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Abstract This report describes a rare case of hepatocel-
lular carcinoma (HCC) producing granulocyte colony-
stimulating factor (G-CSF). A 46-year-old male with chronic
hepatitis B, who presented with fever, general malaise, loss
of appetite, and weight loss, had a huge liver mass in the
portal region. He had marked granulocytosis and his serum
level of G-CSF was elevated. Complete tumor resection was
performed, and the pathological assessment of the resected
specimen revealed HCC with extensive sarcomatous chan-
ges and immunohistochemical staining for G-CSF and
G-CSF receptor. Only a few cases of G-CSF-producing HCC
have been reported, and this is the first case of G-CSF-pro-
ducing HCC that also expressed G-CSF receptor.

Keywords G-CSF-producing tumor - Hepatocellular
carcinoma - Leukocytosis - Surgical resection -
Immunohistochemistry

Introduction

Granulocyte colony-stimulating factor (G-CSF) is a natu-
rally occurring glycoprotein that stimulates the proliferation
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and maturation of precursor cells in the bone marrow into
fully differentiated neutrophils [1]. Marked leukocytosis
without infection is sometimes found in patients with non-
hematological malignancies. The cancer cells themselves
may produce granulopoietic factors such as G-CSF. Asano
et al. [2] first reported a case of G-CSF-producing lung
cancer in 1977, and several studies have identified an
aberrant expression and production of G-CSF by tumor
cells in bladder cancer, osteosarcoma, thyroid cancer,
gallbladder cancer, uterine cervical cancer, and especially
lung cancer [3-8]. G-CSF-producing tumors grow rapidly
and generally have a poor prognosis.

Hepatocellular carcinoma (HCC) is a common malig-
nancy, and one of the major causes of death in Asian
countries. HCC usually develops in patients with cirrhosis
and chronic hepatitis caused by hepatitis B or C virus
infection. Most cases of HCC are asymptomatic, but fati-
gue and abdominal right upper quadrant pain are some-
times noted. However, fever is a rare primary symptom in
HCC. HCC with pyrexia has been reported in only a few
studies [9, 10].

This report presents a rare case of HCC accompanied by
a prolonged spiking fever, which disappeared after tumor
resection. Immunohistochemical staining of HCC in this
patient revealed the production of G-CSF and the expres-
sion of G-CSF receptor, and the patient experienced early
recurrence of HCC and rapid regrowth.

Case report
A 46-year-old male was admitted due to a prolonged high
fever, general malaise, loss of appetite, and weight loss

over the past 2 months. He had chronic hepatitis B when he
was 40 years old, but he was not treated. He showed no
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Table 1 Laboratory data for the patient (normal range)

Peripheral blood counts

WBC 51670/ul (3500-9000)
Neut 90.5 % (40-70)
Lymp 51 % (18-53)
Mono 32 % (2-12)

Eos 0.9 % (1-4)
Baso 0.3 % (0-1)

RBC 392 x 10*/ul (450-550)

Hb 11.4 g/dl (14.0-18.0)

Hct 345 % (36.0-52.0)

Plt 26.1 x 10*/ul (14.0-44.0)

Coagulation

PT 68 % (70-130)

PT-INR 1.26 (0.90-1.10)

APTT 384 s (26.041.0)

Serology

CRP 27.43 mg/dl (<0.10)

HBsAg (+)

HBeAg (=)

HBeAb +)

HCVAb (=)

Tumor markers

AFP 386.4 ng/ml (<6.2)

AFP-L3 84.3 % (<10)

PIVKA-II 113 mAU/ml (<40)

CEA 1.5 ng/ml (<3.2)

CA19-9 4.0 U/ml (<37.0)

Biochemistry

TP 7.0 g/dl (6.7-8.3)
Alb 2.3 g/dl (4.0-5.0)
BUN 8 mg/dl (8-22)

