
Received: 2019.10.18
Accepted: 2019.12.03

Available online: 2020.01.24
Published: 2020.02.04

 1587   2   3   19

Febrile Neutropenia in a Patient with Non-Small 
Cell Lung Cancer Treated with the Immune-
Checkpoint Inhibitor Nivolumab

 ABCDEF 1 Yasushi Hisamatsu
 A 1 Ryotaro Morinaga
 A 2 Erina Watanabe
 A 2 Satoshi Ohtani
 AF 3 Kuniaki Shirao

 Corresponding Author: Yasushi Hisamatsu, e-mail: hisamatu@oita-u.ac.jp
 Conflict of interest: Kuniaki Shirao has received honoraria from Taiho Pharmaceutical Co., and Bristol-Myers Squibb Co.
 Source of support:  Kuniaki Shirao has received research funding from Taiho Pharmaceutical Co., Bristol-Myers Squibb Co., Chugai Pharmaceutical Co., 

Pfizer, Inc., Ono Pharmaceutical Co., Daiichi Sankyo Co., Sanofi K.K., Kyowa Hakko Kirin Co., Astellas Pharma, Inc., Shionogi & Co., 
and Takeda Pharmaceutical Co.

 Patient: Male, 57-year-old
 Final Diagnosis: Febrile neutropenia
 Symptoms: Fever
 Medication: Nivolumab
 Clinical Procedure: Chemotherapy
 Specialty: Oncology

 Objective: Adverse events of drug therapy
 Background: Nivolumab is a human IgG4 monoclonal antibody against human programmed cell death 1 (PD-1). It has demon-

strated efficacy against metastatic non-small cell lung cancer (NSCLC). Treatment with nivolumab is sometimes 
associated with immune-related adverse events (ir AEs) in patients. These specific ir AEs include pneumonitis, 
hypothyroidism, dermatitis, enterocolitis, hepatitis, and neuropathy. However, hematological toxicity is rare.

 Case Report: A 57-year-old man with lung adenocarcinoma, with brain and adrenal gland metastases, was therefore started 
on nivolumab therapy as third-line treatment. After administration of the second dose with nivolumab, grade 3 
febrile neutropenia (FN) and grade 2 liver dysfunction developed in the patient. The patient was started to on 
intravenous antibiotics, granulocyte colony-stimulating factor (G-CSF), and corticosteroids. Neutrophil counts 
and liver function gradually improved, and corticosteroids were tapered over 6 weeks. However, the patient 
was re-treated with G-CSF because the neutrophil counts decreased again.

 Conclusions: Care needs to be taken with such patients because neutropenia due to treatment with nivolumab can recur, 
as well as other ir AEs.
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Background

Programmed cell death 1 (PD-1) is a transmembrane protein 
expressed on T cells, B cells, and NK cells. It is an inhibitory 
molecule that binds to the PD-1 ligand (PD-L1) and PD-L2. PD-L1 
is expressed on the surface of multiple tissue types, including 
many tumor cells, as well as hematopoietic cells. The PD-1: 
PD-L1/2 interaction directly inhibits apoptosis of the tumor 
cell, promotes peripheral T effector cell exhaustion, and pro-
motes conversion of T effector cells to Treg cells [1].

Nivolumab is a human IgG4 monoclonal antibody that binds 
and blocks PD-1 receptors on cancer cell membranes, which 
results in the release of cancer immune-tolerance. Immune-
related adverse events (ir AEs) such as liver damage, dysfunc-
tion of internal secretion, enterocolitis, and skin reactions are 
reported as AEs of nivolumab [2], while hematotoxicity is rare. 
Here, we present a case of neutropenia showing a biphasic 
phenomenon in a patient with non-small cell carcinoma due 
to treatment with nivolumab is presented.

Case Report

A 57-year-old man was diagnosed with lung adenocarcinoma 
in February 201X. He had both brain and adrenal gland metas-
tases. Molecular tests showed that the genes for epidermal 
growth factor receptor (EGFR) and anaplastic lymphoma kinase 
(ALK) were negative. The tumor proportion score was unknown. 
The patient had a smoking history and pulmonary emphysema.

