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ABSTRACT
Purpose. To evaluate the safety and efficacy of sequential
transcatheter arterial chemoembolization (TACE) and
portal vein embolization (PVE) prior to surgery in hepatocellular carcinoma (HCC) patients and to compare the
clinical outcome of the combined procedure with that of a
matched group of patients undergoing PVE alone.
Patients and Methods. From 1997 to 2008, 135 patients
with HCC underwent sequential TACE and PVE (n = 71)
or PVE alone (n = 64) before right hepatectomy. PVE was
performed mean 1.2 months after TACE. In both groups,
computed tomography (CT) and liver volumetry were
performed before and 2 weeks after PVE to assess degree
of left lobe hypertrophy.
Results. Baseline patient and tumor characteristics were
similar in the two groups. After PVE, the chronological
changes of liver enzymes were similar in the two groups.
The mean increase in percentage future liver remnant
(FLR) volume was higher in the TACE ? PVE group
(7.3%) than in the PVE-only group (5.8%) (P = 0.035).
After surgery, incidence of hepatic failure was higher in the
PVE-only group (12%) than in the TACE ? PVE (4%)
group (P = 0.185). Overall (P = 0.028) and recurrencefree (P = 0.001) survival rates were significantly higher in
the TACE ? PVE group than in the PVE-only group.
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Conclusion. Sequential TACE and PVE before surgery is
a safe and effective method to increase the rate of hypertrophy of the FLR and leads to longer overall and
recurrence-free survival in patients with HCC.

Major hepatic resections are increasingly performed for
large hepatocellular carcinoma (HCC) to achieve complete
resection and provide the possibility of cure, given that
liver transplantation or ablative therapy is not indicated for
these tumors.1–3 However, major hepatic resection is frequently contraindicated in many HCC patients because of
the increased risk of postoperative hepatic failure.2,3 Portal
vein embolization (PVE), which induces atrophy of the
embolized lobe with compensatory hypertrophy of the
nonembolized future liver remnant (FLR), has been
increasingly used to reduce the risk of postoperative
hepatic failure in patients undergoing major hepatic
resection.4–7
The degree of FLR hypertrophy after PVE is predictable
in patients with healthy livers; however, it varies in patients
with chronic liver disease.8–15 In addition, it is possible
that, after PVE, there can be a compensatory increase in the
hepatic arterial flow to the embolized segments, thus
resulting in insufficient nonembolized liver hypertrophy or
rapid tumor growth.16 These may be the major limitations
of using PVE before major hepatic resection in HCC
patients with underlying chronic liver disease.
Despite the theoretical drawback of increased risk of
liver damage caused by double occlusion of blood supply,
sequential transcatheter arterial chemoembolization
(TACE) and PVE before major hepatic resection has
recently shown promising results for increasing the rate of
hypertrophy in HCC patients with chronic liver disease, as

