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Introduction

T cells play a critical role in the initiation and development 
of various cancers (1). During infection and inflammation, 
antigens are presented as major histocompatibility complex 
(MHC) to naive T cells by antigen-presenting cells (APCs), 
heterogeneous immune cells including macrophages, 
dendritic cells and B cells (2). These MHC could lead to 
T cell activation through interaction with T cell receptor/

cluster of differentiation 3 (TCR/CD3) complex (3). The 
TCR/CD3 complex mainly includes two TCR chains (αβ 
or γδ heterodimer) and six chains of CD3 dimers (CD3ϵγ, 
CD3ϵδ and CD3ζζ) (4). Functionally, the TCR co-receptors 
CD4 and CD8 help TCR/CD3 complex to recognize and 
select antigens on MHC molecules (CD4, MHC class II; 
CD8, MHC class I) (2). Besides, T cell activation requires 
TCR costimulatory receptor CD28, which is involved 
in many processes such as differentiation, cytokines 
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production and proliferation (5). In contrast, the coinhibitory 
checkpoint includes cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4), programmed cell death 1 (PD-1), and 
PD-1 ligand 1 (PD-L1) (6). CTLA-4 is highly homogenous 
to CD28 and has high binding capacity with B7-1 (CD80) 
and B7-2 (CD86). However, binding of CTLA-4 with B7 
does not stimulate T cells (7). PD-1 and its ligand PD-L1 
are also a key coinhibitory receptor which can lead to T 
cell inhibition through different signaling pathways (8,9). 
These immune checkpoints prevent the immune system 
from attacking healthy cells indiscriminately (10), however, 
sustained expression of CTLA-4/PD-1/PD-L1 could 
induce decreased T cell effector function (T cell exhaustion) 
and lead to cancer immune evasion (11). 

Immune checkpoint inhibitors (ICIs) refer to monoclonal 
antibodies (mAbs) against CTLA-4/PD-1/PD-L1, which 
could activate T cell and kill cancer cells (6,12). These 
ICIs have been extensively used as anti-tumor agent in 
clinical practice (6,12). Among them, camrelizumab, a 
PD-1 antibody (13,14), has been used as first-line drug for 
the treatment of many cancers including lung cancer (15), 
hepatocellular carcinoma (16) gastric adenocarcinoma (17) 
and head/neck cancer (18). Camrelizumab-related side 
effects need much attention considering its wide usage in 
the treatment of cancers. For example, it has been reported 
that camrelizumab could induce immune-related adverse 
events (irAEs) including pneumonitis (19), hepatitis (20), 
myocarditis (21) and myositis (22). However, camrelizumab-
related central neuropathy such as encephalitis is rare and 
no confirmed therapy has been reported. 

It has been reported that lung cancer accounts for 85% 
of cancer cases, and diagnosis is mainly made in the late 

stage or metastasis of the disease (23). In the present study, 
we reported a patient, with squamous cell carcinoma (SCC) 
of the lung, a type of non-small cell lung cancer (NSCLC), 
showed typical encephalitis symptoms including systemic 
fatigue, numbness of extremities and walking instability one 
month after anti-tumor immunotherapy with camrelizumab. 
Importantly, the total protein in cerebrospinal fluid (CSF) 
was significantly elevated (1,399 vs. normal value 50– 
150 mg/L). It is concluded that encephalitis may be an irAE 
of camrelizumab in this patient. We present this case in 
accordance with the CARE reporting checklist (available at 
https://acr.amegroups.com/article/view/10.21037/acr-24-
58/rc).

Case presentation

A timeline of the treatment is provided in Figure 1. At the 
beginning of November 2020, a 67-year-old man was found 
a mass in the upper lobe of the left lung during physical 
examination, and the postoperative pathological results 
showed that it was SCC in the upper lobe of the left lung. 
There were no financial, language or culture challenges 
during the diagnosis. The immunohistochemistry was as 
follows: NapsinA(−), p40(+), TTF-1(−), CgA(−), Syn(−), 
Ki-67(∼50+), CK5/6(+), CK34βE12(+) (Figure 2). On 1 
December 2020 and 25 January 2021, the patient received 
three cycles of carelizumab 200 mg + 400 mg paclitaxel 
(albumin binding type) + 500 mg carboplatin. 

One month after the treatment (19 February 2021), 
the patient complained of general fatigue, numbness of 
extremities and unstable walking. No medical, family, and 
psycho-social history were noted for this patient. On 22 
February 2021, the patient did not get better after two days 
of intravenous injection of neurotrophic drugs including 
thioctic acid (1.2 g) and cobamamide (1.5 mg) once daily. 
Then, further examinations were performed. Brain T2-
fluid attenuated inversion recovery (T2-FLAIR) magnetic 
resonance imaging (MRI) showed that T2 weighted image 
(T2WI) and FLAIR sequences had a few patchy with high 
signal shadows in the parietal lobe of both frontal lobes, 
while these on T1 weighted image (T1WI) and FLAIR 
sequences were normal. No abnormal enhanced patchy was 
found with enhanced brain parenchyma. The shape, size and 
signal of the ventricular system were normal. The midline 
structure of the brain was in the middle. The shape, size, 
and signal of cistern and sulcus were normal. The structure 
of saddle area was normal. There were no pathological 
changes in the structure and signal of skull base. There was 
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no brain metastasis of the tumor (Figure 3). On 3 March 
2021, the patient showed an increased protein level of CSF 
(1,399 vs. normal value 50–150 mg/L) and glucose (4.7 vs. 
normal value 6.0 mmol/L). The patient reported no history 
of basic diseases such as diabetes, cardiovascular diseases, 
hyperlipidemia, cerebrovascular diseases or autoimmune 

diseases. Based on these results, this patient was diagnosed 
as immune-related encephalitis induced by carrelizumab. 