Cr 0.57 mg/dl (0.60-1.10)
Ca 8.8 mg/dl (8.7-10.3)
T-Bil 1.3 mg/dl (0.3-1.2)
D-Bil 0.8 mg/dl (0.0-0.3)
AST 17 U/ (13-33)
ALT 23 U/l (6-30)
ALP 1775 UN (115-359)
y-GTP 543 UN (10-47)
LDH 217 UN (119-229)
Fe 17 pg/dl (70-190)
UIBC 126 pg/dl (130-370)
Ferritin 1119.9 ng/ml (39.9-465.0)
FBS 107 mg/dl (69-109)
NH; 33 pg/dl (12-66)
Others

ICGR15 3.0 % (0-10)
G-CSF 195 pg/ml (<39.0)
IL-1a <3.9 pg/ml (<3.9)
IL-15 <10 pg/ml (<10)
IFN-y <0.1 TU/ml (<0.1)
IL-6 168 pg/ml (<4.0)
IL-8 245 pg/ml (<2.0)
TNF-o 9.2 pg/ml (0.6-2.8)
GM-CSF <8 pg/ml (<8)

TP total protein, Neut neutrophils, Lymp lymphocytes, BUN blood urea nitrogen, Mono monocytes, Cr creatinine, Eos eosinophils, Baso
basophils, 7-Bil total bilirubin, RBC red blood cells, D-Bil direct bilirubin, Hct hematocrit, Plt platelets, PT prothrombin time, LDH lactate
dehydrogenase, INR international normalized ratio, APTT activated partial thromboplastin time, UIBC unsaturated iron binding capacity, FBS
fasting blood sugar, HBeAg hepatitis B e antigen, HBeAb hepatitis B e antibody, /CGR15 indocyanine green retention in 15 min, HCVAb
hepatitis C virus antibody, GM-CSF granulocyte—-macrophage colony-stimulating factor

signs of alcohol addiction. His mother had liver disease.
His temperature was over 38.5 °C, and a physical exami-
nation revealed a hard mass palpable at the epigastric
region, and a tattoo on his back. Hematological laboratory
data upon admission were (Table 1): white blood cell count
(WBC) 51670/ul (neutrophils 90.5 %), C-reactive protein
(CRP) 27.43 mg/dl, o-fetoprotein (AFP) 386.4 ng/ml
[fucosylated o-fetoprotein (AFP-L3) 84.3 %], and protein
induced by the absence of vitamin K (PIVKA)-II
113 mAU/ml. Hepatitis B surface antigen (HBsAg) was
positive. Computed tomography (CT) showed a peripher-
ally enhanced, low-density mass, 10 cm in diameter,
located in the hepatic portal region and derived from seg-
ment 4 (Fig. 1a). The center of the tumor was in a low-
density area suggestive of necrosis or degeneration,
whereas the surrounding area was enhanced in early phase,
contrast-enhanced CT and washed out in the late phase.
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The tumor displaced the head of the pancreas left-dorsally,
the descending duodenum dorsally, and the gallbladder and
right liver lobe to the right side (Fig. 1b). Angiographic
examination showed that the tumor had hypervascularity
(Fig. 1c). Fluorodeoxyglucose positron emission tomogra-
phy (FDG-PET) showed a hypermetabolic lesion [stan-
dardized uptake value (SUV)j.x = 25.0] in the area
surrounding the tumor, and a diffusely abnormal accumu-
lation of FDG in bone marrow throughout the body
(Fig. 1d).

