
Abstract. Aim: Vascular endothelial growth factor (VEGF) is
a primary driving force for both physiological and pathological
angiogenesis and over-expression of VEGF has been detected
in hepatocellular carcinoma (HCC). The aim of the present
study was to clarify the usefulness of VEGF for monitoring the
response to intra-arterial chemotherapy in patients with HCC.
Patients and Methods: Seventy-three patients with liver cirrhosis
(LC) and advanced HCC (aHCC) received hepatic arterial
infusion chemotherapy (HAIC: leucovorin (LV) at 12 mg/h,
cisplatin (CDDP) at 10 mg/h and 5-fluorouracil (5-FU) at 250
mg/22 h) via the proper hepatic artery every 5 days for 4 weeks
using a catheter connected to a subcutaneous drug delivery
system. Results: i) Serum VEGF levels were higher in patients
with progressive disease than those in patients with a partial
response or stable disease. ii) VEGF levels were higher in
patients with alcoholic LC than those in patients with hepatitis
C-related or hepatitis B-related LC. iii) VEGF levels were
higher in stage IVB patients than those in patients with stage
III or IVA disease. iv) VEGF levels were significantly higher in
patients with giant or confluent multinodular tumors than those
in patients with multiple discrete nodules. v) Serum VEGF levels
were higher in patients with vascular invasion than in patients
without vascular invasion. Conclusion: Monitoring the serum
VEGF level is useful for predicting the response of aHCC to
HAIC, as well as for predicting metastasis, tumor type and
vascular invasion.

Sorafenib is an oral multikinase inhibitor with strong in vitro
activity related to targeting the Raf/mitogen-activated protein
kinase/extracellular signal-related kinase signaling pathway

and has been used to treat advanced hepatocellular
carcinoma (aHCC). In the Sorafenib HCC Assessment
Randomized Protocol (SHARP) study, 602 patients (mainly
Europeans) were randomized to receive sorafenib or placebo
therapy. They had an Eastern Cooperative Oncology Group
perfor mance status of 0 - 2 and were all in Child-Pugh class
A. The sorafenib group achieved a median overall survival
time of 10.7 months versus 7.9 months for the placebo group
(1). Sorafenib has also demonstrated significant clinical
activity against HCC in phase II and phase III studies (2, 3),
with sorafenib treatment achieving a longer median survival
time and longer time to radiologic progression compared
with placebo. However, Pinter et al. reported that
complications of sorafenib therapy may occur more
frequently in patients who are in Child-Pugh classes B or C
(4). In the most recent Japan Society of Hepatology (JSH)
treatment algorithm for HCC (2014 update), sorafenib and
hepatic arterial infusion chemotherapy (HAIC) are
recommended for HCC patients with Vp1, Vp2 (minor portal
vein invasion) or Vp3 (portal invasion at the 1st portal
branch). In contrast, sorafenib is not recommended for HCC
patients with Vp4 (portal invasion at the main portal branch),
whereas HAIC is recommended for such patients with tumor
thrombus in the main portal brunch (5). Therefore, HAIC is
still one of the few remaining options for treating aHCC in
liver cirrhosis (LC) patients who are in Child-Pugh class A
or B, as well as LC patients with Vp3 or Vp4. Improvement
of implanted drug delivery systems has made it possible to
perform repeated hepatic arterial infusion of anticancer
agents in patients with aHCC, while HAIC has been found
to improve both survival and quality of life (6). HAIC with
5-fluorouracil (5-FU) and cisplatin (CDDP), using an infuser
pump and an implanted reservoir, has been shown to prolong
the survival of patients with aHCC (6-8). We have also
reported that the combination of intra-arterial low-dose 5-
FU, CDDP and leucovorin (LV) prolongs the survival of
aHCC patients (9) and that continuous intra-arterial infusion
for 24 h is more effective than infusion for 6 h in patients
with HCV-related LC and aHCC, although a 24-h infusion
also causes stronger hematologic toxicity (10). 
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Vascular endothelial growth factor (VEGF) is a primary
driving force for both physiological and pathological
angiogenesis (11) and its overexpression has been observed
in HCC (12, 13). The circulating VEGF level is reported to
be correlated with the stage of HCC and the highest levels
are observed in patients with metastasis (14). In addition,
VEGF may be a significant predictor of the response to
treatment and the clinical outcome of HCC (15-17).
Accordingly, the present retrospective study was performed
to assess the usefulness of VEGF for monitoring the
response to HAIC in patients with aHCC.