1252

it decreases arterial flow and thus increases parenchymal
damage in the embolized liver and suppresses arterioportal
shunts.14,17 In addition, TACE combined with PVE may
have a strong anticancer effect by obstructing tumorfeeding vessels and suppressing intrahepatic spread by
portal vein invasion from HCC and arterioportal shunts in
HCC patients.1,18,19
However, previous studies reporting clinical outcomes
of combined TACE and PVE before major hepatic resection have been limited by their small numbers of patients
(n \ 20).3,17 The objectives of our study are: (1) to evaluate the safety and efficacy of this combined procedure
before surgery in 71 patients with HCC, and (2) to compare
the clinical outcome with that of a matched group of
patients undergoing PVE only (64 patients).
PATIENTS AND METHODS
Patient Population
All patients provided written, informed consent for the
procedure, and our institutional review board approved the
retrospective review of the patients’ medical and imaging
records. From May 1997 to November 2008, a total of 135
patients with HCC underwent right PVE, which was indicated in patients undergoing right hepatectomy for HCC
and with only a small future liver remnant (FLR) of less
than 40% of total liver volume.4,20 Among these 135
patients, 71 underwent sequential TACE and right PVE,
while the remaining 64 patients underwent right PVE only
before right hepatectomy. There was no established institutional consensus on the antitumor and FLR hypertrophy
effects of precedent TACE before PVE and liver resection,
thus TACE before PVE was decided by surgeon preference. All patients were considered to be candidates for
right hepatectomy; all patients were classified as Child–
Pugh class A and had no vascular invasion or extrahepatic
metastases, and no portal hypertension. All patients also
met criteria for PVE or TACE; all patients had no portal
vein (PV) invasion, total bilirubin level less than 2 mg/dl,
and international normalized ratio less than 1.5.
Transcatheter Arterial Chemoembolization
Superior mesenteric and common hepatic arteriographies were initially performed to assess patient anatomy,
tumor burden, vascularity, and portal vein patency. After
selective catheterization of the right hepatic artery using a
microcatheter, cisplatin was then infused for 15 min into
the hepatic artery. The infused dose of cisplatin was 2 mg/
kg body weight. Thereafter, an emulsion of iodized oil
(Lipiodol; Laboratoire Guerbet, Cedex, France) and
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cisplatin was infused into the selected segmental feeding
artery (anterior segmental branch, posterior segmental
branch, or both anterior and posterior segmental branches),
followed by embolization with 1-mm-diameter absorbable
gelatin sponge particles (Gelfoam; Upjohn, Kalamazoo,
MI) until arterial flow stasis was achieved.
Portal Vein Embolization and Follow-Up Liver
Function Tests
In 71 patients who had received TACE, PVE was performed 1 week to 2.8 months (mean 1.2 ± 0.7 months)
after TACE, following recovery of liver function. The
detailed technique for PVE was similar to that noted in
previous reports.7,21,22 Under fluoroscopic guidance, the
right PV was embolized using only gelatine sponges
(n = 69), the liquid embolic material Embol-78 (n = 25),
a gelatin sponge with an Amplatzer vascular plug (AGA
Medical, Golden Valley, MN) (n = 21) or a gelatin sponge
with coils (n = 20), depending on availability of embolic
material and operator preference.22
CT Volumetry
CT and liver volumetry were performed before and
2 weeks after PVE to assess degree of hypertrophy. Multidetector dynamic CT scans were performed, and
volumetric data were obtained from the portal phase image.
Volumetric evaluation was performed in consensus by
two radiologists using a CT analysis system. The outer
margin of the liver was drawn, excluding large vessels such
as the portal vein at the porta hepatis and the inferior vena
cava as well as hepatic fissures. These manual delineation
methods were performed slice by slice from the hepatic
dome to the inferior tip. Using a summation-of-area
method, the volume (V) was then calculated using the
following equation: V = T 9 A, where T is the slice
thickness (0.5 cm interval) and A is the enclosed area
(cm2). Volume was measured three times for each patient,
and the average value was obtained to resolve any discrepancies that might occur. The gallbladder and middle
hepatic vein were used as markers to define the border of
the right and left lobes of the liver. The caudate lobe was
calculated as a part of the left lobe, because its portal vein
was not embolized. In each hepatic volumetry, the hepatic
tumor volume was excluded from the hepatic volume to
prevent overestimating the hepatic volume because of any
tumor growth. The total estimated liver volume (TELV)
and FLR were obtained from the CT volumetry. The FLR
volume was considered to represent the left hepatic lobe
and caudate.
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Right Hepatectomy and Follow-Up
To minimize ischemia–reperfusion injury, a gabexate
mesilate solution was continuously infused beginning 12 h
before surgery and until 3–4 days after surgery.23,24 Right
hepatectomy was performed by one of two experienced
hepatic surgeons. The liver parenchyma was transected
using a Cavitron ultrasonic aspirator under hemihepatic
inflow occlusion. Any significant postoperative complications, particularly hepatic failure, were evaluated. Hepatic
failure was defined by prothrombin time of less than 50%
(of normal) and serum bilirubin level greater than 3 mg/dl
(51.3 lmol/l) on postoperative day 5.25
Data Analysis
The TACE ? PVE group and PVE-only group before
major hepatectomy were compared in terms of baseline
characteristics and tumors, changes in liver enzymes after
PVE, changes in degree of liver hypertrophy (percentage
FLR to TELV) after PVE, rates of surgery after PVE, rates
of postoperative liver failure, rates of postoperative mortality, patient survival period after PVE, and recurrencefree patient survival period after PVE.
Statistical Analysis
Student’s t-test (parametric test) or Mann–Whitney
U test (nonparametric test) was used to compare pairs of
independent continuous variables, and Fisher’s exact test
was used to compare categorical variables. Overall survival
and recurrence-free survival were calculated using the
Kaplan–Meier method and compared using the log-rank
test. All statistical analyses were performed using the SPSS
package (version 14.0, SPSS), and a two-sided P value of
\0.05 was considered statistically significant.
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TABLE 1 Baseline patient and tumor characteristics
Demographics

