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ABSTRACT

Effective control of severe immune-related adverse
events, including cytokine release syndrome (CRS), is
essential for the success of immunotherapy. We present a
case of a granulocyte colony-stimulating factor–producing
pleomorphic lung carcinoma treated with nivolumab plus
ipilimumab which developed CRS and severe immune-
related pneumonitis. The effect of immunotherapy was
heterogeneous; gastric metastasis was eliminated, but the
pulmonary lesion had primary resistance. Steroid and
tocilizumab were successful in controlling CRS, but addi-
tional infliximab was necessary to control pneumonitis.
To control immune-related adverse events, it is important
to choose immunosuppressive agents to the specific
target organ and inflammatory cells.
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Introduction
Cytokine release syndrome (CRS) is a potentially life-

threatening toxicity that has been observed after the
administration of immune-based therapies for cancer,
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including chimeric antigen receptor T-cell therapy and
immune checkpoint blockade treatments. CRS occurs
either in the hyperacute phase, minutes to hours after
the administration of these drugs, or in some days to 2
weeks after the proliferation of the administered T-
cells.1 Here, we present a case of a patient with pulmo-
nary pleomorphic carcinoma treated with nivolumab
plus ipilimumab who developed CRS with tumor pro-
gression. Tocilizumab, an antihuman interleukin (IL)-6
monoclonal antibody, was effective in controlling CRS,
whereas infliximab, an antihuman tumor necrosis factor
a monoclonal antibody, was necessary for controlling
complicated pneumonitis. In the control of concurrent
immune-related adverse events (irAEs), it may be
necessary to use different immunosuppressive agents
for different organs and inflammatory cells.
Figure 1. Immunohistochemistry of tumors from the pulmona
nohistochemistry analysis of the pulmonary tumor (yellow circl
with scattered spindle cells. The immunohistochemical staining
and positive for AE1/AE3 and G-CSF. The PD-L1 TPS using the
immunohistochemistry analysis of the gastric tumor (yellow cir
staining revealed poorly differentiated polymorphic cells with
revealed that the tumor cells are negative for HNF4a and TT
positive for HNF4a. PD-L1 TPS using the 22C3 is 60% similar to
factor; HE, hematoxylin and eosin; HNF4a, hepatocyte nuclea
tumor proportion score; TTF-1, thyroid transcription factor-1.
Case Presentation
A 64-year-old Japanese female, who is a 45 pack-year

smoker, presented with fatigue and lightheadedness
associated with severe anemia and leukocytosis (d 1).
Upper endoscopy results revealed a bleeding lesion in
the stomach (Fig. 1), and computed tomography scan
results revealed a pulmonary mass in the right upper
lobe. Histopathologic analysis suggested granulocyte
colony-stimulating factor (G-CSF)–producing pleomor-
phic carcinoma (Fig. 1). She was finally diagnosed with
having pleomorphic carcinoma of the lung with clinical
T2aN0M1b, stage IVB with no targetable driver muta-
tions, and with a programmed cell death-ligand 1 tumor
proportion score of 60%. Nivolumab (360 mg every 3
wks) plus ipilimumab (1 mg/kg every 6 wks) was
administered on day 21, and 20 mg of prednisolone
ry and gastric lesions. The upper column reveals the immu-
e). HE stain revealed poorly differentiated polymorphic cells
revealed that the tumor cells are negative for TTF-1 and p40
22C3 pharmDx assay is 60%. The lower column reveals the
cle). Upper endoscopy revealed a bleeding gastric lesion. HE
scattered spindle cells. The immunohistochemical staining

F-1 and positive for G-CSF. The normal gastric epithelium is
the pulmonary tumor. G-CSF, granulocyte colony-stimulating
r factor 4 alpha; PD-L1, programmed death-ligand 1; TPS,
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was given for grade 2 immune-related skin rash on day
47. The bleeding gastric metastasis had a tendency to
shrink, whereas the pulmonary lesion had primary
resistance (Fig. 2).

On day 88, she experienced sudden nausea and
lightheadedness and was rushed to our hospital with
signs of shock. An infiltrative shadow emerged in the left
upper lobe (Fig. 3B), and procalcitonin was increased to
70.29 ng/mL. Test result for severe acute respiratory
syndrome coronavirus 2 based on reverse-transcriptase
polymerase chain reaction using her nasal swab was
negative. She was admitted to the intensive care unit,
and empirical administration of broad-spectrum anti-
bacterial agent was started with vasopressor agents. No
infectious organisms were detected in the sputum and
peripheral blood culture. With suspicion of CRS, we
administered steroid pulse and tocilizumab (8mg/kg)
therapy, which resulted in an immediate increase in
blood pressure. Nevertheless, the infiltrative shadow
rapidly progressed, thus requiring ventilation manage-
ment. The serum IL-6 and ferritin levels at admission
Figure 2. Serial images of the tumor. The upper column reveals
was gradually increasing. CT scan at the second admission re
reveals serial images of upper endoscopy. The bleeding gastric
decreasing gastric lesion (yellow arrow heads) in abdominal CT
the same day but were taken at approximately the same times:
approximately 8 weeks after administration, and at the second
were 25,100 pg/mL and 1440.8 ng/mL, respectively
(Fig. 3A). Although tocilizumab was administered for
CRS, there was only temporary improvement in chest
infiltration (Fig. 3C), and oxygenation worsened.
Changes in chest radiograph images and the ratio of
arterial oxygen partial pressure to fractional inspired
oxygen from the administration of tocilizumab to the
administration of infliximab (5mg/kg) are illustrated in
Supplementary Figure 1. Because the effect of tocilizu-
mab was considered to be limited and the oxygen
toxicity owing to high oxygen concentration was con-
cerned, infliximab was administered on day 92 after the
investigation of bronchoalveolar lavage fluid. Thereafter,
the infiltrative shadow rapidly disappeared within 1
week, and the patient was successfully weaned from
mechanical ventilation (Fig. 3A–C). After leaving the
intensive care unit, the patient had signs of CRS again,
was treated with tocilizumab, and was discharged on
day 117 with mycophenolate mofetil. After 2 weeks of
discharge, unfortunately she died at home owing to
rapid tumor progression.
serial images of chest CTscans. The primary pulmonary lesion
vealed infiltration in the left lung field. The middle column
lesion was gradually decreasing. The lower column reveals
scans. The three images in the same row were not taken on
at the first visit, approximately 4 weeks after administration,
admission. CT, computed tomography.
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Discussion
The patient developed CRS and severe immune-

