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Abstract
Introduction: Granulocyte colony-stimulating factor (G-CSF), including pegfilgrastim, increases
the peripheral blood leukocyte count and is widely used in clinical practice in combination with
cytotoxic chemotherapy. The most frequent side effects of G-CSF are pain and fever; aortitis, in
contrast, is a rare and serious side effect. Case Presentation: A 73-year-old man with small-cell
lung cancer was treated with a full dose of a combination of carboplatin/etoposide/durvalumab
and pegfilgrastim. The patient developed fever and right ear pain 12 days after pegfilgrastim
administration and was diagnosed with aortitis by contrast-enhanced computed tomography
5 days later. Because the patient had already been administered the immune checkpoint
inhibitor and had a history of hepatitis B, the patient was followed up without corticosteroid
administration, and the patient’s symptoms resolved spontaneously. Conclusion: In situations
where immunosuppression should be avoided, we believe that follow-up without
corticosteroids for G-CSF-induced aortitis is a promising option.
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Introduction

Granulocyte colony-stimulating factor (G-CSF) preparations promote the differentiation
and proliferation of neutrophil progenitor cells, the release of mature neutrophils from the
bone marrow, and neutrophil hyperfunctional effects [1]. Therefore, they have been used to
treat febrile neutropenia (FN) caused by cytotoxic chemotherapy in various carcinomas.
Polyethylene glycol (PEG)-G-CSF (pegfilgrastim) also has an extended half-life by binding PEG
and can prevent neutropenia when administered after cytotoxic chemotherapy. It is widely
used clinically for FN prophylaxis when using regimens with a high frequency of FN or during
cytotoxic chemotherapy for certain carcinomas [1]. However, G-CSF has been reported to
cause mild side effects such as myalgia and fever, and serious but rare side effects such as
aortitis [2]. In recent years, reports of G-CSF-induced aortitis have increased, especially in the
fields of breast and obstetric/gynecologic cancers, and many cases of systemic corticosteroid
therapy have been reported [3]. However, there are some situations in which we hesitate to
administer corticosteroids because of their immunosuppressive profile, such as in a patient
with a history of hepatitis B because of reactivation or a patient treated with immune
checkpoint inhibitors (ICIs) because of corticosteroids counteracting the antitumor effect.
Here, we report a case of small-cell lung cancer (SCLC) in a patient with a history of hepatitis B
and C who developed aortitis after PEG-G-CSF administration using a regimen of ICIs that
resolved without treatment with corticosteroids. The CARE Checklist has been completed by
the authors for this case report, attached as online supplementary material (for all online
suppl. material, see https://doi.org/10.1159/000534931).

Case Presentation

A 73-year-old man with abnormal chest radiographic findings on an annual examination
at his workplace was admitted to our hospital. His medical history included atrial fibrillation,
cerebral infarction, benign prostatic hyperplasia, and hepatitis B/C, and he took bisoprolol
fumarate, edoxaban tosilate hydrate, and silodosin. He currently smoked (pack-years from age
20–73 years) and had no allergies. He was in good health, with a score of 0 on the Eastern
Cooperative Oncology Group Performance Status Scale. Chest radiography revealed nodular
lesions in the right lung area, and chest computed tomography (CT) revealed nodular lesions
in the right upper lung and enlarged mediastinal lymph nodes. Positron emission
tomography-CT showed a strong accumulation of fluorodeoxyglucose in the primary lesion
and mediastinal lymph nodes. Contrast-enhanced (CE) magnetic resonance imaging of the
head revealed no evidence of brain metastases. We performed bronchoscopy and diagnosed
the patient with SCLC (extended disease by the Japanese guidelines of 2021, cT3N3M0, stage
3C according to the 8th edition of the Union for International Cancer Control TNM Classi-
fication of Malignant Tumors).

