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BACKGROUND : Hypoxia up-regulates vascular endothelial
growth factor (VEGF) and stimulates the growth of hepa-
tocellular carcinoma (HCC) cells. This study was designed
to investigate the association between changes in plasma
VEGEF levels after transcatheter arterial chemoembolization
(TACE) and HCC progression, especially in relation to
metastasis.

METHODS: Plasma VEGF levels were measured by quati-
tative sandwich enzyme-linked immunosorbent assay
(ELISA R&D system). Plasma VEGF levels were measured
before, 3 days and 4 weeks after TACE in 30 patients with
HCC. The development of metastasis was evaluated at the
end of the third month after TACE.

RESULTS: The plasma VEGF levels of the 30 patients with
HCC were 154.47+£90.17 pg/ml. The total plasma VEGF
levels after TACE increased compared with their basal levels
(P <0.05), and the plasma VEGF levels had a tendency to
increase in patients with heterogenous uptake of iodizdoil
and portal vein thrombosis. Follow-up for six months
showed metastatic foci in 20 patients (74% ) with increased
plasma VEGF | but none of the patients with decreased plas-
ma VEGF developed metastasis.

CONCLUSION:: Increased plasma VEGF expression is asso-
ciated with the development of metastasis in HCC after TA-
CE.
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Introduction

ranscatheter arterial chemoembolization ( TA-

I CE) is one of the most useful palliative treat-
ments for patients with inoperable hepatocellular
carcinoma ( HCC). Despite its effectiveness, however,
intrahepatic or extrahepatic metastasis after TACE is one
of the major factors limiting its overall therapeutic effect.

Vascular endothelial growth factor ( VEGF) is be-
lieved to play an important role in fetal growth and de-
velopment. In addition there is increasing evidence that
the overexpression of VEGF and the activation of its sig-
naling pathway play roles in oncogenesis and angiogene-
sis. In human HCC, the overexpression of VEGF and
the reappearance of fetal VEGF transcripts also have been
reported. ]

TACE inevitably results in a hypoxic insult to HCC
and the surrounding liver tissue. Hypoxia has been re-
ported to up-regulate VEGFE and thus stimulate the
growth of HCC cells in vitro.l??)  We prospectively
evaluated changes in plasma VEGF levels after TACE
and also determined the association between intrahepatic
or extrahepatic metastasis in patients with HCC who un-
derwent TACE.

Methods

Patients

Between February 2002 and August 2002, thirty consecu-
tive patients were diagnosed with HCC. HCC was diag-
nosed either histologically (6 patients) or radiologically
according to typical imaging findings of hypervascular
liver masses (15) or atypical radiological findings with
increased plasma a-fetoprotein ( AFP >400 ng/ml) (9).
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Of the 30 patients with HCC treated with TACE,
24 were found to be carriers of hepatitis B virus
(HBV). The tumor size varied from 2.8 to 20.3 cm
(10.7114.82 cm). Seven patients had single nodular
tumors and the remaining 23 patients had multinodular
tumors. Liver function showed Child-Pugh A in 17 pa-
tients and Child-Pugh B in 13.

Methods
TACE procedure

At first, the superior mesenteric artery was catheter-
ized to assess the blood flow of the portal vein. After con-
firming that it was adequate, the tumor feeding artery
was visualized on a common hepatic arteriogram. Eighty
mg of cisplatin, 8 mg of mitomycin ( MMC) , and 1250
mg of 5-Fu per m? of body surface, dissolved in distilled
water at a concentration of 0.5 mg/ml, were infused
through the selected proper hepatic artery for 15 mi-
nutes. Approximately 10-30 ml of iodized oil mixed
with 40 mg EADM also were infused slowly according
to the size of the HCC. Subsequently, the selected
feeding artery was embolized with gelatin sponge parti-
cles.