related pneumonitis along with tumor progression
approximately 3 months after immunotherapy. The CRS
improved with high-dose steroids and tocilizumab, but
infliximab was necessary to control pneumonitis. In the
management of severe irAEs across multiple organs, the
control of immunoinflammatory cells in each organ may
be required.2 Although immunotherapy was successful in
priming host immune cells, excessive stimulation by
primary tumor progression may have caused these irAEs.

Duodenal metastasis of lung cancer is rare, account-
ing for 0.2% to 1.7% of cases.3 Metastases from pul-
monary pleomorphic carcinoma have occasionally been
reported.3–5 In this case, lung and stomach biopsies were
performed respectively, and it was diagnosed as gastric
metastasis of pulmonary pleomorphic carcinoma
Figure 3. Clinical course and serial chest images. (A) The first
the second admission to the discharge on day 117. (B) Serial c
primary tumor in the right lung field was gradually increasing.
day 90 and gradually subsided after infliximab administration fr
of severe inflammation on day 100. (C) Serial chest radiograph i
6, interleukin-6; Ipi, ipilimumab; MMF, mycophenolate mofetil;
because of the identical histologic type, high pro-
grammed cell death-ligand 1 expression, and the same
rare G-CSF–producing tumor (Fig. 1).

Tumor-derived G-CSF possibly contributed to the
development of severe irAEs.6 Because immunotherapy
was ineffective in the primary lung lesion, G-CSF stim-
ulation continued as inferred from the peripheral white
blood cell count and C-reactive protein elevation
(Fig. 3A). CRS has been reported to occur relatively early
after immunotherapy.1,7 Nevertheless, the onset of CRS
in the present case was delayed possibly owing to its
association with tumor growth. The use of G-CSF re-
ceptor blocker8 for G-CSF–producing tumors may reduce
the risk of irAE development in patients with the tumors.

CRS is recommended to be primarily managed with
tocilizumab.1 The symptoms associated with CRS in this
case were nausea, severe hypotension, and respiratory
visit was defined as day 1, and the course was followed from
hest images from the second admission to extubation. The
The left infiltrative shadow was exacerbated from day 88 to
om day 90 to day 100. The residual lung cavitated as a result
mages throughout clinical course. CRP, c-reactive protein; IL-
Niv, nivolumab; PSL, prednisolone; WBC, white blood cell.
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failure.1,7 Although the blood pressure immediately
responded to steroid pulse therapy, the infiltrative
shadow in the lung field did not improve, and tocilizumab
was administered considering CRS. Within 2 days,
expansion of the pulmonary infiltrative shadow and
deterioration of oxygenation were observed
(Supplementary Fig. 1). The effect of tocilizumab for
pneumonitis was thus deemed to be limited. Additional
infliximab was administered after investigation of bron-
choalveolar lavage fluid revealed numerous neutrophils
instead of lymphocytes with no infectious organisms.
Tocilizumab has been found to be effective against CRS
and may take several days to be effective.9 It is also re-
ported to be effective against immune checkpoint
inhibitor-related pneumonitis.10 In this case, because the
infiltrative shadow in the lung field increased and the
partial pressure of oxygen/fraction of inspired oxygen
ratio decreased day by day after administration of tocili-
zumab (Supplementary Fig. 1), infliximab was addition-
ally administered. There was a report that infliximab was
effective for steroid-refractory immune checkpoint
inhibitor–related pneumonia,11,12 and infliximab seemed
to be a promising alternative to tocilizumab. It may be
necessary to use different immunosuppressive agents
depending on the irAE organ and the immune cell type,
that is, themain cause of inflammation.2 Unfortunately,we
were not able to measure cytokines other than IL-6 in this
case, but the measurement of other cytokines including
tumor necrosis factor a may further guide the use of
immunosuppressive agents.

Conclusion
The development of CRS and severe immune-related

pneumonitis in the present case may have been due to G-
CSF produced from the tumor and the unleashed im-
mune cells, which were further stimulated by tumor
progression. We successfully controlled CRS with steroid
and tocilizumab, and pneumonitis with infliximab. To
control irAEs, it is important to choose immunosup-
pressive agents properly according to the specific organ
and immune-inflammatory cells.
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