The patient was treated with a full dose of a combination of carboplatin/etoposide/
durvalumab (Dur) and PEG-G-CSF, with an emphasis on dose intensity. A fourth dose of the
coronavirus vaccine (elasomeran and davesomeran) was administered 10 days after PEG-
G-CSF administration. On the 12th day after PEG-G-CSF administration, he developed a
fever of 38°C and right ear pain, which did not improve, and was seen off appointment on
the 17th day. Blood tests showed markedly elevated inflammatory response with a white
blood cell count of 15,600/μL, C-reactive protein of 33.9 mg/dL, and interleukin 6 (IL-6)
level of 114 pg/mL (Table 1). However, physical examination and simple CT of the entire
trunk and head failed to detect the source of the fever or cause of the elevated inflam-
matory response (Fig. 1a). Although the patient did not develop FN, the possibility of a
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Table 1. Blood and biochemical test date
performed on admission TP 7 g/dL

Alb 3.2 g/dL

T-Bil 0.7 mg/dL

AST 18 U/L

ALT 15 U/L

ALP 300 U/L

γ-GTP 78 U/L

LDH 190 U/L

CK 168 U/L

BUN 19 mg/dL

Cre 1.03 mg/dL

eGFR 54.8 mL/min/1.73 m2

UA 4.8 mg/dL

Na 138 mmol/L

K 3.8 mmol/L

Cl 101 mmol/L

Ca 8.7 mg/dL

S-Glu 99 mg/dL

CRP 33.9 mg/dL

PCT 0.31 ng/mL

WBC 15,600 /μL

Ne 78.6 %

Hb 11.5 g/dL

PLT 334,000 /μL

Ferritin 1,537 ng/mL

U-RBC Negative

U-WBC Negative

IgG 1,118 mg/dL

IgA 472 mg/dL

IgM 31 mg/dL

IgE 1,639 U/mL

C3 186 mg/dL

C4 42.9 mg/dL

CH50 67 U/mL

ESR (60 min) 111 mm

PT-INR 1.21

APTT 30.4 sec

Fib 1,104 mg/dL

D-dimer 1.42 μg/mL

HIV antibody Negative

IgG4 46.2 mg/dL

(Continued on following page)
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bacterial infection could not be ruled out; therefore, the patient was immediately hos-
pitalized, and ampicillin/sulbactam was administered. CE-CT of the entire trunk per-
formed the next day showed increased adipose tissue density around the descending
thoracic aorta from the aortic arch, suggesting aortitis (Fig. 1b). The patient tested
negative for anti-neutrophil cytoplasmic antibodies and other autoantibodies. He had a
history of hepatitis B/C virus (HBV/HCV) infection, had a tendency toward fever

Table 1 (continued)
RF <5 IU/mL

PR3-ANCA <1.0

MPO-ANCA <1.0

anti-GBM ab <2.0

ANA 40 times

IL-6 114 pg/mL

sIL-2R 1,250 U/mL

HBs ag Negative

HBs ab Positive

HBc ab Positive

HBV-DNA Negative

HCV ab Positive

HCV-RNA Negative

Blood and biochemical test results on the day of admission.
Markedly elevated inflammatory markers (CRP, WBC, ferritin,
ESR, and fibrinogen) were observed, but all autoantibodies
such as ANCA were negative.