Sample collection and plasma VEGF measurement
Blood samples were collected in unfertile tubes
from all the patients 3-5 days before TACE, 3 days, and
4 weeks after TACE, respectively. The samples were
centrifuged at 3000 r/min for 15 minutes at 4 °C, and
the separated plasmas were stored at -20 °C until use for
assay. The plasma VEGF levels were measured using an
enzyme-linked immunosorbent assay kit according to the
manufacturer’ s instructions ( Jinmei Company Systems ).
All the tests were duplicated and the VEGEF level of each
plasma sample was averaged for the results. The intraas-
say and interassay coefficients of variation were less than
9.5% for all the measurements. The sensitivity was 15

pg/ml.

Analysis of the changes in plasma VEGF levels

The changes in plasma VEGF levels in groups were
classified according to sampling time. Group 1 was de-
fined as having decreased post-TACE plasma VEGF le-
vels compared with their baseline levels, and group 2
showed increased plasma VEGEF levels. The relation was
studied between clinical characteristics and changes of
VEGEF before and after TACE, then VEGEF levels were
also compared between the two groups.

Statistical analysis

The differences between demographic, clinical,
and biochemical characteristics were examined using
Student’ s ¢ test and the chi-square test with the statistical
software SPSS 10. 0 combined Fisher’ s exact test. Paired
VEGF values were analyzed with Student’s ¢ test com-
bined Fisher’s exact test.
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Results

Comparing the plasma VEGF expression of 20 no-tumor
healthy adults (22.82+10.19 pg/ml) to the plasma
VEGEF levels of 30 patients with HCC(153. 21 +96. 53
pg/ml before TACE) showed that the plasma VEGF le-
vels of HCC before TACE was higher than those of
healthy adults ( P <0.05).

Relationship between baseline plasma VEGEF levels
and clinical characteristics

The baseline plasma VEGF level was higher in pa-
tients with the presence of portal vein thrombosis than in
those without portal vein thrombosis ( P <0.05).

The baseline plasma VEGEF level tended to increase
in patients with Child-Pugh class B, and/or in patients
with tumor size >3 cm or AFP >400 ng/ml, and/or in
patients with multiple nodules. But the difference was
not statistically significant ( P >0.05) (Table 1).

Changes in plasma VEGEF levels after TACE

In 11 of the 30 HCC patients, plasma VEGF levels
decreased compared with their baseline levels 3 days after
TACE (group 1); but the levels of the remaining 19 pa-
tients increased ( group 2). The overall changes in the
plasma VEGEF levels were increased.

Changes of plasmma VEGF level 3 days after TACE in
relation to the characteristics of hepatocellular carci-
noma

The frequency of increased plasma VEGF levels in
patients with heterogeneous uptake of iodized oil was
higher than that in those with homogenous uptake of io-
dized oil (95% vs 20%; P =0.0001). The changes in

the plasma VEGF levels, however, were not related to

Table 1. Baseline plasma levels of VEGF in relation to the charac-
teristics of HCC

Variables n Plasma VEGF (pg/ml)

Plasma AFP level (ng/ml)

<400 12 170.15%70. 59

=400 18 158.06+95.27 *
Child-Pugh class

A 17 157.86+103.01

B 13 169.40+57.39 *
Tumor size {cm)

<3 2 107.10+47.88

>3 28 166.841+86.36 *
Tumor type

Single nodule 7 156.41£60. 47

Multiple nodules 23 164.821£92, 44 %

Portal vein thrombosis
139.79£49. 82
211.06 112,11 **

Compared between the two groups, * : P>0.05; #x ; P<0.05. (Student’s ¢
test).

Negative 19

Positive "
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Table 2. Changes of plasma VEGF level 3 days after TACE in rela-
tion to the characteristics of HCC

Table 3. Risk factors for intrahepatic or extrahepatic metastasis on
univariate analysis

Clinical characteristics n Group 1 (% ) Group 2 (% )

Plasma AFP (ng/ml)

<400 12 5(41.7) 7(58.3)

>400 18 6(33.3) 12(66.7) *
Child-Pugh class

A 17 6(35.3) 11(64.7)

B 13 5(38.5) 8(61.5) *
Tumor size (cm)

<3 2 0 2(100)