After cyberknife stereotactic radiosurgery for the brain metas-
tasis, the patient received 2 courses each of cisplatin-peme-
trexed chemotherapy and docetaxel therapy. The patient was 
administered docetaxel on May 6. With both treatments, 

severe myelosuppression and FN did not occur. However, com-
puted tomography (CT) showed disease progression after 2 cy-
cles of docetaxel therapy. The patient was therefore started 
on nivolumab therapy (3 mg/kg every 2 weeks) as the third-
line treatment on June 1. The patient’s absolute neutrophil 
count (ANC) at that time was normal (6150/μL).

The first and second doses with nivolumab were well toler-
ated, and the patient did not complain of any potential AEs. 
At the time of the third dose with nivolumab, on day 29 af-
ter administration of the first dose with nivolumab, Common 
Terminology Criteria for Adverse Events (CTCAE) grade 1 liver 
dysfunction and asymptomatic grade 3 neutropenia (920/μL) 
were detected. Therefore, the treatment was discontinued. 
Before nivolumab administration, the patient had been tak-
ing famotidine from January 201X. Because it is one of the 
agents that can cause agranulocytosis, it was stopped and 
switched to rabeprazole.

On day 32 after the first dose with nivolumab (day 58 after the 
last dose with docetaxel), the patient developed grade 3 FN, 
with the following laboratory results: white blood cells (WBC) 
1.71 g/L; ANC 980/μL; hemoglobin (Hb) 8.1 g/L; platelets (PLT) 
21.2×104/μL; aspartate aminotransferase (AST) 166 IU/L; alanine 
aminotransferase (ALT) 169 IU/L; and C-reactive protein (CRP) 
12.5 mg/L (Table 1). The patient’s temperature was 39.0°C.

Because it was thought that the neutrophil count was likely to 
decrease further, the patient was diagnosed with FN. The tu-
mor was significantly reduced, and there was no appreciable 
source of infection on CT (Figure 1). After blood cultures were 
taken, the patient was started on intravenous antibiotics.

On July 7 (day 37), a bone marrow biopsy was performed be-
cause the ANC had decreased to 280/μL and Ferritin had 

5/27
(day –5*) 

6/15
(day 15*)

6/29
(day 29*)

7/2
(day 32*)

7/7
(day 37*)

7/9
(day 42*)

WBC (/μl) 8630 4740 1640 1710 760 4440

ANC (/μl) 6150 3590 920 980 280 3500

Hb (g/dl) 8.9 8.1 8.1 7.2 8.7 8.0

Plt (104/μl) 29.1 23.1 21.2 17.1 21.3 16.6

CRP (mg/dl) 5.3 14.1 7.4 12.5 6.48 5.43

AST (U/L) 9 14 67 166 208 178

ALT (U/L) 6 11 69 169 213 233

Table 1. Blood test results.

* Days after administration of the first nivolumab dose. WBC – white blood cells; ANC – absolute neutrophil count; Hb – hemoglobin; 
Plt – platelets; CRP – C-reactive protein; AST – aspartate aminotransferase; ALT – alanine aminotransferase.
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increased to 1732 ng/ml. Malignant tumor infiltration to bone 
marrow was not present. The biopsy specimen showed agran-
ulocytosis (Figure 2) and the bone marrow examination results 
are shown in Table 2. The mononuclear phagocyte system con-
stitutes approximately 1.0%.

Antineutrophil antibodies that induce neutropenia were not de-
tected in the patient’s serum. On day 32, grade 2 liver dysfunc-
tion (ALT 166 IU/L; AST 169 IU/L) was also detected. The pa-
tient was started on treatment with granulocyte G-CSF for 
4 days for neutropenia and prednisolone 0.5 mg/kg/day for 
liver dysfunction. With the withdrawal of nivolumab therapy 
and the administration of G-CSF, the neutrophils increased. 
However, on July 14 (day 44), methylprednisolone was admin-
istered at a dose of 2 mg/kg (125 mg/day) because the liver 
function test results worsened (ALT 191 IU/L; AST 307 IU/L). 
Liver function then gradually improved, and corticosteroids 
were tapered over 6 weeks.

