75 U/L
28 pg/dL

25 mg/dL
1.3 mg/dL
139 mmol/L
4.4 mmol/L
106 mmol/L
7.9 mg/dL

10.0 mg/dL
0.34 ng/mL
<6.0 pg/mL

TSH
Free T3
Free T4
ACTH
Cortisol

Anti-nuclear antibody
1gG
IgA
IeM

Alpha fetoprotein
PIVKA-II

HBs-antigen
HBs-antibody
HBc-antibody
HCV-antibody

0.47 plU/mL
2.18 pg/mL
1.08 ng/dL
80.9 pg/mL
39.3 pg/dL

<80 negative

868 mg/dL

304 mg/dL
26 mg/dL

376 ng/mL
6,589 mAU/mL

Negative
Negative
Negative
Negative

PT: prothrombin time activity, APTT: activated partial thromboplastin time, FDP

: fibrin/fibrinogen degradation product, AST: aspartate

aminotransferase, ALT: alanine aminotransferase, LD: lactate dehydrogenase, ALP: alkaline phosphatase, y-GTP: y-glutamy] transpeptidase,
BUN: blood urea nitrogen, CRP: C-reactive protein, TSH: thyroid stimulating hormone, ACTH: adrenocorticotropic hormone, Ig: immuno-
globulin, PIVKA-II: protein induced by vitamin K absence or antagonists-II, HBs: hepatitis B surface, HBc: hepatitis B core, HCV: hepatitis

C virus
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Clinical course of treatment before administration of atezolizumab and bevacizumab. A:

Enhanced computed tomography (CT) during the first transarterial chemoembolization (TACE) ses-
sion showing a hypovascular tumor in segment 8 of the liver (arrow). B: Enhanced CT after the sec-
ond TACE session showing a new hypovascular tumor in segment 6 of the liver. C, D: Chest CT after
the second TACE session showing multiple lung metastatic nodules. E: Abdominal CT showing bone
metastasis at the 12th thoracic vertebra (arrowhead).

tected in September 2021; thus, oral administration of len-
vatinib 12 mg per day was initiated. In December 2021, the
patient underwent radiation therapy for a metastatic bone tu-
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mor in the 12th thoracic vertebra. In March 2022, ATZ/BEV
therapy was initiated due to the progression of lung metasta-
ses (day 1) (Fig. 1). He was discharged from our hospital on
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Figure 2.

Image findings on admission. A: Head computed tomography (CT). B: T2-weighted mag-

netic resonance imaging (MRI). C: Fluid-attenuated inversion recovery MRI. D: Diffusion-weighted
MRI. Neither head CT nor MRI showed obvious abnormalities.

day 4 without any adverse events. However, on day 16, he
experienced general malaise, and on day 17, he developed a
headache, fever, and aphasia, leading to admission to our
hospital.

On admission, the patient presented with impaired con-
sciousness, aphasia, difficulty moving (Glasgow Coma Scale
E4V1M4), high fever (38.9°C), urinary incontinence, and
drooling. His height was 163.1 cm, and his body weight
was 71.4 kg. An examination of the head, neck, chest, abdo-
men, and limbs revealed no abnormalities. Although several
neurological evaluations could not be performed owing to
the lack of obedience, there were no obvious neurological
abnormalities, such as meningeal irritation.

Laboratory findings showed elevated transaminase and 7y-
glutamyl transpeptidase levels and strong positivity for C-
reactive protein (Table 1). Increases in adrenocorticotropic
hormone and cortisol levels were also observed, but our en-
docrinologist determined that these elevations were physi-
ological and had little relation to disturbance of conscious-

ness. Neither head computed tomography nor magnetic reso-
nance imaging (MRI)
(Fig. 2). Furthermore, a cerebrospinal fluid (CSF) test re-
vealed increased protein levels (Table 2).

After admission, as the patient rapidly became uncon-
scious and comatose, steroid pulse therapy (methylpredniso-
lone 1,000 mg for 3 days) was administered in combination
with acyclovir (ACV) and piperacillin/tazobactam (PIPC/
TAZ) (Fig. 3). On day 2 of hospitalization, he regained con-
sciousness and was able to communicate verbally; on day 5,
he was able to walk. A gadolinium-enhanced MRI of the
head performed on day 6 did not show any abnormalities.
Herpes simplex virus (HSV) polymerase chain reaction
(PCR) in the CSF, 12 paraneoplastic neurological syndrome
(PNS)-related antibodies, and culture tests (including blood,
urine, and CSF) performed at the time of admission were all
negative (Table 2); thus, administration of ACV and PIPC/
TAZ was discontinued on day 6. The steroid dose was ta-
pered, and the patient was discharged on day 31 with slight

showed obvious abnormalities
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Table 2. Laboratory Findings in Cerebrospinal Fluid, Serum Analysis and Culture Tests Results.

