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Abstract
AIM: To investigate the efficacy of transcatheter arterial
chemoembolization (TACE) combined with radiotherapy for
unresectable large hepatocellular carcinoma (HCC).
METHODS: From June 1994 to June 1999, a total of 76
patients with large unresectable HCC were treated with TACE
followed by external-beam irradiation. 89 patients with large
HCC, who underwent TACE alone during the same period,
served as the control group. Clinical features, therapeutic
modalities, acute effects and survival rates were analyzed
and compared between TACE plus irradiation group and TACE
alone group. A multivariate analysis of nine clinical variables
and one treatment variable (irradiation) was performed by
the Cox proportional hazards model.
RESULTS: The clinical features and therapeutic modalities
except irradiation between the two groups were comparable
(P>0.05). The objective response rate (RR) in TACE plus
irradiation group was higher than that in TACE alone group
(47.4 % vs 28.1 %, P<0.05). The overall survival rates in
TACE plus irradiation group (64.0 %, 28.6 %, and 19.3 %
at 1, 3, 5 years, respectively) were significantly higher than
those in TACE alone group (39.9 %, 9.5 %, and 7.2 %,
respectively, P=0.0001). Cox proportional hazards model
analysis showed that tumor extension and Child grade were
significant and were independent negative predictors of
survival, while irradiation was an independent positive
predictor of survival.
CONCLUSION: TACE combined with radiotherapy is more
effective than TACE alone, and is a promising treatment for
unresectable large HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a common cancer in Asia.
In China, there has been an increasing trend in the incidence

and mortality of HCC during the past two decades. The ageadjusted rate of death per 100 000/year was 20.37 in 1990’s.
Patients with HCC usually have a poor prognosis. Surgery is
the only potential cure, and there has been a great progress in
surgery over the past decades[1]. However, the overall 5-year
survival rates are still not above 5 % as the number of resected
cases is limited due to advanced lesions or associated liver
disease[2-4]. Most of the patients with HCC are subjected to
various forms of non-surgical therapy. Transcatheter arterial
chemoembolization (TACE) has become one of the most
popular forms of nonsurgical treatment in Asia. TACE
application to HCC has demonstrated good results in reducing
the size of tumor and improving survival[5-10]. However, within
or around the capsule, which is supplied by both arterial and
portal blood, tumor cells remain viable, which are often
responsible for later recurrence[11]. Even in several prospective
randomized trials, TAE failed to improve significantly the
survival of patients with HCC[12,13]. Further treatment was
needed to eradicate the residual tumor cells. We have found in
a clinical trial that TACE combined with irradiation may be a
good method for large unresectable HCC[14]. In the present
study, we compared the effects of TACE plus irradiation with
that of TACE alone for the treatment of large unrectable HCC.

MATERIALS AND METHODS
Patients
During the past decade, patients with unresectable HCC
underwent TACE therapy as the first line treatment at the
Cancer Hospital of Fudan University, but parts of patients
underwent TACE combined with radiotherapy or were given
percutaneous ethanol injection (PEI) in clinical trials by some
doctors. Included in the present study were 76 patients with
unresectable large HCC who underwent TACE combined with
radiotherapy between June 1994 and June 1999. The criteria
for entry into this study were as follows: (1) The tumor / liver
volume ratio was not above 0.7:1. (2) The lesion was detectable
by ultrasound (US) and computed tomography (CT). (3) The
level of serum transaminase was under 80 IU/L. (4) There was
no evidence of extrahepatic metastasis, or ascites, or severe
cirrhosis (class C according to Child’s classification ). (5)
Karnofsky performance score 70. During the same period, a
total of 127 patients underwent TACE alone as a routine therapy.
89 patients who complied with the above criteria served as the
control group. In 61 (80.0 %) patients in TACE plus irradiation
group and 73 patients (82.0 %) in control group, the diagnosis
of HCC was confirmed by cytological examination. Diagnosis
in the remaining patients was made on the basis of characteristic
findings by ultrasound, CT and angiography, and high serum αfetoprotein (AFP) levels. None of the patients underwent surgical
resection owing to advanced tumor stage and/or location of the
lesion, or because of refusal of surgery. Informed consent was
obtained from all patients and their relatives.
Treatments
TACE procedure was performed as follows. The tip of a catheter
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was introduced into the appropriate hepatic artery, and 5fluorouracil (1.0 g, 5-Fu, Xudong Haipu Pharmaceutical Inc.,
Shanghai, China) and cisplatin (40-60 mg, CDDP, Qilu
Pharmaceutical Factory, Jinan, China) or doxorubicin
hydrochloride (30-50 mg, Adriamycin, Main Luck
Pharmaceutical Inc., Shenzhen, China) were injected, followed
by a mixture of iodized oil (5-20 ml, Lipiodol, Huaihai
Pharmaceutical Factory, Shanghai, China) and mitomycin C
(10-20 mg, MMC, Kyowa Hakko Kogyo Co., LTD, Tokyo,
Japan) was injected slowly under fluoroscopic control. In some
patients embolization with a gelatin sponge (1×1×10 mm,
Gelfoam. the 3rd Pharmaceutical Factory of Nanjing, Nanjing,
China) was performed at the same time. TACE procedures
were performed at 4 to 10 week intervals, and patients received
1 to 4 times of TACE.
In the TACE plus irradiation group, radiotherapy was started
4 to 8 weeks after TACE. Twenty-six patients with a solitary
tumor within a 9 cm diameter received limited-field
radiotherapy. Radiation was delivered through a pair of
opposed anterior-posterior fields using a 6 MV or 18 MV linear
accelerator. Field sizes ranged from 64 cm2 to 144 cm2. The
fractions were 1.8 to 2.0 Gy daily, given five times a week.
The total dose ranged from 30 Gy to 50 Gy, depending on the
proportion of normal liver excluded from the high-dose volume
and the Child’s grade. For 50 patients with a solitary tumor of
more than 9 cm diameter or with multinodular or diffuse
lesions, whole or partial liver irradiation with a moving strip
technique[14] was performed. The total midline dose ranged
from 19.5 to 30 Gy. Ten patients whose tumor reduced to 9 cm
or smaller after whole or partial liver irradiation had a boost to
residual disease to a total dose of 36 to 42Gy.