Patients and Methods 

Patients. Seventy-three adult Japanese patients who had aHCC and
LC (hepatitis B virus (HBV)-, hepatitis C virus (HCV)- or alcohol-
related) received HAIC at our hospital between 2004 and 2011.
Their tumors were classified as inoperable on the basis of computed
tomography (CT) findings. Blood samples were collected in the
early morning before and after chemotherapy. The control group
consisted of 28 adult Japanese patients with HCV-related LC and
no evidence of HCC.

Chemotherapy. HAIC involved 24-h intra-arterial infusion of LV at
12 mg/h, CDDP at 10 mg/h and 5-FU at 250 mg/m2/22 h.
Continuous infusion was performed into the proper hepatic artery
every 5 days for 4 weeks via a catheter connected to a
subcutaneously implanted drug delivery system (9, 10). 

In each patient, an intra-arterial catheter was inserted via the
femoral artery and was attached to a subcutaneous reservoir (18).
The gastroduodenal artery and right gastric artery were occluded
with steel coils to prevent gastroduodenal injury by the anticancer
agents. Written informed consent was obtained from each patient.

Serum VEGF measurement. Venous blood samples were drawn into
a serum separator tube and centrifuged at 1,800 ×g for 10 min to
obtain serum samples that were stored at –80˚C. Serum VEGF
concentrations were measured using an enzyme-linked immuno -
sorbent assay (ELISA) kit (Quantikine Human VEGF Immunoassay;

R&D Systems, Minneapolis, MN, USA) according to the
manufacturer’s instructions (19). The VEGF concentration in each
sample was measured in duplicate by an investigator who was
blinded to the clinical information of the patients.

Response and endpoints. The response of each tumor was assessed
using the Response Evaluation Criteria in Solid tumors (RECIST)
(20) from CT scans obtained at baseline and 4 weeks after
treatment.
The primary endpoint of this study was the response rate according

to World Health Organization (WHO) criteria, while the secondary
endpoint was the toxicity of HAIC.

Statistical Analysis. Statistical analysis was performed by using the
Statistical Package for the Social Sciences (SPSS, version 11.0; SPSS,
Chicago, IL, USA). Results are expressed as the mean±standard
deviation (SD). The Wilcoxon’s signed rank sum test was used to
compare patient’s characteristics within each group, while the
Dunnett’s test was employed for comparisons between the control and
treated groups. A probability of less than 0.05 was considered to
indicate statistical significance. 

Results

The patients were divided into three groups based on the
response to HAIC. Twenty-one of the 73 patients showed a
complete or partial response (PR group) and 32 patients had
stable disease (SD group), while 20 patients showed no
response (progressive disease (PD) group). There were 19
men and 2 women aged 59 to 83 years (mean±SD: 68.4+6
years) in the PR group, 28 men and 4 women aged 54 to 80
years (67.7±8 years) in the SD group and 17 men and 3
women aged 51 to 77 years (64.7±8 years) in the PD group.
In the PR group, 13 patients had HCV-related LC (C-LC),
two patients had HBV-related LC (B-LC) and six patients
had alcoholic LC (ALC). In the SD group, 16 patients had
C-LC, 6 patients had B-LC and 10 patients had ALC, while
the PD group included 8 patients with C-LC, 9 patients with
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Table I. Seventy-three patients with liver cirrhosis and advanced HCC.