Infectious parameters

CMV-IgG Positive Anti-amyphiphysin antibody
CMV-IgM Negative Anti-CV2 antibody
HSV-IgG Positive Anti-Ma2/Ta antibody
HSV-IgM Negative Anti-Ri antibody
VZV-IgG Positive Anti-Yo antibody
VZV-IgM Negative Anti-Hu antibody
Measles-1gG Positive Anti-recoverin antibody
Measles-IgM Negative Anti-SOX1 antibody
Candida antigen Negative Anti-titin andibody
Aspergillosis antigen ~ Negative Anti-GADG5 antibody
Cryptococcus antigen ~ Negative Anti-DNER antibody

Paraneoplastic and autoimmune parameters

Cerebrospinal fluid

Negative Cell count 7 /uL
Negative Protein level 146 mg/dL
Negative Glucose level 72 mg/dL
Negative HSV-PCR Negative
Negative Cytology No malignancy
Negative

Negative Culture tests

Negative Blood Negative
Negative Urine Negative
Negative Cerebrospinal fluid Negative
Negative

PNS: paraneoplastic neurological syndrome, CMV: cytomegalovirus, HSV: herpes simplex virus, VZV: varicella zoster virus, Ig: immunoglobulin, PCR:

polymerase chain reaction

ACV
PIPC/TAZ
Atezol.lzumab mpsL [ 1g [ — PSL (mg)
Bevacizumab 80 50
40 30 25 20
CRP
(mg/dL) GCS
12 3% r 15
GCS
9 12
HSV-PCR negative
6 9
| Gadolinium-enhanced MRI
3 e 1 L 6
CrP g
0 - L3
1 4 15 1718 22 26 33 42 50 Days
{3}
| Admission I | Able to walk |

I Conversation possible |

Figure 3. Clinical course of treatment after administration of atezolizumab and bevacizumab.
ACV: acyclovir, PIPC/TAZ: piperacillin/tazobactam, mPSL: methylprednisolone, PSL: predniso-
lone, CRP: C-reactive protein, GCS: Glasgow Coma Scale, HSV: herpes simplex virus, PCR: poly-

merase chain reaction, MRI: magnetic resonance imaging

leg paralysis. During hospitalization, imaging findings
showed no cancer progression, and no increase in tumor
markers was observed. Two months after discharge, steroid
therapy was discontinued, and chemotherapy with sorafenib
was resumed; however, he died of progressive disease 10
months later.

Discussion

We herein report a case of ATZ-induced encephalitis in a
patient with HCC. Although he fell into a coma immediately
after admission, the coma and accompanying aphasia im-
proved the day after the administration of steroid pulse ther-
apy.

NirAEs include myasthenia gravis/myasthenic syndrome,
aseptic meningitis, autoimmune encephalitis, sensory motor
neuropathy, Guillain-Barré-like syndrome, painful sensory
neuropathy, enteric neuropathy, transverse myelitis, and pos-

terior reversible encephalopathy syndrome (10). NirAEs oc-
cur in 1-6% of patients treated with ICIs. Severe NirAEs
grade >3 occurred in <1% of the patients. In particular, en-
cephalitis is a rare event with an incidence of 0.1-0.2% (11).
Encephalitis presents with a variety of clinical manifesta-
tions, including a headache, fever, impaired consciousness,
ataxia, convulsions, and hallucinations (12). Approximately
half of patients have abnormal findings on head MRI,
mainly characterized by high signal intensity on T2-
weighted imaging and fluid-attenuated inversion recovery
(FLAIR) (13). Velasco et al. reported that antineuronal
autoantibody positivity and abnormal MRI findings were as-
sociated with poor outcomes, whereas a fever and more in-
flammatory changes in the CSF were associated with better
outcomes (13).

For the diagnosis of NirAEs, it is important to rule out
central nervous system progression of cancer, infection, and
metabolic derangement, including hypophysitis, adrenal in-
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Table 3. Case Reports of Encephalitis Due to Atezolizumab.