TP, total protein; Alb, albumin; T-bil, total-bilirubin; AST,
aspartate aminotransferase; ALT, alanine aminotransferase;
ALP, alkaline phosphatase; γ-GTP, gamma-glutamyl trans-
peptidase; LDH, lactate dehydrogenase; CK, creatine kinase;
BUN, blood urea nitrogen; Cre, creatinine; eGFR, estimated
glomerular filtration rate; UA, uric acid; S-Glu, serum-glucose;
CRP, C-reactive protein; PCT, procalcitonin; WBC, white blood
cells; Ne, neutrophil; Hb, hemoglobin; PLT, platelet; U-RBC,
urine red blood cells; U-WBC, urine white blood cells; Ig-
G,immunoglobulin G; IgA, immunoglobulin A; IgM, immuno-
globulin M; IgE, immunoglobulin E; C3, complement 3; C4,
complement 4; CH50, 50% hemolytic complement activity;
ESR, erythrocyte sedimentation rate; PT-INR, international
normalized ratio of prothrombin time; APTT, activated partial
thromboplastin; Fib, fibrinogen; HIV, human immunodefi-
ciency virus; IgG4, immunoglobulin G4; RF, rheumatoid factor;
PR3-ANCA, proteinase 3 anti-neutrophil cytoplasmic antibody;
MPO-ANCA, myeloperoxidase anti-neutrophil cytoplasmic
antibody; anti-GBM ab, anti-glomerular basement membrane
antibody; ANA, anti-nuclear antibody; IL-6, interleukin 6; sIL-
2R, soluble interleukin-2 receptor; HBs ag, hepatitis B surface
antigen; HBs ab, hepatitis B surface antibody; HBc ab, hepatitis
B core antibody; HBV-DNA, hepatitis B virus-deoxyribonucleic
acid; HCV ab, hepatitis C virus antibody; HCV-RNA, hepatitis C
virus-ribonucleic acid.
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resolution since admission, and had been treated with ICIs. Therefore, he was followed up
carefully with antipyretic analgesics alone without systemic corticosteroid treatment. On
the 20th day, the patient’s body temperature improved to 36°C, right ear pain and in-
flammatory response gradually improved, and contrast CT on the 33rd day showed
improvement in periaortic inflammatory findings (Fig. 1c, 2). Serum IL-6 level diminished
to 8.7 pg/mL at that time. As the possibility of immune-related adverse events remained,
carboplatin/etoposide was reduced to an 80% dose, and Dur was discontinued during the
second course of chemotherapy. The patient’s condition progressed uneventfully, except

Fig. 1. Computed tomography (CT) images. a A chest plane
CT image taken on the 17th day after PEG-G-CSF ad-
ministration. This image does not show an increased soft
periaortic shadow. b A chest contrast-enhanced (CE)-CT
scan obtained on the 18th day of PEG-G-CSF adminis-
tration. This image shows an increased soft periaortic
shadow suggestive of aortitis. c The chest CE-CT scan
performed on the 33rd day of PEG-G-CSF administration.
As indicated by the red triangle in the figures, the
periaortic soft shadow shrunk compared with that
shown in b.
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for a slight decrease in the white blood cell count. Dose-reduced carboplatin/etoposide
was continued at 4-week intervals, and the patient’s progress was good, with no signs of
aortitis flare-up.

Discussion

We encountered a rare case of aortitis following treatment with PEG-G-CSF. In the lung
cancer field, Sato et al. [4] reported a case of G-CSF-induced aortitis with subsequent Stanford
B-type aortic dissection. However, including this case, it should be noted that none of the
previously reported cases of PEG-G-CSF-induced aortitis was fatal. The present case is typical
of PEG-G-CSF-induced aortitis in the following respects. First, fever and right ear pain de-
veloped on day 12 after PEG-G-CSF treatment. Second, the diagnosis of aortitis was confirmed
by CE-CT performed after admission, which illustrated the typical findings of aortitis. Finally,
the patient’s symptoms disappeared on the 20th day without corticosteroids.

In the present case, we successfully detected findings suggestive of PEG-G-CSF-induced
aortitis. CE-CT was the diagnostic method used in most cases, and soft-tissue thickening was
observed around the aorta and other arteries. The median onset of aortitis is 8 days after
G-CSF administration, and the majority of the initial symptoms are fever and pain; this makes
it difficult to distinguish G-CSF-induced aortitis from FN because the timing and symptoms of
aortitis are also typical of FN. G-CSF-induced aortitis may be the main cause of fever of
unknown origin, which seemed to improve with antibiotics. In such cases, the fever seemed to
improve spontaneously with antibiotics, as in this case. Based on previous reports and the
present case, we believe that when a patient develops pyrexia of unknown origin with a
prominent inflammatory response after G-CSF administration, CE-CT should be performed to

Fig. 2. Line graph of trends in white blood cell (WBC) counts and C-reactive protein (CRP). The blue line
indicates the trend in CRP levels, and the red line indicates the trend in WBC counts. Both CRP level andWBC
count were abnormally high on the 17th day after PEG-G-CSF administration. However, they continued to
decrease without corticosteroid administration and were almost normalized on the 33rd day of PEG-G-CSF
administration.
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diagnose aortitis [3]. Clinicians should be aware that aortitis is a rare but serious adverse
effect of G-CSF therapy.

