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Abstract. A 78‑year‑old male patient was referred to the  
Department of Oral Surgery, Hokuto Hospital (Obihiro, 
Japan) for painless swelling on the left neck and tongue. 
Histopathological examination of a biopsy specimen resulted in 
a diagnosis of squamous cell carcinoma of the tongue. Imaging 
examinations revealed cervical lymph node metastases on both 
sides, along with diffuse uptake of 18F‑fluorodeoxyglucose 
(FDG) in the bone marrow of the spine and pelvis. Hematologic 
tests revealed an increased white blood cell (WBC) count and 
serum concentrations of granulocyte colony stimulating factor 
(G‑CSF). These findings suggested a G‑CSF producing tumor, 
with fluctuations of WBC count, serum G‑CSF concentration, 
and FDG uptake in the bone marrow, associated with tumor 
shrinkage and enlargement, an indicator of tumor status.

Introduction

Granulocyte colony stimulating factor (G‑CSF) is a cytokine 
mainly produced by macrophages, fibroblasts and endothelial 
cells in an inflammatory milieu. G‑CSF stimulates neutrophil 
precursors, resulting in an increase in neutrophils, and recruits 
neutrophils from the bone marrow to peripheral blood. G‑CSF 
is an important factor in infection prophylaxis, and recombi-
nant G‑CSF is universally used to treat neutropenia (1). G‑CSF 
is also produced by non‑hematologic malignancies with high 
leukocyte counts, consisting predominantly of neutrophils, 
in patients without infectious diseases. Most of these G‑CSF 
producing tumors are present in the lungs (2), with tumors 

in the oral regions being rare. This report describes a patient 
with a tongue carcinoma producing G‑CSF, as well as showing 
diffuse uptake of FDG in the bone marrow.

Case report

In July 2013, a 78‑year‑old man visited the Department of 
Oral Surgery, Hokuto Hospital (Obihiro, Japan) with a 2‑week 
history of painless swelling on the left neck and tongue. The 
patient had no systemic complications and no significant 
family history. Some cervical lymph nodes on both sides were 
palpable (Fig. 1A). Intra‑oral examination showed a tumor 
with induration about 40 mm in diameter on the left side of 
the tongue (Fig. 1B). Cytological examination of a swollen 
left lymph node showed atypical squamous cells, and patho-
logical examination of a biopsy of the tongue tumor revealed 
a squamous cell carcinoma. A computed tomography (CT) 
scan with contrast demonstrated a large lateral oral tongue 
tumor of diameter 42 mm, without extension to the extrinsic 
muscles of the tongue; and some metastatic cervical lymph 
nodes that were enlarged, nonhomogeneously enhanced, and 
partially necrotic. Metastatic disease of left middle jugular 
lymph node was >30 mm in maximum diameter (Fig.  2). 
18F‑f luorodeoxyglucose‑positron emission tomography 
(FDG‑PET)/CT showed abnormally high uptake by the tongue 
tumor (maximum standardized uptake value [SUVmax] 22.19) 
and by the four large metastatic nodes, with the large left 
middle jugular node having an SUVmax of 14.43 (Fig. 3A). 
Diffuse FDG uptake was also observed in the bone marrow 
of the spine and pelvis (Fig. 3B). These findings suggested 
that hematopoietic capacity was enhanced. Hematological 
examination showed leukocytosis (WBC count 21,680 µl‑1), 
dominated by neutrophils (86.4%), and a high serum concentra-
tion of C‑reactive protein (CRP), 4.47 mg/dl (Table I). Because 
we suspected that these findings were due to G‑CSF produced 
by the tumor, additional analyses were performed. Although 
immunohistochemical staining of a paraffin‑embedded tongue 
biopsy specimen with monoclonal anti‑G‑CSF antibody 
yielded negative results, the patient's serum G‑CSF level was 
increased, to 117.0 pg/ml (normal, <39.0 pg/ml). He had no 
symptoms of infectious disease, including fever, and no blast 
cells in his peripheral blood.
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Because the initial diagnosis of the tumor was cT3N3M0, 
we thought that it was resectable. However, the patient refused 
surgical treatment, radiation therapy and intravenous chemo-
therapy. Therefore, he was treated with oral chemotherapy, 
consisting of 3‑week cycles of 100 mg/day S1 for 2 weeks 
followed by a 1‑week rest. Following the second treatment 
cycle, we observed marked shrinkage of the patient's primary 
tumor and metastatic cervical lymph nodes (Fig. 4), along 
with reductions in his WBC count (9,930 µl‑1), neutrophil 
count (72.7%) and serum CRP (0.47  mg/dl) and G‑CSF 
(54.9 pg/ml) concentrations (Fig. 5). After the fourth cycle 
of chemotherapy, the tongue tumor further decreased in size 
(Fig. 6), but regrowth of the tumor in the left middle jugular 
node was observed. In addition, his WBC count (13,670 µl‑1), 
neutrophil count (79.2%) and CRP concentration (1.19 mg/dl) 
had again increased (Fig. 5). At the end of the sixth cycle of 
chemotherapy, the tumor in the left node had increased further 
and become painful, and his WBC count (24,980 µl‑1), neutro-
phil count (87.2%) and CRP concentration (3.85 mg/dl) had 
increased (Fig. 5). Although FDG uptake was observed in the 
left metastatic node (SUVmax 17.52) and the bone marrow, 
FDG did not accumulate in the primary tongue tumor and in 
other node lesions (Fig. 7). Because of neck pain, the patient 
consented to chemoradiotherapy as curative treatment with the 
possibility of pain relief. He was therefore started on inten-
sity‑modulated radiation therapy with concurrent low‑dose 
daily CDDP (4 mg/m2), but radiation was discontinued at 
10 Gy due to patient refusal. Thereafter, he received supportive 
care and died of the disease one year after initial examination.