The patient was re-treated with G-CSF because only the neu-
trophil counts decreased again (ANC 500/μL) on August 16 (day 
77). ANC immediately normalized, and liver dysfunction did not 
recur (Figure 3). The patient was then diagnosed with wide-
spread disease progression and received palliative treatment.

Discussion

The course of this patient demonstrates 2 important clinical 
points. FN due to nivolumab was present, along with the re-
currence of neutropenia due to nivolumab. Treatment with 
nivolumab is sometimes associated with ir AEs in patients. 
These specific ir AEs include pneumonitis, hypothyroidism, 
dermatitis, enterocolitis, hepatitis, and neuropathy. However, 
hematological toxicity is rare. A recent study on immune-check-
point inhibitors (ICIs)-related hematological toxicity reported 
that anemia and thrombocytopenia are the most common 

Figure 1.  CT images. Lung adenocarcinoma is present in the mediastinum from the left upper lobe before nivolumab treatment in May 
201X (A). Hospitalization for FN on day 32 after administration of the first dose with nivolumab. The tumor is significantly 
reduced with no appreciable source of infection on CT (B).

A B

Figure 2.  Bone marrow imaging. (A: ×100), (B: ×400). There is no malignant tumor invasion into the bone marrow. The specimen 
shows agranulocytosis.

A B
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Figure 3.  Timeline for white blood cell count (WBC), absolute neutrophil count (ANC), aspartate aminotransferase (AST), and alanine 
aminotransferase (ALT) levels since nivolumab dosing.

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

Nivolumab dosing G-CSF

Steroid

Bone marrow biopsy
Antibiotics

0 5 10 15 20 25 30 35 40

(Days after administration of the �rst nivulomab dose)

45 50 55 60 65 70 75 80

W
BC

 an
d n

eu
tro

ph
il c

ou
nt

 (/
µL

)

16

14

12

10

8

6

4

2

0

39.5

39.0

38.5

38.0

37.5

37.0

36.5

36.0

CR
P (

m
g/

dl)

Fe
ve

r (
°C

)

350

300

250

200

150

100

50

0

ANC
WBC
ADST
ALT

CRP
Fever

AS
T a

nd
 AL

T (
IU

/L
)

NCC (/mm3) 3.3×104

MgK (/mm3) 47

M/E ratio 1.57

Total myeloid (%) 55.4

 Blast 1.6

  Promyelocyte 6.0

  Myelocyte 20.2

  Metamyelocyte 13.2

  Stab cell 7.8

  Seg 3.8

  Eosinophil 0.2

Table 2. bone marrow examination.

NCC – nucleated cell; MgK – megakaryocyte; M/E ratio – myeloid erythroid ratio.

  Basophil 0.6

 Monocyte 2.0

Total erythroid (%) 35.2

  Pro-erythroid 0.2

  Mega 3.6

  Macro 0

  Normal 31.4

Lymphocytes (%) 4.8

Plasma cell (%) 3.6

Phagocytes (%) 1.0

Tumor cell invasion –
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hematological toxicities [3]. The incidence of anemia, throm-
bocytopenia, and neutropenia was 9.8%, 2.8%, and 0.94%, 
respectively [4]. The rate of nivolumab-related neutropenia is 
0–0.6% in NSCLC [5–7].

According to the European Society of Medical Oncology (ESMO) 
guidelines, FN is defined as an oral temperature >38.5°C or 2 
consecutive readings of >38.0°C for 2 h and an ANC <500/μL, 
or expected to fall below 500/μL. Therefore, the present pa-
tient was diagnosed with FN. In 11% of patients with hemato-
logical malignancies and 5% of patients with solid tumors, FN 
results in death due to infectious complications [8].