Corticosteroids play a key role in the treatment of inflammatory diseases because of their
anti-inflammatory and immunosuppressive effects. However, their side effects vary, and they
are often difficult to manage appropriately. One side effect of corticosteroids of particular note
is the reactivation of HBV, which can lead to fulminant hepatitis and death [5]. Patients with
prior HBV infection should be carefully monitored for symptoms, such as fatigue and liver
enzyme trends, during corticosteroid therapy. Another adverse effect of corticosteroids is that
they counteract the antitumor effects of ICIs. Although it is still not frequently used in the
breast and obstetrics/gynecology fields, ICIs are already commonly used in lung cancer, and
ICIs and G-CSF are often used together. Since ICIs activate autologous immune cells to achieve
their antitumor effect, it is believed that immunosuppression by corticosteroids inevitably
attenuates their effect [6]. Therefore, treatment with ICIs should be avoided for patients who
receive corticosteroid therapy, or the target population for treatment with ICIs should be
limited to patients whose dose of corticosteroids is less than 10 mg/day of the prednisone
equivalent [7]. Since the patient in the present case was treated with ICIs and had a history of
hepatitis B, we were concerned about the reactivation of HBV and counteracting the effect of
ICIs. In addition, his symptoms tended to resolve; therefore, we did not administer corti-
costeroids and carefully monitored his progression.

The aortitis improved spontaneously in the patient, as reported previously [3]. Approxi-
mately 60% of patients with G-CSF-induced aortitis initiated corticosteroids, but there was no
significant difference in the time to symptom improvement with corticosteroids; the mean times
were 15.7 versus 16.0 days for patients treated with corticosteroids versus those who were not,
respectively [3]. Therefore, corticosteroids may be unnecessary for the treatment of G-CSF-in-
duced aortitis, especially in cases in which the side effects of corticosteroids may have serious
consequences. Although the initiation of corticosteroids may be considered for patients with
G-CSF-induced aortitis within several days from the onset, it may be unnecessary thereafter.

Both in the present case and in prior reports, a notable surge followed by a subsequent
decline in IL-6 has been observed [4]. In Takayasu’s arteritis and giant cell arteritis, which
exhibit similarities to G-CSF-induced aortitis, serum IL-6 levels have been reported to serve as
indicators of disease activity [8]. It has been established that G-CSF triggers neutrophil
differentiation and proliferation along with the production of inflammatory cytokines such as
IL-6 [9]. Additionally, research has illuminated the secretion of IL-6 by vascular wall cells in
giant cell arteritis patients, suggesting that IL-6 produced by certain factors might incite
aortitis [10]. Consequently, in the present case, it is conceivable that G-CSF-induced IL-6
overproduction, thereby precipitating aortitis. If the condition escalates, it could lead to aortic
aneurysm or aortic dissection, hence underscoring the significance of anti-inflammatory
interventions involving corticosteroids or tocilizumab. Nevertheless, there exists a paucity of
reports regarding G-CSF-induced aortitis progressing to aortic dissection. This implies that in
scenarios such as the one at hand, where immunosuppression is undesired, some cases might
ameliorate through vigilant monitoring without resorting to anti-inflammatory therapies [3].

A limitation of this report is the possibility that aortitis was caused by ICIs or the co-
ronavirus vaccine, rather than PEG-G-CSF. Although a case of ICI-induced aortitis has been
reported, we considered this possibility less likely because of the later onset of immune-
related adverse events (median time, 3 months) and the typical course of G-CSF-induced
aortitis [11, 12]. Although we cannot rule out the possibility that it was caused by a coro-
navirus vaccine, we believe that the aortitis was caused by PEG-G-CSF. This is because it
closely resembles that caused by PEG-G-CSF [3], while there have been no reports of a
coronavirus vaccine.
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Conclusion

We encountered a rare case of aortitis following the administration of PEG-G-CSF to
prevent FN, after a combination of ICI and chemotherapy for SCLC. When we diagnose a
patient with G-CSF-induced aortitis, especially in situations such as preexisting HBV infection
or after administration of ICIs, which should avoid an immunosuppressive state, cortico-
steroid administration should be avoided, and careful observation should be made with
antipyretic analgesics alone.
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