Discussion

Leukocytosis in association with non‑hematologic malignan-
cies in the absence of infectious disease is a paraneoplastic 
syndrome (1). These tumors are thought to produce G‑CSF, 
resulting in leukocytosis, consisting predominantly of 
neutrophils. G‑CSF‑producing tumors are characterized 
by i) increased WBC counts, predominantly neutrophils, in the 
absence of infectious and hematologic diseases; ii) increased 
serum G‑CSF level; iii) normalization of WBC count and 
serum G‑CSF level after remission or removal of the tumor; 
and iv) presence of G‑CSF in tumor tissues (3,4).

At initial examination, the patient described in this report 
was found to have marked leukocytosis, predominantly 
consisting of neutrophils, and increased serum G‑CSF levels. 
Immunohistochemical staining of a tongue biopsy specimen 
with monoclonal anti‑G‑CSF antibody yielded negative 
results, similar to findings in many other patients with G‑CSF 
producing tumors (5,6). Negative staining of tumor tissue 
may be caused by the rapid secretion of G‑CSF from tumor 
cells (7). Although this tumor was not resected, oral chemo-
therapy, which reduced the size of the tumor, reduced his 
WBC count and serum G‑CSF concentration to near normal 
levels. S1 can cause hematotoxicity, resulting in decreased 
WBC count. Therefore, the reductions of WBC count and 
serum G‑CSF concentration in our patient may have been 
related to the side effects caused by S1. However, subsequent 
regrowth of the tumor on the left node was accompanied by 
increases in WBC count and serum G‑CSF concentration. 
The correlation of these two parameters with shrinkage and 

enlargement of the tumor suggested that this tumor produced 
G‑CSF.

FDG‑PET, which assesses glucose uptake and metabolism, 
is broadly recognized as a useful modality for tumor imaging. 
FDG‑PET imaging of patients with G‑CSF‑producing tumors 
has shown diffuse uptake of FDG throughout the bone 
marrow and markedly elevated uptake of FDG by the primary 
tumor (2). Moreover, the bone marrow uptake of FDG was 

Figure 2. Axial contrast‑enhanced computed tomography scan showing four 
enlarged, necrotic nodes, with irregular and enhancing rims on both sides 
of each.

Figure 1. Physical findings at first examination. (A) A swollen node on the left 
side of the neck. (B) The tumor on the left side of the tongue.
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found to correlate with peripheral WBC count, especially 
neutrophils, and to reflect the increased metabolic activity 
of bone marrow (8). Treatment with recombinant G‑CSF has 
been reported to increase the metabolism and cellularity of 
bone marrow, resulting in increased bone marrow uptake 
of FDG (9). Thus, G‑CSF producing tumors are thought to 
enhance bone marrow metabolism, resulting in FDG uptake 
in the bone marrow.

Cancer patients with FDG‑uptake in the bone marrow 
require differential diagnosis of bone metastases. In general, 
bone metastases from oral squamous cell carcinoma, a 
solid tumor type, are present as solid tumors with focal 
uptake of FDG. In contrast, the diffuse uptake of FDG in 
the bone marrow has also been reported in patients with 
leukemia, lymphoma, histiocytosis, myeloma, and myeloid 
hyperplasia, as well as after treatment with cytokines and 
erythropoietin (10). In other words, diffuse uptake of FDG 
in bone marrow does not indicate metastases from oral 
cancer, in general. In our patient, uptake of FDG in the bone 
marrow was not focal but diffuse. Therefore, we deemed that 
there was no metastasis to the bone marrow and that diffuse 
uptake of FDG in the bone marrow was founded to reflect 
the increased metabolic activity of bone marrow by G‑CSF. 
Moreover, our patient had no symptoms or laboratory find-
ings suggesting that bone marrow disease or hematopoietic 
malignancy was the cause of diffuse uptake of FDG in bone 

Figure 4. Physical findings following the second cycle of S1 treatment. 
(A) Marked reduction in the size of the node lesions. (B) Marked shrinkage 
of the primary tongue tumor.

