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Abstract. Granulocyte colony‑stimulating factor (G‑CSF)producing tumors are rare and are associated with a poor
prognosis when they occur in the lungs and the head and neck
region. Positron emission tomography/computed tomography
has been reported to show systemic specific accumulation of
fluorodeoxyglucose in these cases, but the systemic compli‑
cations associated with the cytokines produced are not well
known. We herein present the case of a G‑CSF‑producing
maxillary sinus squamous cell carcinoma in a 73‑year‑old
Japanese woman with a vertebral fracture and splenomegaly.
These findings are known severe adverse events of high‑dose
recombinant human G‑CSF treatment. The aim of the present
study was to further discuss the hypothesis that cytokines
produced by solid tumors may induce spinal vertebral fracture
and splenomegaly.
Introduction
Granulocyte colony‑stimulating factor (G‑CSF)‑producing
tumors of the lungs and head and neck region are rare, and
they are associated with a poor prognosis (1,2); however, the
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systemic complications due to the cytokines produced by the
tumor are not well known. The adverse events of recombinant
human G‑CSF (rhG‑CSF) administered to mobilize periph‑
eral blood stem cells include spinal bone pain and osteoporosis
(with vertebral fractures in severe cases), myocardial infarc‑
tion, stroke and splenomegaly (with splenic rupture in severe
cases). It has been reported that G‑CSF signaling induces
osteoporosis by activating osteoclasts through suppression of
osteoblast activity (3‑6). Furthermore, the abnormal accumu‑
lation of fluorodeoxyglucose (FDG) in the red bone marrow
on positron emission tomography/computed tomography
(PET/CT) is attributed to the enhancement of glucose metabo‑
lism by the increased hematopoietic capacity of the granulocyte
system of the bone marrow induced by G‑CSF (7‑9). Although
several cases of solid cancers, such as lung cancer and head
and neck cancer, that produce G‑CSF with abnormal FDG
accumulation on PET/CT have been published, no systemic
complications have been reported to date (10,11). A case of
a suspected pathological fracture of a lumbar vertebra and
splenomegaly associated with G‑CSF cytokine production by
maxillary sinus squamous cell carcinoma (SCC) is described
herein. This mechanism is similar to the clinical conditions
when high‑dose rhG‑CSF is administered. Therefore, the aim
of the present study was to further examine the hypothesis
that cytokines produced by solid tumors may induce vertebral
fractures and splenomegaly.
Case report
A 73‑year‑old Japanese woman was referred to the Kochi
Medical School Hospital (Kochi, Japan) in August 2018, with
a complaint of painful swelling on the right side of the maxil‑
lary gingiva for the last month. The patient's history included
osteoporosis, for which she received conservative treatment
following a fracture at the 3rd lumbar vertebra (L3) in 2008,
and had been receiving risedronate hydrate (17.5 mg/week)
since 2014. Her family history was unremarkable. On a regular
medical examination by a local internal medicine specialist,
the patient was found to have an increased white blood
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cell (WBC) count (50,100/µl; normal range: 3,300‑8,600/µl)
and elevated C‑reactive protein (CRP) levels (3.98 mg/dl;
normal value: ≤0.14 mg/dl).
The initial examination revealed a painful swelling with
redness extending from the gingival‑cheek junction on the
right side of the maxilla to the palate, and maxillary CT exam‑
ination revealed a uniform low‑density area occupying the
right maxillary sinus (Fig. 1A and B). Biopsy was performed
under the provisional diagnosis of a maxillary sinus tumor.
The histopathological diagnosis was poorly differentiated
SCC, and immunohistochemical staining for anti‑G‑CSF
antibody was positive (Fig. 1C and D). Based on these results,
the patient was diagnosed with a G‑CSF‑producing SCC
of the maxillary sinus (TNM classification: cT3N0Mx).
Chemoradiotherapy was selected as the treatment strategy,
avoiding extended maxillary resection. After the biopsy,
the WBC count decreased (9,800/µl), but it increased again
1 month later (125,300/µl), so concomitant superselective
intra‑arterial infusion chemoradiotherapy (CCRT) was sched‑
uled (Fig. 2; Table I). FDG‑PET/CT conducted at the same
time showed no evidence of distant metastasis in the lungs or
liver, but revealed diffuse abnormal accumulation of FDG in
the red bone marrow of the whole body, including the spine
(Fig. 3). Three days later, the patient suddenly complained of
severe lower back pain, and lumbar MRI examination revealed
a burst fracture of the L2 vertebra, but no obvious distant bone
metastasis was observed (Fig. 4). Subsequently, the patient was
treated conservatively with a hard brace for 1 month, while
CCRT (cisplatin: Total 650 mg; RT: 60 Gy) was performed
for the maxillary sinus cancer, and the WBC count decreased
significantly (4,400/µl at 1.5 months post‑CCRT).
No evidence of spinal metastasis was found for ~2 years,
from the time of the L2 fracture to the diagnosis of terminal
disease (Fig. 5). During that period, the patient underwent
boron‑neutron capture therapy (BNCT) for recurrence of the
primary lesion, selective neck dissection for late neck lymph
node metastasis, and nivolumab immunotherapy for distant
lung metastasis for ~6 months (Fig. 2). However, due to the
elevated WBC count (131,700/µl; Fig. 2; Table I), onset of
splenomegaly (Fig. 6), decreased performance status, uncon‑
trolled primary tumor and the patient's wishes, she switched to
best supportive care (BSC) and she succumbed to the disease
2 years and 2 months after the initial visit.
Discussion
G‑CSF‑producing tumors are associated with a poor prog‑
nosis, with a mean survival of <1 year (1,2). In the present case,
however, the patient survived for >2 years, as she was able to
maintain stable disease with CCRT, BNCT, neck dissection
and nivolumab immunotherapy. The patient was also diag‑
nosed with metastatic cervical lymph nodes and distant lung
metastases, complained of severe pain at the site of cervical
metastasis and requested resection. Therefore, selective neck
dissection was performed prior to nivolumab immunotherapy.
For head and neck cancer, when distant metastases are
identified, various treatment strategies, including BSC, may
be selected, taking into consideration the patient's quality
of life (12). Selective neck dissection prior to nivolumab
immunotherapy has helped maintain the quality of life of the

