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Abstract
Here, we report a rare case of intrahepatic sarcomatoid cholangiocarcinoma that expressed granulocyte colony-stimulating 
factor (G-CSF). An 87-year-old man who presented with a continuous high-grade fever and cough over two weeks, and 
increased inflammatory response was admitted to our hospital. Laboratory tests revealed marked granulocytosis and high 
serum levels of G-CSF and interlukin-6. Imaging studies showed a huge liver mass in his right lobe and intrahepatic metas-
tasis. He died of progressive disease. Pathological findings of the primary liver tumor at autopsy showed sarcomatous 
change; the specimen was positive for cytokeratins (AE1/AE3, cytokeratin-7, cytokeratin-19) and G-CSF. Few cases of 
G-CSF-producing intrahepatic sarcomatoid cholangiocarcinoma have been reported.
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Introduction

Granulocyte colony-stimulating factor (G-CSF) is a natu-
rally occurring glycoprotein that stimulates proliferation and 
maturation of precursor cells in bone marrow into fully dif-
ferentiated neutrophils [1]. Since 1977, when Asano et al. 
first reported a case of G-CSF-producing lung cancer, sev-
eral studies have reported G-CSF production by malignant 
cells in lung, thyroid gland, urinary bladder, gall bladder, 
uterine cervix and liver [2–8]. G-CSF-producing tumors 
generally grow rapidly and have poor prognoses.

Sarcomatoid cholangiocarcinoma (CCA) is an extremely 
rare primary liver tumor, and its pathogenesis is unclear. 
Several hypotheses have been proposed to explain the inter-
mingling of epithelial and mesenchymal malignancies, 
including biphasic differentiation from pluripotent stem 
cells, and re-differentiation of immature multipotent carci-
noma cells transformed from carcinoma cells. About 4.5% 
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of surgical and autopsied cases of intrahepatic CCA show 
sarcomatoid transformation [9].

Few cases of G-CSF-producing intrahepatic CCA have 
been reported [10–18]. Here, we report such a case.

Case report

An 87-year-old man was admitted to our hospital due to 
cough and continuous high-grade fever of two weeks’ 
duration. He had a history of dementia and hypertension. 
He did not have hepatitis B or C. He was a non-drinker.

He had a persistent cough and temperature above 38 °C. 
Hematological laboratory data upon admission were white 
blood cell count (WBC): 35,560/μl (neutrophils 93.8%), 
C-reactive protein (CRP): 30.0  mg/dl, α-fetoprotein 
(AFP): 2.3 ng/ml, protein induced by absence of vitamin 
K (PIVKA)-II: 26 mAU/ml, carcinoembryonic antigen 
(CEA): 2.7 ng/ml, and carbohydrate antigen 19–9 (CA19-
9): 122.2 U/ml (Table1).

Computed tomography (CT) showed a huge mass, 8 cm 
in diameter, located in the right lobe of his liver. It was 
enhanced in early-phase contrast-enhanced CT, accompa-
nied with diffuse enhancement in the surrounding area, 
and finally washed out in the late phase with delayed 
hyper-enhancement in the surrounding area (Fig.  1a). 
Magnetic resonance imaging (MRI) showed low inten-
sity in T1-weighted imaging and high intensity nodules 
in T2-weighted imaging and diffusion-weighted imaging 
(Fig. 1b). MRI revealed intrahepatic metastases in the left 
lobe of his liver (Fig. 1b).

We initially considered the possibility of hepatocellular 
carcinoma or intrahepatic CCA with abscess, as the patient 
had fever, extreme leukocytosis, and high serum CRP 

levels. We intravenously administered sulbactam/ampi-
cillin (9 g/day) for 5 days. No effects were seen, nor did 
radiography or CT show any infective foci in other organ 
sites. Blood cultures were also tested after admission but 
were all negative for bacteria and fungus. Finally, a liver 
tumor biopsy performed five days after admission led to a 
diagnosis of sarcomatoid CCA. Resection was considered, 
but could not be performed due to intrahepatic metastasis. 
His family did not desire anticancer drug treatment due to 
his advanced age. He died 20 days after admission from 
multiple organ failure with cancer-associated disseminated 
intravascular coagulation.