Control CR/PR SD PD p

No. of patients 28 21 32 20
Mean age 61.4±9 68.4±6 67.7±8 64.7±8 0.401
Gender (M/F) 17/11 19/2 28/4 17/3 0.869
Child-Pugh 16/7/5 11/10/0 11/17/4 8/8/4 0.234
classification 
(A/B/C)
Stage (III/IVA/IVB) 4/14/3 3/25/4 2/11/7 0.198
Type of HCC 15/5/1 19/7/6 10/6/4 0.294
(multiple/diffuse/
giant)
Vascular invasion 2/4 6/4 3/4 0.572
(Vp3/Vp4)

Figure 1. Serum level of VEGF and the etiology of aHCC in LC patients
treated by HAIC. **p<0.01



B-LC and 3 patients with ALC. The Child-Pugh class was A
for 11 patients in the PR group, 11 patients in the SD group
and 8 patients in the PD group, while it was B for 10, 17 and
8 patients, respectively, and C for 4 patients each from the
SD and PD groups. In the PR group, four patients had stage
III disease, 14 patients had stage IVA disease and three
patients had stage IVB disease. In the SD group, 3 patients
had stage III disease, 25 patients had stage IVA disease and
4 patients had stage IVB disease, while the respective
numbers were 2, 11 and 7 in the PD group. In the PR group,
15 patients had multiple HCC, five patients had diffuse HCC
and one patient had giant HCC. In the SD group, 19 patients
had multiple HCC, 7 patients had diffuse HCC and 6 patients
had giant HCC, while the respective numbers in the PD
group were 10, 6 and 4 patients. In the PR group, two
patients had involvement of major branches of the portal vein
and four patients had thrombus in the portal trunk, while the
respective numbers were 6 and 4 in the SD group and 3 and
4 in the PD group. The control group was composed of 17
men and 11 women aged 48-78 years (61.4±9 years). The
Child-Pugh class was A for 16 patients, while it was B for 7
patients and C for 5 patients (Table I). 

Serum level of VEGF and tumor response. Figure 1 shows the
serum level of VEGF in relation to the response of aHCC
treated to HAIC. The VEGF level was significantly lower after
chemotherapy (PR group: 159.8±109 pg/ml; SD group:
176.5±260 pg/ml; PD group: 281.9±245 pg/ml) than before
chemotherapy (PR group: 317.8±220 pg/ml; SD group:
352.2±338 pg/ml; PD group: 471.3±310 pg/ml) in each
response group (p<0.01 by the Wilcoxon’s signed rank sum
test). Before chemotherapy, the serum level of VEGF was
significantly higher in each group of aHCC patients than in the
control group (64.4±58 pg/ml) (p<0.01 by the Dunnett’s test).
After chemotherapy, the VEGF level of the PD group was still

significantly higher than that of the control group (p<0.01,
Dunnett’s test) but there was no significant difference of VEGF
levels between the control group and the PR or SD groups
(Figure 1). These results indicate that the serum level of VEGF
was not normalized after chemotherapy in the PD group,
although it was significantly decreased by HAIC.

Serum level of VEGF and the etiology of LC. Figure 2 shows
the serum level of VEGF in relation to the etiology of LC. The
VEGF level was significantly lower after chemo therapy (HCV:
184.5±139 pg/ml; HBV: 213.3±251 pg/ml; alcohol: 218.8±333
pg/ml) than before chemotherapy (HCV: 313.0±216 pg/ml;
HBV: 390.1±304 pg/ml; alcohol: 468.2±434 pg/ml) in each
etiologic sub-group (p<0.01 Wilcoxon’s signed rank sum test).
There was no significant difference of the serum VEGF level
after chemotherapy between the control group and each
etiologic subgroup, although the VEGF level in each subgroup
of aHCC patients was significantly higher than that of the
control group before chemotherapy (p<0.01, Dunnett’s test)
(Figure 2). These results indicate the serum level of VEGF
was not related to the etiology of LC in patients receiving
HAIC for aHCC.