>3 28 11(39.3) 17(60.7) *
Tumor type

Single nodule 7 3(42.9) 4(57.1)

Multiple nodules 23 8(34.8) 15(65.2) *
Portal vein thrombosis

Negative 19 5(26.3) 14(73.7)

Positive 11 6(54.5) 5(45.5) *
Uptake of iodized oil

Homogeneous 10 8(80.0) 2(20.0)

Heterogeneous 20 1(5.0) 19(95.0) **
Response to TACE

Partial 13 5(38.5) 8(61.5)

Complete 6 4(66.7) 2(33.3)

Progressive 11 2(18.2) 9(81.8) *

Compared between the two groups. #* :P >0.05 ; %% . P< 0.05. (Fish-
er’s exact test combined with the chi-square test). Group 1 was defined as
the group in which the plasma vascular endothelial growth factor-2 (VEGF)
levels decreased compared with their basal levels; the levels in group 2 in-
creased compared with their basal levels. The numbers in parentheses indicate
percentages , which may be not total 100 because of rounding.

Child-Pugh class, tumor type, portal vein thrombosis,
tumor size, AFP level and response to TACE. More-
over, the plasma VEGF levels increased in 61.5% of
the patients who achieved a partial response ( Table 2).
The difference was not statistically significant ( P >
0.05).

Occurrence of intrahepatic or extrahepatic metasta-
sis 4 weeks after TACE in relation to changes in the
plasma VEGEF levels

Metastasis of HCC was found in 20 patients within
3 months after TACE (lung metastasis in 8 patients, intra-
abdominal lymph node metastasis in 4, bone metastasis in
3, and intra-hepatic metastasis with main portal vein
thrombosis in 5). Univariate analysis showed that these
metastases appeared to be common in patients with large-
sized, multi-nodular HCC. The poor response to TACE
Plasma VEGEF also tended to be associated with frequent
metastasis after treatment ( P <0.05, Table 3).

Using risk factors for metastasis that were deter-
mined by univariate-analysis, plasma VEGF level, tumo-
rize, tumor-type and response to TACE were found to
be independent risk factors for the occurrence of metas-
tasis HCC after TACE ( P <0.05).
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Clinical variables n No. of metastasis (% )
Plasma AFP (ng/ml)

<400 12 8(66.7)

=400 18 12(66.7) *
Child-Pugh class

A 17 12(70.6)

B 13 8(61.5) *
Tumor size (cm)

<3 2 0

>3 28 20(71.4) **
Tumor type

Single nodule 7 1(14.3)

Multiple nodules 23 19(82.6) **
Portal vein thrombosis

Negative 19 12(63.2)

Positive 1 8(72.7) *
Uptake of iodized oil

Homogeneous 10 7(70.0)

Heterogeneous 20 13(65.0) *
Response to TACE

Partial 13 11(84.6)

Complete 6 1(16.7)

Progressive 1 8(72.7) =
Changes in plasma VEGF levels

Group 1 3 0

Group 2 27 20(74.1) **

Compared between the two groups. # :P >0.05 ; * % .P< 0.05. (Fish-
er’s exact test). Group 1 was defined as the group in which the plasma vas-
cular endothelial growth factor (VEGEF)levels decreased compared with their
basal levels and the levels in group 2 increased compared with their basal le-
vels. The numbers in parentheses indicate percentages, which were rounded

up.

Discussion

Metastasis is a major characteristic of malignant tumor.
The process is ignited by the changing gene activity in
the early stage of the primary tumor. The malignant
tumor cell can obtain the ability of invasiveness. Hema-
togenous seeding of tumor cells usually precedes intra-
hepatic and extra-hepatic metastases in patients with
HCC. The tumor cells need to escape the immune sur-
veillance of the host for their continuous clone growth.
The process of angiogenesis is also essential to produce a
visible mass at the metastatic site..>->! Therefore, the in-
vasiveness of the tumor, host immunity, and tumor fac-
tors influencing the growth of wvarious cells within
tumors may contribute to the likelihood of metastasis in
patients with HCC. The tumor cell is dependent on ox-
ygen and other substances for their growth. During the
growth of a tumor, cells obtain oxygen by perfusion,
but node diameter will be less than 2-3 mm and cell
number can not exceed 107 without angiogenesis. The
tumor cell will be in a stable statel6-10]