Effects evaluation
The effects on the tumor were assessed by US and CT, together
with AFP levels in cases with increased baseline values.
Changes in tumor size were assessed in terms of percent
regressing on CT and US, using World Health Organization
criteria. Cumulative survival was determined by the KaplanMeier method from the first day of treatment.
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a complete response (CR), and 31 patients (40.8 %) showed a
partial response (PR). Tumor size was unchanged in 30 cases
(39.5 %), and increased in 10 cases (13.2 %). The objective
response rate (RR) was 47.4 %. 48 patients had increased AFP
values (>20 ng/ml) before treatment. In 23 of these cases
(47.9 %), AFP level reduced by more than 50 %. In the control
group, CR was observed in 2 patients (2.3 %) and PR was
observed in 23 patients (25.8 %). Tumor size was unchanged
in 44 cases (49.4 %) and increased in 20 cases (22.5 %). The
RR was 28.1 %. The rate of AFP level, reducing by more than
50 %, was 29.0 % (20/69). The RR and AFP reduction rate in
the TACE plus irradiation group increased significantly
compared with that in the control group (P<0.05).
Table 1 Clinical features and therapeutic modalities in two
groups
TACE
group
cases (%)
Sex

Male

75 (84.3)

Female

14 (15.7)

8 (10.5)

Age

<60 years

66 (74.2)

57 (75.0)

60 years

23 (25.8)

19 (25.0)

AFP

<400 ng/ml

45 (50.6)

42 (55.3)

No. of lesions

Solitary
Multiple

30 (33.7)

25 (32.9)

Tumor

1 lobe

72 (81.9)

52 (68.4)

400 ng/ml

RESULTS
Clinical features and therapeutic modalities
The nine clinical features before treatment in the two groups are
shown in Table 1. Only the rate of two lobes invasion in TACE
plus irradiation group was slightly, but not significantly higher
than that in control group. The other features in two groups
were similar (P>0.05). There was no significant difference of
TACE times and spongostan use between two groups (Table
1). Thus, the clinical features and therapeutic modalities, except
irradiation, were comparable between these two groups.
Effects on tumor
In the TACE plus irradiation group, 5 patients (6.6 %) showed

68 (89.5)

44 (49.4)

34 (44.7)

59 (66.3)

51 (67.1)

extensiona

2 lobe

17 (19.1)

24 (31.6)

Tumor size

5-10 cm

51 (57.3)

47 (61.8)

>10 cm

38 (42.7)

29 (38.2)

Portal

Absent

67 (75.3)

62 (81.6)

thrombosis

Present

22 (24.7)

14 (18.4)

Child grade

A

74 (83.2)

63 (82.9)

B

15 (16.8)

13 (17.1)

Okuda stage

I

24 (27.0)

29 (38.2)

II

65 (73.0)

46 (60.5)

1

27 (30.3)

27 (35.5)

2

42 (47.2)

28 (36.8)

3

15 (16.9)

11 (14.5)

4

5 (5.6)

10 (13.2)

Spongostan use No

48 (53.9)

44 (57.9)

Yes

41 (46.1)

32 (42.1)

III

Statistical analysis
The difference of clinical features, therapeutic modalities,
response rate (RR) and AFP decreasing rate between the 2
groups were analyzed by chi-square test. The difference of
survival was assessed by log-rank test. P value <0.05 was
considered significant.
To assess the relatively prognostic importance of factors in
predicting survival, a multivariate analysis of nine clinical
variables, including sex, age, AFP level, number of lesions,
tumor size, tumor extension, portal thrombosis, Child grade,
and Okuda stage, and one treatment variable (irradiation), was
performed by Cox proportional hazards model.