patients, and our approach was among the treatments consid‑
ered as standard. During the treatment period, the patient's
WBC count, serum G‑CSF and alkaline phosphatase (ALP)
levels followed the same trend, and extremely high values were
associated with the occurrence of two systemic complications,
namely vertebral fracture and splenomegaly.
The pathological burst fracture of a lumbar vertebra was
inferred to be the consequence of G‑CSF produced by the
maxillary sinus SCC in this elderly patient with osteopo‑
rosis, rather than bone metastasis, for the following reasons:
First, lumbar MRI of the vertebral fracture (Fig. 4) and
FDG‑PET/CT examination performed 8 months after the L2
vertebral fracture (upon recurrence of the primary lesion;
Fig. 5) revealed no findings suggesting bone metastasis in
L2. Furthermore, the L2 vertebral fracture was not of the
compression, but rather of the burst type (Fig. 4). Second,
FDG‑PET/CT performed a few days before the L2 vertebral
fracture revealed abnormal diffuse accumulation of FDG in
the red bone marrow of the whole body (Fig. 3). These find‑
ings are often seen in cases of hematopoietic tumors such as
leukemia, malignant lymphoma and multiple myeloma, which
are associated with complications such as bone pain and
vertebral fractures (7‑9). Finally, the patient's WBC count,
serum G‑CSF, ALP, CRP levels, SCC antigen titer and bone
ALP increased sharply at the time of the L2 vertebral fracture
(Fig. 2; Table I).
Although the serum Ca level was slightly low (7.9 mg/dl;
normal range: 8.8‑10.1 mg/dl) after tumor extirpation (prior
to the L2 vertebral fracture), no significant changes were
observed throughout the treatment period (Table I).
The mechanism by which G‑CSF causes fractures is
known to be activation of osteoclasts through suppression
of osteoblast activity, and there are some reports that bone
mineral loss is caused in pediatric patients with congenital
neutropenia and hematopoietic tumors (3‑6). Furthermore,
the abnormal accumulation of FDG in the red bone marrow
of the whole body on PET/CT is considered to be due to the
enhancement of glucose metabolism caused by the increased
hematopoietic activity of the granulocyte system of the bone
marrow induced by G‑CSF. These FDG‑PET findings have
been reported in several cases of solid tumors, such as lung
cancer and head and neck cancer, that produce G‑CSF (10,11),
but no spine‑related complications have been reported to
date. In a case previously reported by Kuroshima et al (11),
FDG‑PET/CT revealed an L4 vertebral fracture during the
treatment period, although there has been no mention of this
adverse event in the literature to date; this may have been a
vertebral fracture that occurred through the same mechanism
as that described in the present study. However, a search
through the literature using the PubMed engine revealed no
other reports suggesting that G‑CSF produced by solid tumors
was associated with vertebral fractures.
On the other hand, splenomegaly and splenic infarction
have been reported to occur in association with hematological
malignancies, infective endocarditis and atrial fibrillation. It
is considered that the administration of rhG‑CSF prepara‑
tions may cause splenic rupture or infarction, as platelet
aggregation through the recruitment of hematopoietic
stem cells into the peripheral blood causes infarction of
the intra‑splenic vessels (13,14). According to Khinji and
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Figure 1. Clinical and histopathological findings. (A) Initial examination revealed a painful swelling with redness extending from the gingival‑cheek junction
on the right side of the maxilla to the palate. (B) Maxillary CT examination revealed a uniform low‑density area occupying the right maxillary sinus. (C) HE
staining; magnification, x200. Following histopathological examination of the tumor biopsy specimen, the diagnosis was poorly differentiated squamous cell
carcinoma. (D) On immunohistochemical examination (magnification, x100), staining for anti‑granulocyte colony‑stimulating factor antibody was positive.