TACE ?
PVE group

PVE-only
group

Patients

71

64

Age, mean ± SD, years

56.0 ± 9.4

58.2 ± 9.2

Male

60

56

Female

11

8

Sex

0.216

HBV
HBV LC

2
55

0
52

HCV LC

9

3

Alcoholic LC

3

5

Cryptogenic LC

2

4

0

59

51

1

12

13

6.36 ± 5.25

6.66 ± 3.75

51

47

20
0.90 ± 0.34

17
0.92 ± 0.65

ECOG score

0.661

Tumor multiplicity
Single
Multiple
Total bilirubin

0.175
0.805

Etiology

Tumor size, mean ± SD,
cm

P-value

0.620
0.849

0.671

AST

45.08 ± 45.18 45.32 ± 35.01 0.891

ALT

47.08 ± 66.85 40.43 ± 36.05 0.536

Portal vein embolic
material

0.775

Gelatin sponge alone

39

30

Embol-78 (liquid
embolic material)

12

13

Gelatin sponge with AVP 11
Gelatin sponge with coils 9

10
11

TACE transcatheter arterial chemoembolization, PVE portal vein
embolization, SD standard deviation, HBV hepatitis B virus, HCV
hepatitis C virus, LC liver cirrhosis, AST aspartate aminotransferase,
ALT alanine aminotransferase, AVP Amplatz vascular plug, ECOG
Eastern Cooperative Oncology Group

RESULTS
Patient Characteristics before TACE and PVE
Comparative results of baseline patient and tumor
characteristics in the TACE ? PVE and PVE-only groups
are summarized in Table 1. There was no significant difference between the two groups in terms of baseline tumor
or patient characteristics.
Immediate Results and Changes of Liver Enzymes After
PVE
TACE or right PVE was successfully performed in all
patients. After PVE, complications occurred in only one

patient (1.4%, 1/71) in the TACE ? PVE group. In this
patient, elevated liver enzymes [aspartate aminotransferase
(AST), alanine aminotransferase (ALT)] did not normalize
during the 3 months following PVE, and right hepatectomy
was not performed in this patient.
Figure 1 shows the changes in liver enzymes before and
after TACE, PVE, and hepatectomy. In the TACE ? PVE
group, all liver enzymes were mildly elevated within
3 days following TACE but had returned to their baseline
levels before PVE. After PVE and right hepatectomy, peak
levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and serum bilirubin were similar in
the two groups (P = 0.535, P = 0.521, and P = 0.571
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FIG. 1 Comparison of changes of aspartate aminotransferase (AST) (a), alanine aminotransferase (ALT) (b), and serum bilirubin (c) between
the two groups. Laboratory data measured 2 days after the procedure were selected because most peak values were detected around this time

after PVE; P = 0.720, P = 0.654, and P = 0.821 after
right hepatectomy, respectively) (Fig. 1).