There was a possibility of co-infection or an association
with the presence of hematological malignancy such as
leukemia, because he had high fever, extreme leukocytosis,
high serum levels of CRP, and a diffusely abnormal
accumulation of FDG in bone marrow throughout the body
identified by FDG-PET. Blood cultures were tested several
times after admission, but were all negative for bacteria



Surg Today (2013) 43:439-445

441

Fig. 1 a, b CT findings. A tumor measuring 10 cm in diameter
located in the hepatic portal region and derived from segment 4 (white
arrow heads). The surrounding area of the tumor was enhanced in the
early phase of contrast medium infusion (black arrow heads) and
washed out in the late phase. ¢ Abdominal angiography findings.

and fungi, and serum procalcitonin and endotoxin were all
negative. No infective foci could be detected in any other
organs by radiography or CT. Whole body bone scintig-
raphy showed no evidence of any abnormal accumulation
that indicated bone metastasis. Bone marrow aspiration
revealed hypercellularity of three series of hematopoietic
cells with varying degrees of maturity. The number of
neutrophils and megakaryocytes was increased. Hyper-
plastic changes related to the tumor were suspected. These
findings indicated that he had no co-infection or hemato-
logical malignancies, and he was diagnosed with HCC and
paraneoplastic syndrome.

His condition was explained to the patient and his
family, and they provided informed consent for surgery. He
underwent segment 4 partial hepatectomy. There was a
small amount of ascites, but the cytological analysis
revealed no malignant cells. The tumor was observed in
segment 4 of the liver and expanded to the peritoneal
cavity. There were severe adhesions around the tumor,
stomach, duodenum and transverse colon, and the trans-
verse colon was partially cut with the tumor. The tumor
was resected, and his fever disappeared (<37.0 °C) by
postoperative day 5 without any use of nonsteroidal anti-
inflammatory drugs; WBC rapidly returned to the normal

Superior mesenteric artery (SMA) angiography showed inferior part
of the tumor was hypervascular. d FDG-PET showed a hypermeta-
bolic lesion (SUV ,,x = 25.0) in the area surrounding the tumor, and
a diffusely abnormal accumulation of FDG in the bone marrow
throughout the body (white arrow heads)

range (postoperative day 5: 7040/ul), and CRP dropped
gradually from 20.38 (postoperative day 1) to 0.44 (post-
operative day 14). He had an uneventful postoperative
recovery without any complications and was discharged
15 days after surgery.

There was preoperative elevation of serum G-CSF,
interleukin (IL)-6, IL-8 and tumor necrosis factor (TNF)-a
to 195 pg/ml (normal value: <39.0 pg/ml), 168 pg/ml
(normal value: <4.0 pg/ml), 245 pg/ml (normal value:
<2.0 pg/ml) and 9.2 pg/ml (normal value: 0.6-2.8 pg/ml),
respectively. However, IL-1a, IL-1p, interferon (IFN)-7,
and granulocyte-macrophage colony-stimulating factor
(GM-CSF) were within the normal range (Table 1), the
serum G-CSF, IL-6, IL-8 and TNF-o levels decreased
14 days after surgery to 20.1, 9.5, 3.4 and 4.3 pg/ml,
respectively. FDG-PET after surgery showed that the dif-
fusely abnormal accumulation of FDG in the bone marrow
throughout the body, which was found before surgery, had
disappeared.

The resected specimen revealed that the tumor (12.0 x
9.0 x 9.5 cm) protruded through segment 4 of the liver
and expanded to the peritoneal cavity (Fig. 2). Direct
invasion of the transverse colon was observed. The cut
surface of the tumor was white and contained massive
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Fig. 2 Macroscopic findings.
The tumor (12.8 x 9.7 cm)
protruded through segment 4 of
the liver and expanded into the
peritoneal cavity (black arrow
heads). Direct invasion of the
transverse colon was observed
(red arrow head). The cut
surface of the tumor was white
and contained coagulation and
necrosis

coagulation and necrosis. Microscopic findings revealed
that the tumor was composed of sarcomatous spindle-
shaped malignant cells, pleomorphic cells with bizarre
nuclei and intense infiltration of neutrophils and histio-
cytes, and massive necrosis, focally admixed with moder-
ately to poorly differentiated HCC with trabecular and
compact patterns (Fig. 3a, b). The non-cancerous liver
showed mild chronic inflammation with bridging fibrosis
(A1, F3). Immunohistochemistry showed the ordinary
HCC cells to be positive for hepatocyte, glypican-3 and
CAMS.2 (focal), and the sarcomatous area was positive for
vimentin and neural cell adhesion molecule (Fig. 3c). The
sarcomatous component invaded the submucosa of the
transverse colonic wall. The sarcomatous area was positive
for G-CSF, and the nuclei of the tumor cells in the sarcom-
atous area were positive for G-CSF receptor (Fig. 3d, e). This
demonstrated that the tumor produced G-CSF and expressed
G-CSF receptor.