Then, the patient was started with high-dose intravenous 
methylprednisolone (MP) on 3 March 2021. Days 1–4:  
500 mg MP, the patient still felt numb in lower limbs, and 
his walking instability was slightly improved; days 5–10:  

Dec 1, 2020–
Jan 25, 2021

Feb 19–22 
2021

Mar 3–18 
2021

Mar 19–23 
2021

Carelizumab 200 mg
+

Paclitaxel 400 mg
+

Carboplatin 500 mg

Thioctic acid 1.2 g
+

Cobamamide 1.5 mg 

Methylprednisolone
Days 1–4 500 mg

Days 5–10 120 mg
Days 11–15 60 mg

Prednisone acetate
Days 16–30 30 mg

Figure 1 A detailed clinical timeline is displayed. In November 2020, the patient was diagnosed with lung cancer. On 1 December 2020 
and 25 January 2021, the patient was started on an immunotherapy regimen containing carelizumab 200 mg + paclitaxel 400 mg (albumin 
binding type) + carboplatin 500 mg for three cycles. The immune-related encephalitis was onset on 19 February 2021. On 19 February 
2021, the patient was treated with two days of intravenous injection of neurotrophic drugs including thioctic acid injection (1.2 g) and 
cobamamide (1.5 mg) once daily, but this treatment failed to work. Then, the patient was started with high-dose intravenous injection of MP 
on 3 March 2021. Days 1–4: 500 mg MP, the patient still felt numb in lower limbs, and his walking instability was slightly improved; days 
5–10: 120 mg MP; days 11–15: 60 mg MP. From the 16th day, MP was stopped and prednisone acetate tablets 30 mg was given orally once 
daily to continue the treatment. After these treatments, immune-related encephalitis was totally reversed. MP, methylprednisolone.

Figure 2 Immunohistochemistry result of tumor cells (×400): (A) CK5/6; (B) CK34βE12; (C) Ki-67; (D) p40.
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120 mg MP; days 11–15: 60 mg MP. After the treatments, 
the numbness of the patient’s limbs was better than before, 
and he could walk on the ground. From the 16th day, 
MP was stopped and prednisone acetate tablets 30 mg was 
given orally once daily to continue the treatment. Direct 
questioning of the patient was used to assess the intervention 
adherence and tolerability. On 23 March 2021, it was found 
that lactate dehydrogenase (LDH) and glucose in CSF 
increased slightly, and red cell count in CSF significantly 
decreased (Table 1). Of note, total protein in CSF decreased 

A B

C D

Figure 3 T2WI and T2-FLAIR sequences showed a few patchy with high signal shadows in the parietal lobe of both frontal lobes, while 
those on T1WI (B,D) and FLAIR (A,C) sequences were normal. No abnormal enhanced patchy was found with enhanced brain parenchyma 
(red arrow). The shape, size and signal of the ventricular system are normal. The midline structure of the brain is in the middle (green 
arrow). The shape, size and signal of cistern and sulcus were normal (blue arrow). The structure of saddle area is normal. There were no 
pathological changes in the structure and signal of skull base. Progression of changes seen between January 2021 (A,B) and February 2021 
(C,D) while on carelizumab. In addition, both magnetic resonance imaging showed no pathological changes in the skull base structure, and 
the patient had no brain metastasis of the tumor. T2WI, T2 weighted image; T2-FLAIR, T2-fluid-attenuated inversion recovery.

Table 1 Cerebrospinal fluid analysis

Parameters 3 March 2021 23 March 2021

Red cell count (/μL) 186 26

White cell count (/μL) 10 10

LDH (U/L) 154 199

Cl− (mmol/L) 127 121

Glucose (mmol/L) 4.7 6.3

Total protein (mg/L) 1,399 873

LDH, lactate dehydrogenase. 
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from 1,399 mg/L before treatment to 873 mg/L after 
treatment, indicating that the CSF protein level was 
significantly improved. In addition, white cell count and 
Cl− content in CSF remained unchanged compared with 
that measured on 3 March 2021. The follow-up one month 
later showed that immune-related encephalitis completely 
disappeared. During the last follow-up one year after the 
onset of immune-related encephalitis, the patient showed 
no recurrence of neurological symptoms. There were no 
adverse and unanticipated events after the usage of this 
treatment. Therefore, the present study may provide some 
useful information on the treatment and outcome of PD-1-
induced encephalitis. 