TABLE 2 Pathologic TNM stage in the two groups who underwent
surgery
Stage

Liver Volume Changes After PVE
Before PVE, the mean percentage of FLR volume to
TELV in the TACE ? PVE and the PVE-only groups was
34.1 ± 7.2% and 34.5 ± 7.6%, respectively. After PVE,
the mean percentage of FLR volume in the TACE ? PVE
and PVE-only groups was 41.4 ± 7.3% and 40.3 ± 8.1%,
respectively. The mean increase in percentage of FLR
volume was statistically significantly (P = 0.035) higher in
the TACE ? PVE group (7.3 ± 3.6%) than in the PVEonly group (5.8 ± 4.5%).
Right Hepatectomy and Postoperative Course
The mean interval between PVE and right hepatectomy
was similar in the TACE ? PVE and PVE-only groups (29
and 31 days, respectively, P = 0.320). Right hepatectomy
could not be performed in six of the PVE-only group
patients because of inadequate remnant liver hypertrophy
(n = 4) or aggravation of HCC (n = 2), and right hepatectomy could not be performed in three of the
TACE ? PVE group patients because of inadequate remnant liver hypertrophy (n = 2) or deterioration of liver
function (n = 1). The resection rate was higher in the
TACE ? PVE group (96%, 68/71) than in the PVE-only
group (91%, 58/64), but not statistically significantly so
(P = 0.307).
Right hepatectomy was performed in 58 and 68 patients
in the PVE-only and the TACE ? PVE groups, respectively. Pathologic tumor-node-metastasis (TNM) stage was
not significantly different between the two groups who
received surgery (P = 0.323) (Table 2).26 After surgery,
incidence of hepatic failure was higher in the PVE-only
group (12%, 7/58) than in the TACE ? PVE (4%, 3/68)
group, but not statistically significantly so (P = 0.185).
Five of seven patients with hepatic failure in the PVE-only

TACE ?
PVE-only P-value
PVE group group

Stages according to TNM category
Stage I (T1N0M0)
Stage II (T2N0M0)
Stage IIIA (T3N0M0)

0.323
8

3

41
19

34
21

TACE transcatheter arterial chemoembolization, PVE portal vein
embolization

group eventually recovered with medical management,
while the remaining two patients in the PVE-only group
eventually died of hepatic failure, despite medical management, 35 and 62 days after surgery, respectively,
whereas all of the three patients with hepatic failure in
the TACE ? PVE group recovered with medical management. Incidence of postoperative mortality was higher
in the PVE-only group (3%, 2/58) than in the TACE ?
PVE group (0%), but not statistically significantly so
(P = 0.210).
Overall and Recurrence-Free Survival Periods
The current study ended in April 2010. During the follow-up period until the end of this study, 44 patients died, 6
were lost to follow-up, and 85 remained alive. In the
TACE ? PVE group, the cumulative survival rates at 1, 3,
5, and 10 years were 97%, 83%, 72%, and 58%, respectively. In the PVE-only group, the survival rates at 1, 3, 5,
and 10 years were 89%, 73%, 56%, and 31%, respectively.
The cumulative survival period was significantly longer in
patients in the TACE ? PVE group than in those in the
PVE-only group (P = 0.028) (Fig. 2a).
During the follow-up period after PVE, there was HCC
recurrence in 25 patients (35%, 25/71) in the TACE ?
PVE group and in 35 patients (55%, 35/64) in the PVEonly group. In the TACE ? PVE group, the cumulative
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FIG. 2 Overall and disease-free survival rates after PVE: a Kaplan–Meier curves showing overall survival rates in the TACE ? PVE group and
in the PVE-only group. b Kaplan–Meier curves showing the disease-free survival rates in the TACE ? PVE group and in the PVE-only group

recurrence-free survival rates at 1, 3, 5, and 10 years were
83%, 70%, 61%, and 56%, respectively. In the PVE-only
group, the recurrence-free survival rates at 1, 3, 5, and
10 years were 62%, 51%, 38%, and 24%, respectively. The
cumulative recurrence-free survival period was significantly longer in the TACE ? PVE group patients than in
the PVE-only group patients (P = 0.001) (Fig. 2b).
DISCUSSION
The basic hypotheses of the current study are: (1) that
preoperative TACE ? PVE may increase the rate of
hypertrophy more than PVE alone in HCC patients with
chronic liver disease by decreasing the compensatory
increased hepatic arterial flow to the embolized lobe and
by suppression of arterioportal shunts, and (2) that preoperative TACE ? PVE may decrease the risk of rapid
tumor progression prior to major hepatic resection by
blocking the compensatory hypertrophied feeding arteries.
According to these hypotheses, preoperative TACE ?
PVE may increase the probability of resectability for
major hepatectomy and may decrease the risk of postoperative hepatic failure.
In the present study, the mean increase in percentage
FLR volume was significantly higher in the TACE ? PVE
group (n = 71) (7.3 ± 3.6%) than in the PVE-only group
(n = 64) (5.8 ± 4.5%) (P = 0.035), thus indicating that
sequential TACE and PVE is more efficient than PVE
alone for increasing FLR volume in HCC patients with
chronic liver disease. Ogata et al. also observed similar
results, i.e., the mean increase in percentage FLR volume
was significantly higher in 18 patients who underwent
sequential TACE and PVE (12 ± 5%) before right hepatectomy than in 18 patients who underwent PVE alone
(8 ± 4%) (P = 0.044).17