However, AFP and PIVKA-II were elevated again
approximately 40 days after surgery and recurrence was
detected in the locally resected portion and segment 7 of
the liver. The doubling time of recurrent tumor in segment

@ Springer

7 of the liver was 7 days. He underwent transcatheter
hepatic arterial infusion chemoembolization with miripla-
tin, radiotherapy and chemotherapy with gemcitabine and
sorafenib, but the HCC grew very rapidly, and he died
approximately 6 months after surgery.

Discussion

Okuda et al. [9] reported five HCC patients with pyrexia,
with an incidence of <1 % in Japan. They also noted that
very poorly differentiated sarcomatoid HCC can frequently
appear with pyrexia and leukocytosis mimicking a liver
abscess. Cancer cells produce humoral factors and cause
paraneoplastic syndrome. The clinical symptoms and lab-
oratory data showing fever and a high CRP level, which is
not commonly observed in patients with HCC, are sus-
pected to be due to humoral factors, especially inflamma-
tory cytokines. G-CSF is responsible for this kind of
paraneoplastic syndrome. Many cases of G-CSF-producing
tumors have been reported since Asano et al. [2] reported
the first case of a patient with lung cancer in 1977.
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Fig. 3 Histological examination. The tumor was composed of
sarcomatous spindle-shaped malignant cells, pleomorphic cells with
bizarre nuclei, an intense infiltration of neutrophils and histiocytes, and
massive necrosis, focally admixed with moderately to poorly differ-

entiated HCC with trabecular and compact patterns. a HCC compo-
nent [hematoxylin and eosin (H&E) stain, x100]. b Sarcomatous

However, G-CSF-producing HCC is extremely rare and
only six cases have so far been documented in the English
literature [11-16] (Table 2).

The immunohistochemical study in the current patient
revealed G-CSF staining in the cytoplasm of the sarcom-
atous component of the tumor. Extreme leukocytosis and
significant elevation of serum G-CSF were also noticed,
and the serum WBC and G-CSF levels decreased after
tumor resection. These findings confirm that the tumor was
a G-CSF-producing tumor.

G-CSF-producing tumors grow rapidly and generally
have a poor prognosis. G-CSF has been linked to tumor cell
growth in vitro [17] and has also been shown to promote
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component (H&E, x100). ¢ Immunohistochemical staining of
vimentin in the sarcomatous area of the tumor (x400). d Immunohis-
tochemical staining of G-CSF in the sarcomatous area of the tumor
(x400). e Immunohistochemical staining of G-CSF receptor in the
sarcomatous area of the tumor (x400)

cancer progression [18], but the mechanism has yet to be
elucidated. Although the mechanism by which certain liver
cancers produce G-CSF remains unclear, there is an inti-
mate relationship between the production of G-CSF in
cancer cells and their dedifferentiation [11]. The cells
might express bioactive G-CSF protein at more immature
stages of HCC. However, Aita et al. [15] reported that
G-CSF is associated with the growth and progression of
epithelial elements. Further investigation is therefore nec-
essary to clarify the relationship between G-CSF produc-
tion and sarcomatous transformation of liver cancer.