In the present study, metastases were more frequent
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in patients with large-sized tumors and multi-nodular
HCC, and high plasma VEGF levels. Response to TA-
CE also tended to be associated with metastases after
treatment. Usually, the response to TACE is likely to be
incomplete in patients with large-sized HCC, high level
of plasma AFP, or heterogeneous uptake of iodized oil
after TACE.['") In addition, resected HCC from these
patients after TACE remains viable with incomplete nec-
rosis.| 2 Therefore, it is not surprising to observe an in-
creased risk of metastasis in these patients. Moreover, it
is also possible that a certain type (multiple nodules) of
HCC unresponsible to therapy and spreading easily may
have an increased tendency to metastasize after TACE . 3]

In this study, the increased expression of VEGF af-
ter TACE was associated with intra-hepatic and extra-
hepatic metastases. Several possibilities could explain the
association between the increased post-TACE plasma
VEGF levels and the occurrence of HCC metastasis after
TACE. In group 1 VEGF was decreased because HCC
cell almost completely necrosed and in group 2 VEGF
expression was increased only because hypoxia stimulated
tumor cell. VEGF and its signaling pathway have been
known to initiate tryosyl phosphorylation of the vascular
endothelial growth factor receptor-1 and thus activate
multiple signaling pathways that are essential to liver cell
growth. Host capillaries become hyper-permability in
response to an angiogenesis stimulator, and breakdown
of the tumor capillary basement membrane. Therefore,
increased VEGF expression may increase the risk of
HCC metastasis by enhancing the growth and invasive-
ness of HCC cells. Also it may enhance the hematoge-
nous spread of tumor cells and promote the growth of
pre-existing HCC cells to form a visible mass at the me-
tastatic sites by enhancing neovascularization through its
direct angiogenic activity or by inducing a potent angio-
genic factor, such as IGF-2, PIGF, FGF, and HIF-1.

It is not uncommon to observe the early spread of
HCC cells after TACE or surgical resection, which re-
sults in multiple intra-hepatic or extra-hepatic metastasis
in patients who have no evidence of angio-invasion. In
contrast, some large-sized tumors with evident portal
vein thrombosis tend to be confined within the liver for
a long period. These findings suggest that certain tumor
factors may be induced by TACE or surgery and may
promote the spread or clone growth of HCC cells.[?] 1t
was reported that TACE might change the nature of
tumor cells from so-called “adherent subline” to “float-
ing subline” and result in the residual viable tumor cells
lacking mutual contacts. The results of the current study
together with previous reports could be interpreted to
indicate that ischemic insults caused by TACE up-regu-
late VEGF expression and thereby promote the spread of
tumor cells into the peripheral circulation, which might
facilitate the occurrence of metastasis.

In spite of increased plasma VEGF level after TA-
CE, TACE indeed played a very important role. Almost
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influent-oxygen tumor cells died, but their changes
from hypoxia state need time. Studies have pointed out
the importance of anti-angiogenesis therapy.[14:13]

Our data indicated that plasma VEGF levels increase
in patients with large-sized tumors and heterogeneous
uptake of iodized oil after TACE. We speculate that the
plasma VEGF induced by ischemia after TACE is likely
to originate from remnant viable tumors. Furthermore,
per-HCC liver tissue also over-expresses VEGF com-
pared with liver tissue without HCC.['®! VEGF origi-
nates from malignant cell and is transferred by blood cells
including platelets and leukocytes. ['7) Therefore, in-
creased plasma VEGF level induced by ischemia after
TACE is likely to exert autocrine, paracrine, or endo-
crine effects on the metastasis of HCC.[1®]

Our findings demonstrate that increased VEGE plas-
ma levels after TACE is associated with the metastasis of
HCC. But it is possible to decrease the metastasis of
HCC after TACE by anti-angiogenesis therapy.! 222!
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