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient for the publication of this 
case report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal. 

Patient perspective

“One month after anti-tumor camrelizumab treatment, I 
felt fatigue, numbness in the limbs, and I was not able to 
walk stably. Then I went to The First People’s Hospital of 
Jiashan. After a series of examinations, I was diagnosed as 
camrelizumab-related encephalitis. I did not get better after 
intravenous injection of neurotrophic drugs. I was happy 
that the symptoms mentioned above completely disappeared 
after treatment with different dosage of MP.” 

Discussion

In the present study, we reported the diagnosis and 
treatment of a patient with SCC of the lung. One month 
after the treatment with camrelizumab, this patient was 
clinically diagnosed as immune-related encephalitis as 
evidenced by increased CSF total protein, general asthenia, 
numbness of extremities and walking instability. This 
toxicity still occurred, although the dose of camrelizumab 
was only used for 3 cycles (200 mg). Of note, the patient’s 
clinical symptoms were totally relieved after treatment with 
high-dose MP and prednisone acetate. 

The mechanisms and management of side effects of 
ICIs such as camrelizumab should be paid much attention, 
considering its wide application in the treatment of various 

cancers (24). It has been reported that there was sustained 
PD-1 expression in chronic inflammation, and the increased 
expression of PD-1 was transient in acute inflammation (25).  
Of note, sustained upregulation of PD-1 reduces T cell 
effector function and leads to T cell exhaustion (11). PD-1 has 
two structural motifs including one immunoreceptor tyrosine-
based inhibitory motif (ITIM) and one immunoreceptor 
tyrosine-based switch motif (ITSM) (26). Upon binding 
with its ligands PD-L1 or PD-L2, ITIM and ITSM are 
phosphorylated at Y223 and Y248, respectively (26). PD-1 
phosphorylation leads to the docking of many protein 
tyrosine phosphatases, including Src homology 2-containing 
protein tyrosine phosphatase 2 (SHP2), SHP2 then 
subsequently inhibited the phosphoinositide 3-kinase 
(PI3K)/Akt and Ras/MEK/ERK pathway (26). It has 
been demonstrated that Akt deactivation reduces T cell 
proliferation and increases apoptosis, thereby promoting 
T cell exhaustion, and decreased ERK1 activation reduces 
proliferation and differentiation potential (3). Then, PD-1 
-mediated T cell exhaustion fail to control tumor growth 
and promotes tumor survival and immune evasion (27,28). 
Therefore, PD-1 has been a promising target for the 
immune therapy of cancers (29,30). 

However, much attention should be paid to irAEs of ICIs 
(31,32). The early identification and management of adverse 
reactions in the nervous system is crucial to maximize 
clinical recovery and minimize the impact of drug-related 
toxicity (31,32). There are many different ICIs-related 
irAEs covering nearly all organ systems including stomach, 
gut, lung, liver, heart and muscle (33,34). It has been 
demonstrated that the incidence of neurological irAEs is 
lower in ICIs monotherapy compared with combination 
therapy with two or more ICIs (35,36). In general, signs 
and symptoms often occur within 1 month of starting ICIs 
treatment (36), but the diagnosis of irAEs versus metastasis 
may be challenging in clinical practice (37). In the present 
study, we reported a case of immune-related encephalitis 
which occurred 1 month after camrelizumab treatment. 
The irAEs of encephalitis were diagnosed according to total 
CSF protein, general asthenia, numbness of extremities 
and walking instability. Importantly, we found no brain 
metastasis in MRI examination. The symptoms of irAEs 
were not relieved with neurotrophic drugs thioctic acid and 
cobamamide, whereas the symptoms were totally lost after 
treatment with MP and prednisone acetate. One year after 
the onset of encephalitis, the patient was in good condition 
without neurological symptom recurrence. Therefore, 
corticosteroids may be first drug for the treatment of 
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irAEs. These neurological irAEs associated with immuno-
oncotherapy should be paid more attention after the 
treatment as indicated in a previous meta-analysis (38).

The occurrence of irAE may be related to the enhanced 
immune response, although the exact mechanism of irAE 
remains largely unknown (36). Several hypotheses have 
been proposed: (I) there is some cross reactivity of T cells 
between tumor cells and normal tissue (39); (II) ICIs can 
increase the levels of previously existing autoantibodies, 
such as anti-thyroid antibodies (40); (III) ICIs can increase 
the levels of inflammatory cytokines; (IV) In organs that 
directly express CTLA-4 or PD-L1 to protect normal 
tissues, such as in normal pituitary or myocardial cells, ICI 
can interfere with these self-protection systems (40,41). 
Therefore, activated T cells may attack healthy tissues, 
leading to irAE similar to that of autoimmune diseases (42). 

Conclusions

In summary, immune-related encephalitis is an irAE of 
camrelizumab. The present case proves the efficacy and 
safety of using corticoids in the treatment of encephalitis. 
However, larger-scale and longer-term studies are needed 
to investigate and confirm the natural course and treatment 
strategy of ICIs-induced encephalitis.
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