Serum level of VEGF and tumor type. Figure 3 displays the
serum level of VEGF in relation to the type of HCC. In
patients with each type of tumor, VEGF levels were
significantly lower after chemotherapy (multiple: 224.1±265
pg/ml; diffuse: 107.7±83 pg/ml; giant: 261.5±201 pg/ml)
than before chemotherapy (multiple: 310.0±259 pg/ml;
diffuse: 318.1±283 pg/ml; giant: 714.6±310 pg/ml) (p<0.01,
Wilcoxon’s signed rank sum test). Before chemo therapy, the
VEGF level of the patients with each tumor type was
significantly higher than that in the control group (p<0.01,
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Figure 2. Serum level of VEGF and the etiology of LC in patients with
aHCC treated by HAIC. **p<0.01. 

Figure 3. Serum level of VEGF and the tumor type in LC patients with
aHCC treated by HAIC. **p<0.01 



Dunnett’s test). After chemotherapy, VEGF levels were still
significantly higher in the patients with multiple and giant
tumors than in the control group (p<0.01, Dunnett’s test) but
there was no significant difference of VEGF between the
control group and the patients with diffuse tumors (Figure
3). These results indicate that VEGF was not normalized
after chemotherapy in patients with multiple and giant
tumors, although it was significantly decreased by HAIC.

Serum level of VEGF and tumor stage. Figure 4 summarizes
serum VEGF levels in relation to the tumor stage. In patients
with tumors of each stage, the serum level of VEGF was
significantly lower after chemotherapy (stage III: 177.6±145
pg/ml; stage IVA: 160.1±209 pg/ml; stage IVB: 320.1±268
pg/ml) than before chemotherapy (stage III: 323.0±237
pg/ml; stage IVA: 361.3±318 pg/ml; stage IVB: 431.8±298
pg/ml) (p<0.01, Wilcoxon’s signed rank sum test). Before
chemotherapy, serum VEGF levels were significantly higher
in patients with tumors of each stage than in the control
group (p<0.01, Dunnett’s test). After chemo therapy, VEGF
levels were still significantly higher in patients with stage of
IVB tumors than in the control group (p<0.01, Dunnett’s
test) but there were no significant differences of VEGF
between the control group and patients with stage III or stage
IVA tumors (Figure 4). These results indicate that the serum
VEGF level was not normalized after chemotherapy in
patients with stage IVB tumors, although it showed a
significant decrease after HAIC.

Serum level of VEGF and vascular invasion. Figure 5 sum -
marizes the relation between the serum level of VEGF and
vascular invasion. Serum VEGF levels were significantly lower
after chemotherapy (Vp3>: 166.7±161 pg/ml; Vp<3:
282.3±321 pg/ml) than before chemotherapy (Vp3>:

312.2±266 pg/ml; Vp≤3: 517.1±335 pg/ml) in patients from
each vascular invasion subgroup (p<0.01 by the Wilcoxon’s
signed rank sum test). Before chemotherapy, the serum level
of VEGF was significantly higher in both vascular invasion
subgroups than in the control group (p<0.01 by the Dunnett’s
test). After chemotherapy, the serum VEGF level the Vp3≤
subgroup was still significantly higher than that of the control
group (p<0.01 by the Dunnett’s test) but there was no
significant difference of VEGF levels between the control
group and the Vp3> sub-group (Figure 5). These results
indicate that VEGF was not normalized after chemotherapy in
the Vp3≤ subgroup, although it decreased significantly after
HAIC.