There have been 3 reported cases of neutropenia or agranu-
locytosis with NSCLC treated with nivolumab. Tabchi et al. [9] 
reported severe agranulocytosis due to nivolumab therapy; 
the patient’s past medical history included ulcerative colitis 
and lumpectomy for breast cancer, and she had severe agran-
ulocytosis and liver dysfunction after 2 courses of nivolumab 
therapy for NSCLC. Turgeman et al. [10] reported 2 cases of 
neutropenia due to nivolumab therapy; 1 patient had a past 
history of Crohn’s disease, and after 5 courses of nivolumab 
therapy, she had neutropenia and diarrhea due to a Crohn’s 
exacerbation. Another patient had a history of intermediate-
grade follicular lymphoma that had been treated with ritux-
imab. He had grade 4 neutropenia. None of these 3 cases was 
diagnosed with FN.

There are various causes of neutropenia in cancer patients. 
It may be associated with the cytotoxic effects of chemother-
apy or radiotherapy, systemic infections, some concomitant 
drugs, and bone marrow metastases.

On day 15, CRP was elevated (14.1 mg/dl). Neither fever nor 
malaise was recognized as the symptom of virus infection, and 
the cause of the clear CRP increase was unknown.

In this case, the patient had no history of malignancy except for 
NSCLC and had no autoimmune disease. Bone scintigraphy was 
not performed, but the bone marrow examination showed no 
bone marrow infiltration of cancer. Therefore, it was not con-
sidered to be the cause of neutropenia. Neutropenia caused 
by systemic infections before the administration of nivolumab 
was ruled out. Prior to nivolumab administration, he started 
famotidine, loxoprofen, oxycodone, and magnesium oxide in 
January 201X, rabeprazole on June 29, and trimethoprim-sul-
famethoxazole at a dose of 1 g on July 14 to November 2 for 
the prevention of Pneumocystis pneumonia. Except for famoti-
dine, he continued to take the other drugs throughout the en-
tire treatment for FN and hepatitis after the improvement of 
recurrent neutropenia on day 77. Therefore, the FN was likely 
caused by nivolumab or famotidine. Certainly, famotidine is 
one of the agents causing agranulocytosis [11]. However, most 

cases of severe neutropenia or agranulocytosis present within 
the first 60 days after beginning the offending drug [12,13]. 
It is difficult to conclude that the febrile neutropenia in the 
present case was caused by famotidine; therefore, the neu-
tropenia was probably caused by nivolumab. There are 2 de-
velopmental mechanisms of agranulocytosis caused by some 
concomitant medications [14]. One is an immunologic mech-
anism that causes the production of the antineutrophil anti-
body. The other direct mechanism is thought to involve drugs 
or their metabolites binding to the intranuclear material of 
granulocytic series progenitor cells and intracytoplasmic pro-
tein. The latter mechanism is most likely, because antineutro-
phil antibodies were not detected in the present case.

After G-CSF administration for recurrent neutropenia on August 
16 (day 77), liver function had not deteriorated. Therefore, 
G-CSF was unlikely to be the cause of liver damage. Liver 
function deteriorated despite administration of prednisolone 
0.5 mg/kg/day on July 14 (day 44), but improved after increas-
ing the dose of methylprednisolone to 2 mg/kg (125 mg/day).

Drug-induced neutropenia usually resolves within 1–3 weeks 
after cessation of the offending drug, whereas the present pa-
tient experienced recurrent only neutropenia without liver dys-
function on day 77 and was treated again with G-CSF. There are 
some reports that pneumonitis associated with ICIs recurred dur-
ing drug withholding/corticosteroid therapy after initial clinical 
improvement [15,16]. Similarly, Naqash et al. reported isolated 
neutropenia associated with PD-1 antibody in a patient who re-
lapsed [17]. Although the detailed mechanisms of this unusual 
phenomenon remain to be investigated, it may be that dura-
ble responses have been CD8+ linked to ICI-induced persistent 
T effector memory fraction against tumor cells [18]. The pos-
sible cross-reactivity of these T cells against normal cells after 
stopping treatment may be of the plausible mechanisms that 
have been suggested to contribute to this phenomenon [19]. 
Although there are reports of neutropenia due to anti-PD-1 
antibody administration, it is important to show that neutro-
penia alone may recur when the patient has different ir AEs.

Conclusions

A case of FN occurring in an NSCLC patient treated with 
nivolumab was described. One should be careful in such cas-
es because the neutropenia due to nivolumab may recur, as 
well as other ir AEs.
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