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ABSTRACT

Introduction: This is a case of an 80-year-old man 
presented a large hepatocellular carcinoma (HCC) and 
portal vein tumor thrombus (PVTT) extending to the 
bifurcation of the portal vein (PV). He had leukocytosis 
and elevated serum G-CSF. Although the patient 
underwent en bloc PV tumor thrombectomy followed by 
right hepatectomy, he died of hepatic hilar lymph nodes 
and multiple lung metastases two months after surgery. 
Pathological findings showed poorly differentiated HCC 
and positive G-CSF immunostaining. Clinicians are in 
need to note the management for HCC with concurrent 
G-CSF producing and PVTT. Granulocyte-colony-
stimulating-factor (G-CSF) producing hepatocellular 
carcinoma (HCC) has been reported as a rare and poor 
prognosis tumor. Further, PVTT is also a poor prognostic 
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factor in HCC. We report a case of G-CSF producing 
HCC with PVTT that progressed rapidly to die soon after 
surgery.

Case Report: An 80-year-old man presented anorexia 
and fatigue. Abdominal computed tomography (CT) 
scan showed a large liver tumor in the right lobe and 
PVTT extending to the bifurcation of the PV. He had 
leukocytosis and elevated serum G-CSF. The patient 
underwent en bloc PV tumor thrombectomy followed 
by right hepatectomy, but his leukocytosis did not 
normalize. He died of hepatic hilar lymph nodes and 
multiple lung metastases two months after surgery 
regardless of complete tumor removal. Pathological 
findings showed poorly differentiated HCC and positive 
G-CSF immunostaining.

Conclusion: Clinicians are in need to note the 
management for HCC with concurrent G-CSF producing 
and PVTT.
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INTRODUCTION

The granulocyte colony-stimulating factor (G-CSF)-
producing tumor is referred to as one of the paraneoplastic 
syndromes and has been detected in lung cancer, 
bladder cancer, sarcoma, cervical cancer of the uterus, 
and gallbladder cancer [1]. In these organs, G-CSF-
producing tumors proliferate and have a poor prognosis. 
It is reported by the studies that G-CSF progress the 
tumor cell growth in vitro and has been tightly linked to 
tumor generation and progression in many tumor types 
[2–4]. Granulocyte colony-stimulating factor producing 
hepatocellular carcinoma (HCC) is rare and known for 
its poor prognosis. In addition, HCC is prone to invade 
the portal venous system, and approximately 10–60% of 
HCC patients have portal vein tumor thrombus (PVTT) 
at the time of diagnosis [5]. The prognosis of HCC with 
PVTT patients is much poor; their overall survival is only 
2–4 months with supportive care [6].

Hepatocellular carcinoma with PVTT was known 
to be a contraindication of surgery. However, recent 
reports suggested that complete tumor removal might 
benefit oncological prognosis in selected patients [7]. 
The optimal indication or absolute contraindication of 
PV tumor thrombectomy in HCC is still unclear, although 
many researchers attempted to elucidate. This report 
presents a rare case of a G-CSF producing HCC coexisted 
with PVTT extending to the bifurcation of PV. Herein, we 
discuss the management of G-CSF producing HCC and 
HCC with PVTT. We also explored the previous literature 
of surgical G-CSF producing HCC cases, including our 
case.

CASE REPORT

An 80-year-old man visited our hospital because of 
anorexia and fatigue. He had a history of acute hepatitis 
C virus (HCV) infection from blood transfusions during 
surgery for a traumatic injury 50 years ago, although 
the HCV was spontaneously resolved. He was treated 
with interferon and hepatitis virus was completely 
cured. He also had prostate cancer, which has been well 
controlled with Goserelin acetate (Zoladex) for 5 years. 
The laboratory data upon admission were as follows: 
White blood cell count (WBC) 28,300/µL, C-reactive 
protein (CRP) 5.7 mg/dL, total-bilirubin (T-bil) 0.84 mg/
dL, aspartate aminotransferase (AST) 35 U/L, alanine 
aminotransferase (ALT) 18 U/L, lactate dehydrogenase 
(LDH) 249 U/L, alkaline phosphatase (ALP) 299 U/L, 
gamma-glutamyltransferase (GGT) 38 U/L, α-fetoprotein 
(AFP) 1.3 ng/mL, protein induced by the absence of 
vitamin K (PIVKA)-II 4360 mAU/mL. Hepatitis B 
surface antigen (HBsAg) was negative. He was positive 
for HCV antibody (4.17 S/CO) with a negative HCV-RNA 
polymerase chain reaction (PCR) (Table 1).