Discussion

The advent of molecular-targeting agents has revolutionized
the therapeutic strategy for LC patients with aHCC as liver
transplantation is almost completely unavailable. However, it
was reported that HAIC is a potentially useful treatment
procedure in patients with aHCC even after failure of
sorafenib for the reason that it was well tolerated and exhibited
moderate antitumor activity (21). HAIC may still occupy the
important location as one way of the treatment in LC patients
with aHCC. We reported that the serum levels of VEGF might
be a useful predictor of the presence of HCC in patients with
C-LC, while serum levels of alpha-fetoprotein and VEGF can
predict the tumor type and vascular invasion, respectively (22).
Therefore, investigation of the monitoring of VEGF in LC
patients with aHCC receiving HAIC was considered to be
worthwhile. In the present retrospective study, we assessed the
usefulness of VEGF for monitoring the response of aHCC.
Serum levels of VEGF were significantly lower after
chemotherapy than before chemotherapy in each response
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Figure 4. Serum level of VEGF and the tumor stage in LC patients with
aHCC treated by HAIC. *p<0.05, **p<0.01.

Figure 5. Serum level of VEGF and vascular invasion in LC patients
with aHCC treated by HAIC. **p<0.01



group. After HAIC, however, the VEGF level of the PD group
was still significantly higher than that of the control group,
while there was no significant difference of VEGF levels
between the control group and the PR or SD groups. El-Assal
et al. reported lower VEGF protein expression in HCC than in
the corresponding nontumorous liver (23). However, it was
also reported that the vascular endothelial cells in tumor
tissues show strong immunostaining for VEGF, whereas those
in nontumorous tissues do not show appreciable staining and
that tumorous vascular endothelial cells are the main targets
of VEGF released from HCC cells (24, 25). In addition, Mise
et al. reported that VEGF is involved in neovascularization and
infiltration of cancer cells into the tumor capsule in HCC
patients (26). We found that the serum level of VEGF was not
normalized after HAIC in the PD group suggesting that
changes of VEGF are useful for predicting the response of
aHCC to HAIC. However, the serum level of VEGF was
significantly lower after HAIC than before chemotherapy in
the PD group, although it was not normalized. Paracrine
communication between hepatocytes and hepatic sinusoidal
endothelial cells via VEGF and its receptor has been reported
(27). We previously reported that HAIC might cause
hepatotoxicity that induces fibrosis without releasing
aminotransferases and suggested that HAIC could possibly
damage endothelial cells (28). In the present study, VEGF
levels might have decreased after chemotherapy in the PD
group due to the toxicity of HAIC on endothelial cells. 

Furthermore, we examined factors related to normalization
of VEGF by HAIC. We found that the serum level of VEGF
was not normalized after HAIC in patients with stage IVB,
multiple or giant tumors and those with Vp3≤ vascular
invasion. It was reported that early HCC (Edmondson-Steiner
grade 1) is occasionally hypovascular on angiography or CT
arteriography (29) and that the number of arteries in a hepatic
nodule increases during progression from adenomatous
hyperplasia to atypical adenomatous hyperplasia and then HCC
(30). Stroescu et al. reported that over-expression of VEGF was
more frequent in large HCCs than small HCCs and that VEGF
expression was markedly stronger in patients with poorly-
differentiated HCC (31). These reports support our results that
the serum level of VEGF was not normalized after HAIC in
patients who had multiple or giant tumors. Stroescu et al. also
indicated that multiple or giant HCC show much more
neovascularization than diffuse HCC. Shim et al. reported that
a marked increase in the serum level of VEGF at 1-2 days after
transcatheter arterial chemoembolization for HCC was
associated with distant metastasis or vascular invasion (32),
while Stroescu et al. reported that over-expression of VEGF in
patients with poorly differentiated HCC was correlated with a
high recurrence rate and short postoperative survival (31). In
the present study, the serum VEGF level of patients who had
stage IVB tumors or had Vp3≤ vascular invasion was not
normalized after treatment of HAIC and this might have been

because of neovascularization in extrahepatic tumors that
HAIC did not reach. Also, our results indicated that stage IVB
tumors and tumors with Vp3≤ vascular invasion show more
prominent neovascularization than stage III and IVA tumors or
those with Vp3> vascular invasion.

Conclusion 

Our results suggest that monitoring the serum VEGF level is
useful for predicting the response, metastasis, tumor type and
vascular invasion in LC patients receiving HAIC for aHCC.
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