Refer- Disease Age Gen-  Onset of Symptoms Cerebrqsplnal MRI findings Treatment Prognosis
ence der symptoms fluid
14 HCC 68 Male Dayl3 Fever, difficulty Not performed Normal mPSL 1 g for Immediate improve-
moving 3 days ment after steroid
therapy
Discharged on Day 54
15 HCC 42 Female Day 13 Fever, impaired High cell count, Hyperintensity inthe =~ mPSL 1 gfor  Convulsion improved
consciousness, elevated protein  corpus callosum on 3 days on Day 16, fever
convulsion levels T2 image, FLAIR improved on Day 18
image and DWI Aftereffects: right
Hyperintensity in left hemiparesis, right
cerebral cortex on hemi-spatial neglect,
DWI aphasia
Died on Day 110
16 HCC 70 Female Day 11 Cognitive impair-  High cell count, Normal mPSL 100 mg on  Severe neurological
ment, aphasia, elevated protein Day 13-15 aftereffects
impaired conscious- levels mPSL 1 g on Day Died on Day 77
ness 21-24
Plasma exchange,
tracheal intubation
17 HCC 68 Male Dayl4 Fever, impaired Elevated protein Old cerebral infarction mPSL 1 gon Day Immediate improve-
consciousness levels 16-18 ment after steroid
therapy
Discharged on Day 38
Received lenvatinib
therapy on Day 60
18 NSCLC 56 Male Dayll Fever, impaired High cell count, Normal mPSL 1 gon Day Discharged on Day 26
consciousness, elevated protein 12-14 without aftereffects
aphasia levels Commencement of
docetaxil/ramucirumab
combination therapy
19 NSCLC 78 Male Day 14 Fever, impaired High cell count, Normal mPSL 1 g for Improved
consciousness elevated protain 5 days
levels
20 NSCLC 48 Male Day 17 Fever, headache, High cell count, Hyperintensity in ~ mPSL 1 g on Day Paresthesia of the
impaired conscious- elevated protein bilateral temporal lobe 20-22, limbs remained
ness, convulsions levels on FLAIR image immunoglobulin
21 NSCLC 72 Female 30 weeks Gait disorder, Elevated I1gG Hyperintensity in Steroid therapy, Bedridden
impaired conscious- levels, oligoclonal  bilateral thalamus ~ immunoglobulin 9 Died of aspiration
ness band positive weeks after onset pneumonia 7 months
after onset of encepha-
litis
22 NSCLC 48 Female Day 14 Fever, disorientation, High cell count, Pachy- and leptomen- mPSL 1 gfor = Complete resolution 1
memory impairment, elevated protein ingitis 3 days year after onset
aphasia and glucose levels
23 SCLC 66 Male 2 months Disorientation, High protein Hyperintensity in Steroid pulse Dysphagia improved,
(after three ~ dysphagia, gait levels bilateral temporal  therapy, immuno- but gait disturbance did
courses) disturbance lobes on FLAIR globlin not
image
24 Cervical 53 Female Day 14 Impaired conscious- High cell count  Diffuse leptomenin- High dose steroid No aftereffects
ness, headache, geal enhancement
meningeal signs
25 Breast 38 Female Day 11 Fever, impaired Inframmatory Diffuse subtle Dexamethasone 24  Discharged 2 weeks
consciousness, cells hyperintensity in the mg daily tracheal  after admission with
convulsion sulci on T2 image intubation mild lower extremity
weakness and numb-
ness
26 Breast 65 Female Day 53 Coma, respiratory ~ Not performed Hyperintensity in Steroid therapy Dead
failure cerebellar hemisphere,
vermis of the cerebel-
lum, bilateral frontal
lobe, temporal lobe,
parietal lobe and
occipital cortex on T2
and DWI image
27 Bladder 59 Female Day 13 Confusion, spastic Rare lymphocytes A 1-cm metastasis in Steroids Recovery with residual
tremors central nervous weakness
system Died of progressive
disease
28 Bladder 49 Male Day 14 Coma, convulsion 50 white blood  Diffuse leptomenin-  Steroids, immuno- Resolved
cells geal enhancement globlin Died of progressive
disease
Our HCC 65 Male Dayl6 Fever, difficulty High cell count, Normal mPSL 1 g for Immediate improve-
case moving, coma, elevated protein 3 days ment after steroid