After PVE, changes in liver function are usually minor and
transient in both normal and chronic liver disease.8,10,12,15
However, sequential TACE and PVE may have the theoretical drawback of increased risk of liver damage caused by
double occlusion of the blood supply. However, in the
present study, this complication occurred in only one patient
(1.2%, 1/71) in the TACE ? PVE group, in whom the
planned hepatectomy was abandoned due to deterioration of
liver function after PVE. Furthermore, the changes of liver
enzymes after PVE noted in this study were similar in the
TACE ? PVE and PVE-only groups. In addition, Aoki et al.
found that necrosis of noncancerous liver parenchyma was
minimal in most cases, even though necrosis of HCC tumors
was marked in the resected specimens of their study patients
(n = 17) who underwent preoperative sequential TACE and
PVE.3 Therefore, we believe that preoperative sequential
TACE and PVE can be safely performed in HCC patients and
with similar safety in patients who undergo PVE without
TACE before surgery.
Parenchymal damage caused by TACE in embolized
liver, which is reflected by changes in liver enzymes
including AST, ALT or total bilirubin, may differ according to the interval between TACE and PVE. In other words,
shorter interval between TACE and PVE can lead to more
damage to embolized liver and therefore presents a greater
risk, particularly in patients with liver cirrhosis.17 For
instance, Aoki et al. found that AST and ALT levels were
significantly elevated after sequential TACE and PVE
(with median interval of 9 days) in 17 patients, even
though these changes were transient and there was only a
mild increase in bilirubin level.3 In a report by Ogata et al.,
the mean interval between TACE and PVE in 18 patients
was 3.6 weeks.17 After PVE, peak levels of AST and ALT
were significantly higher in the TACE ? PVE group than
in the PVE-only group (P = 0.026 and P = 0.031,
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respectively).17 However, mean peak levels of AST and
ALT in the study by Ogata et al. were less than half those
reported by Aoki et al.3,17 However, we found that mean
peak levels of AST, ALT, and total bilirubin after PVE
were mildly elevated and were similar in the TACE ?
PVE and the PVE-only groups. The mean interval between
TACE and PVE in our study was 1.2 months, and the mean
peak levels of AST and ALT were less than half those
reported by Ogata et al.17
In the current study, the recurrence-free survival period
was significantly longer in the TACE ? PVE group
patients than in the PVE-only group patients (P = 0.001).
The significantly longer recurrence-free survival period in
the TACE ? PVE group than in the PVE-only group can
be explained by several factors. First, given that the combined treatment may induce higher tumor necrosis, there
would be less chance of incomplete tumor excision or
tumor cell dissemination during surgery.17 TACE alone
induces complete tumor necrosis in approximately 50% of
patients.27–29 Ogata et al. found that sequential TACE and
PVE achieved complete tumor necrosis in more than 80%
of their patients compared with only 5% after PVE alone.17
Second, the combined treatment may decrease the rate of
early recurrence, which usually develops due to undetected
or residual microscopic tumor after resection.30 Our findings support this assumption; the recurrence-free survival
curve demonstrated in our study shows the beneficial effect
of the combination therapy, particularly during the first
year after surgery. Once recurrence occurs, survival is
limited.31 The longer recurrence-free survival period in the
TACE ? PVE group in the current study eventually led to
longer overall survival period in the TACE ? PVE group
than in the PVE-only group (P = 0.028).
The principal limitation of our study is its nonrandomized and retrospective design, which involves some
inherent flaws. A prospective and randomized control trial
will be required to reach definite conclusions regarding the
clinical efficacy of sequential TACE and PVE before
surgery.
In conclusion, sequential TACE and PVE before surgery
is a safe and effective method to increase the rate of
hypertrophy of the future liver remnant; it also leads to
longer recurrence-free survival in patients with HCC.
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