The prognosis of G-CSF-producing HCC is very poor,
and the majority of the patients die within a few months
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Table 2 Characteristics and clinical findings of G-CSF-producing HCCs

Case (reference) 1(11) 2(12) 3(13) 4(14) 5(15) 6(16) Our case

Age 67 66 69 70 74 55 46

Sex M M M M M F M

HCV + - - - - -

HBV - — — — - - +

WBC (/ul) 234000 45200 25450 26400 71700 52400 51670

G-CSF (pg/ml) 521 178 62 308 286 42 195

IL-6 (pg/ml) Unknown 26.4 26.7 689 47.1 Unknown 168

Pathology Poorly dif. Poorly dif. Moderately  Poorly dif. Poorly Poorly dif. = Moderately to
HCC HCC dif. HCC HCC/cCcC carcinosarcoma HCC poorly dif. HCC

Sarcomatous — + — + + — +

change

Treatment TAE+ Radical Radical Palliative TAE TAE Radical

chemotherapy surgery+ surgery surgery surgery+"
TAE

Prognosis® Dead Dead Dead Dead Dead (57 days) Dead Dead

(5 months) (4 months) (4 years) (34 days) (4 years) (7 months)

M male, F female, TAE transcatheter arterial embolization, CCC cholangiocellular carcinoma

* Prognosis began at diagnosis

® Transcatheter hepatic arterial infusion chemoembolization with miriplatin, radiotherapy and chemotherapy with gemcitabine and sorafenib

after the initial diagnosis. It is intriguing that four of six
cases were negative for both hepatitis B and C virus anti-
gens. This suggests that G-CSF-producing tumors have a
different pathogenetic background from that of conven-
tional HCC, which is associated with chronic hepatitis or
cirrhosis. The current case was associated with chronic
hepatitis B, and this is believed to be the first case of HCC
associated with G-CSF production and hepatitis B virus
antigen.

A simple regression analysis was performed to inves-
tigate the correlation between G-CSF levels and patient
prognosis, using the 7 cases shown in Table 2. The
analysis revealed no significant correlation, but a tendency
between G-CSF levels and patient prognosis (R* = 0.54,
P = 0.06). A significant correlation might be observed
with a larger number of cases. G-CSF also stimulates non-
hematopoietic tumor cells, which might explain the rela-
tionship between G-CSF and tumor growth. Tachibana
et al. [4] reported that G-CSF-producing tumor cells
express a G-CSF receptor that induces tumor cell growth
by G-CSF via autocrine pathways. Therefore, G-CSF-
producing tumors usually grow rapidly and the prognosis
is extremely unfavorable. Joshita et al. [13] performed
immunohistochemical staining for the G-CSF receptor,
which yielded negative results. Their case had a more
favorable prognosis (4 years) than other cases of G-CSF-
producing tumors. They speculated that the absence of
G-CSF receptors in the tumor caused a deficiency or the
absence of autocrine growth, which led to a more favor-
able prognosis. Tumor cell nuclei in the sarcomatous area
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were positive for G-CSF receptor in the current case.
G-CSF receptor is usually expressed in the cytoplasm
[19], but some reports have shown that G-CSF receptor is
expressed in the nuclei, especially in fetal tissues [20, 21].
Although the precise physiological significance of G-CSF
receptor in non-hematopoietic tissues remains unclear, it
is speculated that G-CSF receptor is associated with the
proliferation and differentiation of immature tissues [20,
21]. This is the first case of G-CSF-producing HCC that
also expressed G-CSF receptor.

This report presented the case of a patient with pyrexia,
leukocytosis and high CRP, who had moderately to poorly
differentiated HCC with extensive sarcomatous changes.
The patient underwent surgical resection, but rapid tumor
recurrence occurred. G-CSF production and the expression
of G-CSF receptor were immunohistochemically revealed
in this case and may have contributed to the high fever,
high inflammatory reaction, and poor prognosis by G-CSF
via autocrine pathways. Clinicians should thus consider
G-CSF-producing HCC when encountering patients with a
hepatic tumor with leukocytosis, and prompt therapy
including radical surgery should be performed. Further
investigation is necessary to further characterize G-CSF-
producing HCC, and other effective treatments, such as
immunotherapy, should be investigated.
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