aphasia

levels

therapy, discharged on
Day 50
Died 12 months after
onset of encephalitis

HCC: hepatocellular carcinoma, NSCLC: non-small-cell lung cancer, SCLC: small-cell lung cancer, Ig: immunoglobulin, MRI: magnetic resonance imaging,
FLAIR: fluid-attenuated inversion recovery, DWI: diffusion-weighted imaging, mPSL: methylprednisolone
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sufficiency, and hypothyroidism, as causes of neurological
symptoms (10). In the present case, a metastatic brain tu-
mor, bacterial meningitis, endocrine abnormalities, and he-
patic encephalopathy were ruled out based on blood tests,
MRI findings, and CSF tests at admission. Autoimmune en-
cephalitis due to NirAEs was suspected based on the clinical
course up to admission, but the possibility of encephalitis
due to HSV, bacteria, or PNS could not be ruled out. How-
ever, the patient’s consciousness worsened rapidly after ad-
mission, and sudden respiratory arrest and severe sequelae
were possible. Therefore, we decided to start steroid pulse
therapy on the day of admission while using both antibiotics
and antiviral drugs, and as a result, the patient’s neurological
symptoms improved rapidly. HSV-PCR at the time of admis-
sion was later negative, and since the patient recovered with
steroid pulse therapy, infectious encephalitis and PNS were
ruled out, and ATZ-induced encephalitis was diagnosed.
Table 3 shows the clinical characteristics of patients with
encephalitis due to ATZ reported previously (14-28). The
most common symptom is impaired consciousness, includ-
ing coma, followed by a fever; the present case had both
symptoms. Touat et al. reported that encephalitis developed
4-28 weeks after ICIs administration (11). However, in most
reported cases, including ours, severe neurological symp-
toms appeared approximately two weeks after the first ad-
ministration of ATZ. In addition, T2-weighted imaging,
FLAIR, and diffusion-weighted MRI showed high intensity
in many cases, but in some cases, including the present
case, no obvious abnormalities were observed. The CSF
showed an increase in cell count and high protein levels in
many cases, including our case. Patients who were treated
with high-dose methylprednisolone from an early stage after
the onset often experienced improvement in symptoms, but
those who received a low dose of steroids or whose thera-
peutic intervention was delayed had aftereffects or died. Our
patient was also treated with high-dose methylprednisolone
immediately after admission, which improved the symptoms
and allowed him to continue treatment for HCC. The Work-
ing Group of The Japanese Society of Pharmaceutical On-
cology recommends steroid pulse therapy, intravenous im-
munoglobulin, and blood purification therapy if grade >3 en-
cephalitis does not improve after administration of 1-2 mg/
kg/day prednisolone (29). However, taking our results to-
gether with the results of previous reports, it may be neces-
sary to consider starting aggressive treatment such as steroid
pulse therapy as soon as possible. Indeed, our patient re-
ceived steroid pulse therapy immediately after admission, re-
sulting in discharge without major sequelae and allowing for
the resumption of chemotherapy. Graus et al. proposed initi-
ating early treatment even before antibody test results if the
clinical course and laboratory findings suggested autoim-
mune encephalitis (30). If the patient responds well to ster-
oid therapy, it is recommended that oral steroids be tapered
over approximately four to six weeks (31). However, it has
also been reported that a maintenance dose such as 5-10
mg/day may be required to prevent disease relapse (32).

Patients with pre-existing neurological autoimmune dis-
eases were likely to be in the high-risk group. Eight patients
with a history of multiple sclerosis experienced rapid pro-
gression of neurological symptoms after treatment with
pembrolizumab and nivolumab (33). Paraneoplastic antibod-
ies are associated with various neurological diseases, and
their presence may increase the risk of encephalitis (34, 35).
However, in the present case, all 12 types of antibodies were
negative, and a previous review reported that 48% of pa-
tients with ICI-associated encephalitis were negative for
paraneoplastic antibodies (36). Individual risk factors for
irAEs have been studied, and a previous report suggested
that the gastrointestinal flora was associated with altering
the efficacy and toxicity of immunotherapy (37). However,
the relationship between acquired factors, including lifestyle
habits such as smoking and drinking, and irAEs has not
been clarified.

There is no preventive measure for NirAEs, especially in
patients who are not predisposed to autoimmune diseases.
Furthermore, it is often difficult to perform adequate exami-
nations during a severe course. In the present case, with the
cooperation of a neurologist, we were able to promptly di-
agnose and treat the patient based on the MRI and CSF re-
sults. In cases where neurological symptoms develop during
ICI treatment, prompt and appropriate treatment should be
provided in cooperation with a neurologist.

The authors state that they have no Conflict of Interest (COI).
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