Figure 2. Summary of laboratory findings and clinical course. WBC, white blood cell; CCRT, concomitant chemoradiotherapy; BNCT, boron‑neutron capture
therapy; G‑CSF, granulocyte colony‑stimulating factor; ALP, alkaline phosphatase.
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Table I. Laboratory findings.

Findings

Year
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
2018
2019
2020
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
September
October
November		
January
September
October
September
(Pre‑biopsy) (Post‑biopsy) (Pre‑CCRT) December (Post‑CCRT) (Pre‑BNCT) (Post‑BNCT)
(BSC)

WBC count
71.1
9.8
125.3
64.1
5.3
22.6
8.6
131.7
(x1,000/µl)								
G‑CSF
1,250
149
2,290
1,330
65.8
480
48.7
1,010
(pg/ml)								
ALP (U/l)
1,097
483
2,339
1,571
449
546
334
1,232
CRP (mg/dl)
6.5
2.37
8.91
5.45
0.68
4.46
1.19
13.92
SCC Ag
NA
4.8
25.8
3.2
1.6
2.4
1.7
30.9
(ng/ml)								
BAP (µg/ml)
NA
17.3
75
30.7
NA
NA
NA
NA
Ca (mg/dl)
9
7.9
8.9
9
8.9
9.2
8.5
8.8
WBC, white blood cell; G‑CSF, granulocyte colony‑stimulating factor; ALP, alkaline phosphatase; CRP, C‑reactive protein; SCC Ag, squa‑
mous cell carcinoma antigen; BAP, bone ALP; BNCT, boron‑neutron capture therapy; CCRT, concomitant chemoradiotherapy; BSC, best
supportive care; NA, not available.

Figure 3. FDG‑positron emission tomography findings prior to the L2 verte‑
bral fracture and prior to concomitant chemoradiotherapy. White blood cell
count, 125,300/µl; serum granulocyte colony‑stimulating factor, 2,290 pg/ml;
alkaline phosphatase, 2,339 U/l. Diffuse abnormal accumulations of FDG
are observed in the red bone marrow of the whole body, including the spine.
Increased FDG uptake from the right side of the maxilla to the palate is also
observed. FDG, fluorodeoxyglucose.

Figure 4. MRI findings of the vertebral fracture on T2 weighted images with
fat suppression. High signal intensity is observed in the L2 vertebra. The L2
vertebral fracture is a new fracture of the burst type, whereas the L3 is an old
fracture of the compression type.
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Linenberger (14), of 2,992 cases of adverse events linked to
rhG‑CSF preparations, 15 (0.5%) included splenomegaly;
in addition, Aubrey‑Bassler and Sowers (15) reported that,
of 613 cases of splenic rupture, 10 (1.6%) were associated
with rhG‑CSF preparations. There are several case reports of
splenic rupture and infarction when rhG‑CSF preparations
were administered to patients with cancer for the purpose
of treating or preventing myelosuppression by chemotherapy
and to healthy donors prior to stem cell transplanta‑
tion (16‑19). However, the PubMed search revealed no reports
of splenomegaly hypothetically associated with G‑CSF
produced by solid tumors, other than the present case and
a previously reported case by de Wolff et al (20). The study
of de Wolff et al did not report the serum G‑CSF levels over
time, and there was no evidence that metastatic melanoma
produced G‑CSF. The authors suspected that melanoma was
producing G‑CSF as the cause of leukocytosis. Moreover, in
their study, the findings of chest and abdominal CT examina‑
tion suggested lung, liver and spleen metastases; therefore,
they did not associate melanoma‑produced G‑CSF with
splenomegaly, unlike our report.
In addition, other previous reports indicated that G‑CSF
can upregulate the expression of MMPs and can induce
cancer cell invasion and metastasis (21‑23). Therefore, in
the present case, G‑CSF‑related complications may include
not only vertebral fracture and splenomegaly, but also lung
metastasis.
Finally, the findings of this case report indicated that
G‑CSF produced by head and neck cancer may promote the
occurrence of vertebral fracture and splenomegaly. Therefore,
serum G‑CSF produced by tumor cells may be associated with
various systemic complications.
Figure 5. FDG‑positron emission tomography findings 8 months after the L2
vertebral fracture (upon recurrence of the primary lesion). White blood cell
count, 36,700/µl; serum granulocyte colony‑stimulating factor, 875 pg/ml;
alkaline phosphatase, 632 U/l. Diffuse abnormal accumulation of FDG in the
red bone marrow was found to be decreased. FDG uptake in the L2 vertebra
is not observed, whereas increased FDG uptake is observed in the right side
of the maxilla (primary lesion). FDG, fluorodeoxyglucose.
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