A pathological autopsy was performed. Macroscopic 
findings showed a large gray-white tumor, 8 cm in size, in 
his right lobe with extensive central necrosis and hemor-
rhage (Fig. 2). No tumor was found in any other organ.

Microscopic examination revealed proliferation of dis-
cohesive polygonal- and spindle-shaped cells with pleo-
morphic nuclei and prominent nucleoli, accompanied 
by small adenocarcinomatous foci, and scattered multi-
nucleated cells (Fig. 3a–c). Conventional hepatocellular 
carcinoma was not detected. Immunohistochemically, the 
tumor cells were positive for AE1/AE3, cytokeratin-7 
(CK7), cytokeratin-19 (CK19) and G-CSF (Fig. 3d–f), 
but negative for hepatocyte paraffin-1 (Hep par-1; Fig. 3g) 
and AFP (data not shown). The microscopic examination 
also confirmed intrahepatic metastasis in the left lobe. 
The bone marrow displayed hyperplasia, but no abnormal 
blood cells.

The patient showed elevated serum G-CSF (111 pg/ml 
[normal value: < 18.1 pg/ml]) and serum interleukin-6 (IL-6: 
952 pg/ml [normal value: < 4.0 pg/ml]; Table 1).

The tumor was thus diagnosed as G-CSF-producing intra-
hepatic sarcomatoid CCA.

Table 1  Laboratory data on 
admission Peripheral blood counts Biochemistry Tumor markers

 WBC 35,560 /µl  TP 6.2 g/dl  AFP 2.3 ng/dl
 Neut 93.8 %  Alb 2.3 g/dl  PIVKA-2 26 mAU/ml
 Lymp 2.9 %  T.Bil 1.1 mg/dl  CEA 2.7 ng/dL
 Mono 2.3 %  D.Bil 0.5 mg/dl  CA19-9 122.2 U/ml
 Eos 0.3 %  LDH 319 IU/l
 Baso 0.1 %  AST 120 IU/l Viral marker
 Luc 0.6 %  ALT 96 IU/l  HBs Ag  < 0.05
 RBC 348 ×  104 /µl  γGTP 104 IU/l  HBc Ab 0.1
 Hb 11.2 g/dl  ALP 475 IU/l  HCV Ab 0.2
 Plt 31.0 ×  104 /µl  BUN 7 mg/dl

 Cre 0.74 mg/dl Others
Coagulation  ICGR-15 16.5 %
 PT 56.0 % Serorogy  IL-6 952 pg/ml
 PT-INR 1.39  CRP 30.0 mg/dl  G-CSF 111 pg/ml
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Discussion

Few cases of G-CSF-producing intrahepatic CCA have been 
reported [10–18]. Intrahepatic sarcomatoid CCA that pro-
duces G-CSF is especially rare among these cases. Most 
sarcomatoid carcinomas in the liver are thought to be sarco-
matoid hepatocellular carcinoma [19]. One report has dem-
onstrated sarcomatous changes in CCAs [9]. This type of 

tumor is defined as a “sarcomatous intrahepatic CCA” in the 
WHO classification of tumors [20]. Expression of AE1/AE3, 
which is the characteristic marker of sarcomatous transfor-
mation, was observed in this case. Intrahepatic sarcomatoid 
CCA is an aggressive malignancy with a very poor prognosis 
[9]. Only nine cases of intrahepatic sarcomatoid CCA have 
been reported. In most cases, the tumor had invaded adjacent 
organs or metastasized to distant organs [9].

Fig. 1  Computed tomography 
(CT) findings. a The main 
tumor measured 8 cm in diam-
eter, and was located in the right 
posterior inferior segment of 
the liver (S6). The surrounding 
area of the tumor was enhanced 
in the early phase (white arrow-
heads). Magnetic resonance 
imaging (MRI). b MRI revealed 
low intensity in T1-weighted 
imaging and high intensity 
nodules in T2-weighted imag-
ing and diffusion-weighted 
imaging (white arrowheads). 
MRI showed the intrahepatic 
metastasis in the left lobe of the 
liver (black arrowheads)
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The present case is only the second known case of intra-
hepatic sarcomatoid CCA that produces G-CSF, along with 
immunohistochemical proof of G-CSF expression.