An upper and lower gastrointestinal endoscopy 
showed no abnormality. Computed tomography (CT) and 
abdominal ultrasound showed a large hypodense tumor 
with ring enhancement, central necrosis, and daughter 
nodules in the right lobe. Computed tomography also 
documented the portal vein tumor thrombus extending 
to the bifurcation (Figure 1A and B). Neither the lung 
nor lymphoid metastases were seen. His mild fever, 
leukocytosis, and CRP were attributed to central necrosis 
of the large HCC and distal obstructive cholangitis. 

Table 1: Laboratory data of the patient

Peripheral blood counts Biochemistry Serology

 WBC 21,500/µL  TP 7.3 g/dL  CRP 5.68 mg/dL

 Neut 92.0%  Alb 3.8 g/dL HBsAg (−)

 RBC 432 × 104/µL  T-Bil 0.84 mg/dL HCVAb (+)

 Hb 11.8 g/dL  D-Bil 0.49 mg/dL HCV-DNA (−)

 Hct 37.4%  AST 35 U/L

 Plt 40.2 × 104/µL  ALT 18 U/L Tumor markers

 ALP 299 U/L AFP 1.3 ng/mL

Coagulation  γ-GTP 38 U/L PIVKA-II 4360 mAU/mL

 PT 79.0%  BUN 21.8 mg/dL CEA 2.9 ng/mL

 APTT 27.1 s  Cr 1.51 mg/dL CA19-9 695.9 U/mL

 d-dimer 2.30 µg/mL  Others

 ICGR-15 9.0%

G-CSF 182 pg/mL

IL-6 167 pg/mL
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Although initially treated with antibiotics, WBC did not 
decrease. There was a possibility that the PVTT would 
spread further, extending to the main portal vein, and 
obstruct the whole vein lumen, resulting in liver failure 
or life-threatening variceal bleeding. We assessed the 
functional hepatic reserve as follows, Indocyanine 
green (ICG) 9.0%, Indocyanine green plasma clearance 
rate (KICG) 0.141, Albumin bilirubin (ALBI) score 
−0.27 (2a), Child-pugh score 5 (A), and Model for End-
Stage Liver Disease (MELD)-Na score 8 (estimated 
3-months mortality 1.9%). The functional liver reserve 
was evaluated to tolerate right liver resection and portal 
vein tumor thrombectomy. We took an informed consent 
about the surgical risk and the prospective of his cancer 
without surgery. We discussed in our cancer board and 
decided to precede liver resection and portal vein tumor 
thrombectomy with postoperative administration of a 
multi-kinase inhibitor.

We performed en bloc portal tumor thrombectomy 
following with right hepatectomy. Partial hepatic resection 
of S2 was added for a single 0.5 × 0.5 cm tumor detected 
by intraoperative ultrasound. The resected tumor size of 
12.8 × 5.9 cm occupied the right liver lobe, and the cut 
surface showed a yellowish-white, multi-nodular fusion 
type without capsule, and central necrosis. Portal tumor 
thrombosis and multiple daughter nodules were also seen 
(Figure 2A). Histological examination revealed that the 
tumor was mostly composed of histologically poorly/
moderately differentiated HCC (Figure 2B). The patient 
was diagnosed as HCC with grade VP3 PVTT, VV1, B0 
stage IV. The surgical margin was negative. The liver 
background had a slight fatty change.

After surgery, his WBC count decreased to 12,000/
µL but did not normalize. He was discharged from the 
hospital 18 days after surgery. One month after surgery, 
he was readmitted for loss of appetite, fatigue, and mild 
jaundice. White blood cell count was elevated up to 
51,600/µL, which was suspicious for G-CSF production. 
The serum G-CSF was 182 pg/mL (normal range: <39.0 
pg/mL), and Interleukin (IL)-6 was 167 pg/mL (normal 
range: <4.0 pg/mL). The blood test showed: T-bil 8.5 
mg/dL, AST 448 U/L, ALT 227 U/L, LDH 314 U/L, ALP 
2,833 U/L, and GGT 234 U/L. Immunohistochemically, 
the tumor cells were positive for G-CSF staining (Figure 
2C). Computed tomography revealed multiple lung 

metastases (Figure 3A) and hilar lymph node metastasis, 
resulting in obstructive jaundice (Figure 3B and C). His 
general condition deteriorated rapidly due to progressive 
liver failure and acute renal failure. He died two months 
after surgery. So we couldn’t use multi-kinase inhibitor.