Figure 3. FDG‑PET findings before chemotherapy. (A) High uptake of FDG 
by the tumor on the left side of the tongue and the node lesions. (B) Diffuse 
uptake of FDG by bone marrow. FDG‑PET, 18F‑fluorodeoxyglucose‑positron 
emission tomography.

Table I. Hematological examination at first visit.

Variables	 Values

WBC	 21,680/µl
Neut	 86.4%
Eos	   1.0%
Bas	   0.2%
Mon	   4.2%
Lym	   8.2%
RBC	 297x104/µl
Hb	 9.0 g/dl
Hct	 27.4%
Plt	 44.8x103/µl
TP	 6.7 g/dl
Alb	 2.7 g/dl
AST	   12 U/l
ALT	   12 U/l
LDH	 109 U/l
γ‑GTP	   33 U/l
BUN	 8.9 mg/dl
Cr	 0.67 mg/dl
Na	 136 mEq/l
K	 4.0 mEq/l
Cl	 102 mEq/l
Ca	 7.8 mEq/l
CRP	 4.5 mg/dl
SCC	 1.3 ng/ml
G‑CSF	 117.0 pg/ml

WBC, white blood cells; Neut, neutrophils; Eos, Eosinophils; Mon, 
monocytes; Lym, lymphocytes; RBC, red blood cells; Hb, hemo-
globin; Hct, hematocrit; Plt, platelets; TP, total protein; Alb, albumin; 
AST, aspartate aminotransferase; ALT, alanine aminotransferase; 
LDH, lactate dehydrogenase; γ‑GTP, γ‑glutamyl transpeptidase; 
BUN, blood urea nitrogen; Cr, creatinine; Na, sodium; K, potassium; 
Cl, Chloride; Ca, calcium; CRP, C‑reactive protein; SCC, squamous 
cell carcinoma antigen; G‑CSF, granulocyte colony stimulating factor.
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marrow. Therefore, we did not perform a bone marrow 
examination in this patient.

G‑CSF produced by a tumor may also contribute to 
marked tumor infiltration by inflammatory cells, a process 
that which may enhance tumor uptake of FDG (2). Our patient 
showed marked FDG uptake by both the tongue tumor and 
the metastatic nodes. In addition, the regrown tumor in the 
left node showed marked FDG uptake, with an SUVmax of 

17.52, despite the absence of uptake by the primary tongue 
tumor and the other metastatic nodes. WBC count, CRP 

Figure 5. Laboratory findings during the course of chemotherapy. Following the second cycle of S1, WBC count, neutrophil count and serum G‑CSF and CRP 
concentrations were decreased to near normal, with shrinkage of the primary tumor and metastatic nodes. Following the fourth cycle, WBC count, neutrophil 
count and CRP increased with regrowth of the tumor in the left node. WBC, white blood cells; G‑CSF, granulocyte colony stimulating factor; CRP, C‑reactive 
protein.

Figure 6. View showing disappearance of the tongue tumor after the fourth 
cycle of S1 treatment.

Figure 7. FDG‑PET findings after chemotherapy. (A) Uptake of FDG by the 
primary tongue tumor and some node lesions was not observed. However, 
the left metastatic node showed high uptake of FDG. (B) Diffuse uptake of 
FDG by bone marrow. FDG‑PET, 18F‑fluorodeoxyglucose‑positron emission 
tomography.
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concentration and FDG uptake in bone marrow were also 
increased at the same time. These findings suggested that 
the tumor in the left node, rather than the primary tongue 
tumor and the other metastatic nodes, may have the potential 
to produce G‑CSF.

G‑CSF producing tumors are associated with aggressive 
tumor behavior and poor patient prognosis, regardless of the 
primary site and pathological type of the tumor. The lungs 
are the most frequent site of G‑CSF producing tumors (2), 
followed by sites such as the liver  (11), stomach  (5) and 
bladder (1). However, G‑CSF producing tumors are rarely 
detected in the oral regions (4,7,12,13). The survival time of 
patients with G‑CSF‑producing tumors has been reported 
to be approximately 6 months (5). To our knowledge, 7 of 
8 patients with these tumors in the head and neck region died 
within 1 year of diagnosis (average 8 months), as did our 
patient (4,7,12‑17).

Several hypotheses may explain the causes poor prognosis 
of patients with G‑CSF‑producing tumors. G‑CSF is frequently 
produced by poorly differentiated and undifferentiated carci-
nomas (5,6), and many of these G‑CSF producing tumors are 
initially detected at advanced stage (1,5‑7,12,13). In addition, 
the G‑CSF produced by these tumors may contribute to tumor 
progression by autocrine and paracrine mechanisms (18,19), 
as well as promoting angiogenesis and tumor growth (20). No 
standard therapy has yet been established for G‑CSF producing 
tumors, but multimodal treatment should be initiated rapidly 
to improve prognosis.

In conclusion, although oral G‑CSF producing tumors are 
rare, the combination of diffuse uptake of FDG in the bone 
marrow and leukocytosis, especially of neutrophils, may 
suggest this tumor type. Alterations in these parameters may 
be useful as markers of tumor status.
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