All cases of G-CSF-producing intrahepatic CCA 
reported in the English literature are listed in Table 2 
[10–18]. As G-CSF-producing intrahepatic CCA with 
sarcomatoid change is extremely rare, only one case 
has been documented before now [10–14]. The follow-
ing findings are indicative of G-CSF-producing tumors: 
elevated serum G-CSF with an increased leukocyte count, 
transient decreases in G-CSF and leukocyte count to nor-
mal ranges after tumor resection, simultaneous increase 
in G-CSF and neutrophil count with tumor recurrence, 
and elevation in G-CSF levels in resected specimens, as 
shown by immunohistochemical staining or real-time 
reverse transcriptase polymerase chain reaction. A direct 
way to prove G-CSF production by tumor cells is immu-
nohistochemical techniques [21]. G-CSF is very difficult 

to detect by immunostaining because the G-CSF protein 
is generally retained in the cytoplasm for a short time and 
its antigenicity is fragile and brief. However, we could 
clearly demonstrate that this hepatic tumor produced 
G-CSF by immunohistochemical analysis of autopsy 
specimens in this case (Fig. 2). We were unable to con-
firm whether the G-CSF would be reduced, because the 
tumor was not resected.

The prognosis of G-CSF-producing tumors is generally 
considered to be poor and depends largely on the primary 
disease, as in our case [22]. In support of this, G-CSF was 
shown to stimulate growth of a non-hematopoietic malignant 
cell line in vivo, and is considered to be an autocrine growth 
factor that promotes rapid tumor proliferation and metastasis 
[23]. Secretion of G-CSF and sarcomatoid changes could 
be related in the present case, but if so, the mechanism is 
unclear.

Lastly, this patient’s serum IL-6 was elevated. Co-pro-
duction of G-CSF and IL-6 is reportedly associated with the 
production of IL-1, an inflammatory cytokine, in G-CSF-
producing cancer cell lines [10–18, 24]. This patient’s high 
levels of serum IL-6 and CRP may have caused his chief 
complaint of fever. IL-6 can act as an endogenous pyro-
gen that regulates the synthesis of acute-phase proteins, 
including CRP [25]. The high level of IL-6 in this G-CSF-
producing tumor might have affected the cancer-associated 
disseminated intravascular coagulation. The patient had a 
cough, but his lungs were normal on CT, and no wheez-
ing was heard on auscultation. The cough disappeared with 
the use of dexamethasone, and was thought to be due to 
diaphragmatic irritation from the tumor’s inflammatory 
cytokines.

In conclusion, clinicians should consider G-CSF-pro-
ducing intrahepatic sarcomatoid CCA when encountering 
patients with leukocytosis and a hepatic tumor. Radical 
surgery may provide a more favorable prognosis in such 
instances. Further cases are needed to clarify the clinical 
findings for G-CSF-producing intrahepatic sarcomatoid 
CCA. The patient had intrahepatic metastases and was 
not operable in this case, but resection is advisable in 
operable cases. Other effective treatments, such as immu-
nological and cytokine therapies, should be investigated 
for patients with G-CSF-producing intrahepatic sarco-
matoid CCA.

Fig. 2  Macroscopic findings of the tumor. Cut surface of the liver 
showed an encapsulated gray-white nodule (black arrowheads) with 
necrotic foci
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Fig. 3  Histopathology. His-
topathological examination 
showed discohesive polygo-
nal- to spindle-shaped cells 
with multinucleated cells. The 
tumor cells formed glandular 
structures in part. a Sarcoma-
toid area; b adenocarcinomatous 
area; c transition area (left: 
sarcomatoid area, right: adeno-
carcinomatous area; hematoxy-
lin/eosin, × 200 magnification). 
Immunohistochemical examina-
tion showed positive staining 
for AE1/AE3, Cytokeratin-7 
(CK7) and granulocyte-colony 
stimulating factor (G-CSF). 
The tumor was not stained with 
hepatocyte paraffin 1 (Hep 
par 1). d AE1/AE3; e CK7; f 
G-CSF (× 400 magnification). g 
Hep par 1 (d–f, g  × 100 magni-
fication)
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