Figure 1: Computed tomography (CT) showing a large 
hypodense tumor with ring enhancement, central necrosis, and 
daughter nodules in the right lobe. CT also documented the 
portal vein tumor thrombus extending to the bifurcation (A, B, 
white arrow).

Figure 2: The cut surface showed a yellowish-white, multi-
nodular fusion type. The portal tumor thrombosis (white arrow), 
and multiple daughter nodules were seen (A). Histological 
examination revealed that the tumor was mostly composed of 
histologically poorly/moderately differentiated hepatocellular 
carcinoma. Immunohistochemically (B), the tumor cells were 
positive for G-CSF staining (C).

Figure 3: The postoperative CT showing multiple lung 
metastases (A) and hilar lymph node metastases (B, white 
arrow) lymph node metastases (C, white arrow) compressing 
the portal vein and the biliary tract. 

DISCUSSION

We experienced a G-CSF producing large HCC with 
PVTT extending to the main PV bifurcation. This case 
met the diagnostic criteria for G-CSF-producing tumors 
[8, 9]; marked increased WBC count, elevated G-CSF 
activity, and verification of G-CSF production in the 
tumor. The tumor recurred invasively in a short period 
after an en bloc portal vein tumor thrombectomy and 
right hepatectomy regardless of complete tumor removal 
(R0 resection). The patient died two months after 
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surgery with multiple metastases. This case provides an 
instructive lesson in the management of G-CSF producing 
HCC with PVTT, which are two poor prognostic factors.

We reviewed international literature of eight surgical 
resection cases of G-CSF producing HCC (Table 2) [9–15]. 
The previous seven cases were diagnosed before surgery. 
The current case was diagnosed postoperatively with 
GCS-F production HCC due to the findings of the high WBC 
count (more than 50,000/µL), elevated serum G-CSF (182 
pg/mL) and Interleukin (IL)-6 (167 pg/mL), confirmed by 
an immunohistochemically positive test for G-CSF. Seven 
out of the eight cases were male, and two patients had 
positive hepatitis B virus. Most HCCs progressed rapidly 
with a median tumor size of 10 cm. Two cases had invaded 
the stomach and large intestine, and our case had PVTT. 
Most cases were initially treated with antibiotics, although 
the WBC did not decrease. As such, when patients are 
negative for hepatitis virus, have a tumor larger than 10 
cm, low-grade fever, WBC counts that are not responding 
to antibiotics, and are men, it is essential to note G-CSF-
producing HCC as a differential diagnosis.

Whether radical surgery is an effective strategy or not 
for G-CSF producing HCC is still controversial. Six out 
of eight patients underwent major hepatectomy, and two 
underwent combined gastrectomy or colon resection. 
Three patients received sorafenib after relapse. There were 
recurrences in seven cases. Five of the seven recurrent 
cases recurred in the liver, lungs, bones, and hilar 

lymph nodes within two months after surgery. One case 
recurred in the lung within eight months after surgery, 
and another case recurred in the bone within three years 
after surgery. The prognosis of the case of Joshita et al. 
[11] was the longest with four years, and the cases of Ito 
et al. [9] and Sakamoto et al. [14] survived for two years. 
Postoperative WBC counts normalized in six cases, but 
Synder et al. [15] and the current case did not normalize. 
In the case of Snyder et al., the patient died at one month 
postoperatively due to radical lymphatic and pulmonary 
metastases. Our patient died two months postoperatively 
due to hepatic hilar lymph node metastasis resulting in 
obstructive jaundice and portal vein compression. Our 
case also had small lung metastases.

This case had an additional dismal prognostic factor of 
PVTT. There is no internationally accepted consensus or 
guideline for diagnosis and treatment of HCC with PVTT. 
Western and Asian countries have taken a completely 
opposite view to treat HCC with PVTT. In Japan and 
China, HCC with PVTT is not a contradiction in the surgical 
approach. Patients with PVTT up to the first branch are 
considered to undergo en bloc hepatectomy and tumor 
thrombectomy of curative intent if the remaining liver has 
an acceptable functional reserve, the lesion is resectable, 
and there is no extrahepatic metastasis [16]. In our case, 
the PVTT extended to the PV bifurcation, and the liver 
function reserve was sufficient for right hepatectomy and 
tumor thrombectomy [8]. In contrast, according to the 

Table 2: Previous reported cases of G-CSF-producing HCCs
Case Author 

(year)
Age Sex HBV HCV WBC 

(/µL)
G-CSFa 

(pg/mL)
Pathology Sarcomatous 

change
Treatment Prognosisb Post-

operative  
decrease 
in WBC

1 Araki et al 
10] (2007)

66 M − − 71,700 178 Poorly dif. 
HCC

+ Radical 
surgery + TAE

Dead 
(4 months)

+

2 Joshita 
et al [11] 
(2010)  

66 M − − 25,450 62 Moderately 
dif. HCC

− Radical surgery Dead 
(4 years)

+

3 Kohno et al 
[12] (2012)

46 M + − 51,670 195 Moderately 
to poorly dif. 
HCC

+ Radical 
surgery + TAE + 
chemotherapy

Dead 
(7 months)

+

4 Snyder et al 
[15] (2012)

47 F − − 40,000 58.2 Poorly dif. 
HCC

Unknown Radical surgery Dead 
(1 months)

−

5 Ito et al [9] 
(2012)

37 M + − 51,600 342 Moderately 
to poorly dif. 
HCC

− Radical surgery + 
chemotherapy

Alive 
(2 years)

+

6 Nagata 
et al [13] 
(2016)

79 M − − 13,020 42 Poorly dif. 
HCC

+ Radical surgery Alive 
(6 months)

+

7 Sakamoto 
et al [14] 
(2019)

62 M − − 28,900 358 Moderately 
to poorly dif. 
HCC

− Radical surgery + 
chemotherapy 
(+ preoperative RT)

Alive 
(2 years)

+

8 Our case 79 M − + 21,589 182 Poorly dif. 
HCC

− Radical surgery Dead 
(1 months)

−

HBV: hepatitis B virus, HCV: hepatitis C virus,  WBC: white blood cell, G-CSF: granulocyte colony-stimulating factor, HCC: 
hepatocellular carcinoma, CCC: cholangiocellular carcinoma, TAE: transcatheter arterial embolization
aGranulocyte colony-stimulating factor (normal value: < 39 pg/mL).
bPrognosis after diagnosis.
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Barcelona Clinic for Liver Cancer (BCLC) staging system, 
HCC with PVTT is recognized as an advanced stage disease 
(BCLC stage C). Surgical resection is not a recommended 
treatment, and the tyrosine kinase inhibitors sorafenib 
and regorafenib have been proposed as the only treatment 
options. Both the American Association for the Study of 
Liver Disease (AASLD) and the European Association 
for the Study of Liver Disease (EASL) have accepted 
the treatment algorithm for BCLC. The extent of PVTT 
is closely related to the prognosis of HCC. In patients 
with PVTT extending to or beyond the bifurcation, the 
1-, 3-, and 5-year overall survival rates were 50%, 12.5%, 
and 12.5%, respectively [17]. These survival outcomes 
were satisfactory when compared with those of patients 
with PVTT who were untreated or sorafenib alone, or 
transarterial chemoembolization (TACE) combined 
sorafenib. Even using sorafenib, we can hardly extend the 
prognosis over one year. The median overall survival of 
untreated and receiving sorafenib is 4.1 months and 5.6 
months, respectively [18].

The Eastern Hepatobiliary Surgery Hospital (EHBH)‐
PVTT score system is reported to be able to predict the 
prognosis in HCC patients with PVTT after R0 liver 
resection [19]. Median overall survival of an EHBH‐PVTT 
score ≤3 patients showed better survival of 19.0 months, 
compared to 8.9 months for an EHBH‐PVTT score >3. 
EHBH‐PVTT score of our patient was 3 and died two 
months after R0 liver resection. The management of 
G-CSF producing HCC with PVTT can be challenging. 
It is evident that the patient’s prognoses and outcomes 
with PVTT and G-CSF producing HCC vary from those 
of patients without them. Selected patients may benefit 
from a more aggressive treatment approach. On the 
other hand, not all patients may uniformly benefit from 
aggressive treatment. Therefore, when facing patients 
with HCC with PVTT and/or G-CSF producing HCC, 
clinicians must balance the potential benefits and risks 
of different treatments individually. A multidisciplinary 
tumor board is required to determine the most appropriate 
management of patients with PVTT and/or G-CSF 
production. Future studies should focus on combinations 
of different established treatment modalities for PVTT 
and/or G-CSF producing HCC.

CONCLUSION

We report a case of G-CSF producing HCC with PVTT 
that progressed rapidly to die soon after R0 portal tumor 
thrombectomy followed with hepatectomy. Management 
of HCC with PVTT and/or G-CSF producing is a clinical 
dilemma with challenges. If we would see a patient with 
those two poor prognostic factors, surgical treatment 
can’t be recommended, in our opinion.
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