TACE plus
irradiation
P value
group cases (%)

TACE times

1 (1.3)

0.327
0.901
0.547
0.912
0.064
0.554
0.329
0.996

0.155

0.253
0.610

a
Hepatic lobes were classified as two lobes: right lobe and left
lobe.

Survival and Cox model analysis
In the TACE plus irradiation group, the median follow-up time
was 26 months (ranged from 10 to 84 months). Fifty-two
patients died, 21 patients were still alive, and the remaining 3
patients were lost to follow-up. In the control group, the median
follow-up time was 24 months (ranged from 10 to 70 months).
Seventy-five patients died, 9 patients were still alive, and 5
patients were lost to follow-up. The data were obtained and
analyzed in January 2001.
The survival curve for patients from the two groups is
shown in Figure 1. The overall survival rates at 1, 3, and 5
years from the TACE plus irradiation group were 64.0 %,
28.6 %, and 19.3 %, respectively (median survival, 19 months),
and 39.9 %, 9.5 %, and 7.2 %, respectively from the control
group (median survival, 10 months). The survival rates in
TACE plus irradiation group were significantly higher than those
in control group (P=0.0001).
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Multivariate analysis using the Cox proportional hazards
model showed that both tumor extension and Child grade were
significant and independent negative predictors of survival,
while irradiation was an independent positive predictor of
survival (Table 2).
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Figure 1 Cumulative survival curves for patients in two groups.
The patients in TACE plus irradiation group survived significantly longer than did those in TACE alone group (P=0.0001).
Table 2 Multivariate analysis of major prognostic factors by
the Cox proportional hazards model
Variabes
Tumor extension
Child grade
Irradiation or not

Regression
coefficient
0.8708
0.5685
-0.7256

Hazard
ratio

P value

2.3888
1.7655
0.4840

0.0016
0.0200
0.0002

DISCUSSION
TACE is a combination of target chemotherapy and arterial
embolization that has both selective ischemic and
chemotherapeutic effects on HCC. TACE is an excellent
debulking procedure. Surgically resected specimens showed
that TACE effectively destroyed malignant cells, not only in
the main tumors, but also in daughter tumors, extracapsular
invasion, and intraportal neoplastic thrombi. TACE was proved
to be effective in treating HCC, and has been widely used for
patients with unresectable HCC in Asia[5-10]. It was even found
that the effects of TACE was comparable to that of resection
in some subpopulations of patients with operable HCC[15].
However, TACE is not a curative method. Tumor cells remain
viable, especially in and around the capsule, and tumors may
recur by the blood supply from the collateral circulation or portal
vein[11]. The long-term efficacy of TACE was disappointing. 1,
3, and 5 year survival rates were around 50 %, 20 %, and 6 %,
respectively[5-10]. In the present study, the RR and 5 year survival
rate in the TACE control group were 28.1 % and 7.2 %,
respectively, which were approximate to the results in the
literature. Nevertheless, in some prospective randomized trials,
TACE therapy failed to improve the survival of patients
significantly[12,13]. Segmental TACE has been shown to yield 5
year survival rate (30 %) for patients with lesions less than 5 cm,
but it is suitable only for small tumors. Thus, multimodality
treatments are necessary, especially for large HCC.
Radiotherapy has not played a significant role in treating
HCC because of the poor tolerance of the liver. The benefit of
radiotherapy is still uncertain. Whole liver irradiation at or
above 35Gy in a 3-4 week period is known to cause a high
incidence of radiation hepatitis, yet this dose level is not
enough to control the tumor. In contrast to whole liver
irradiation, small portions of the liver can be irradiated up to
50-60 Gy in 5-6 weeks without significant long-term morbidity.

Limited-field high dose irradiation (40-60Gy) and threedimension conformal radiotherapy have been found to be
effective for relatively small unresectable HCC, even with portal
vein thrombosis[16-20].
The combination of TACE with radiotherapy may remedy
the limitation of each alone and have synergistic effects. Tumor
shrinkage after TACE allows the use of smaller irradiation
fields, which permits higher tumor doses and improves the
normal liver tolerance. Combination therapy also serves the
purpose of eliminating residual cancer cells after TACE.
Furthermore, the anticancer drug retained in the tumor may
have a radiosensitizing effect[21]. The anticancer drug, when it
is mixed with lipiodol, has been reported to maintain relatively
high concentrations in tumors as long as 27 days and decrease
to a trace level after 47 days[22]. In 1990, Yoshikawa et al.[23]
reported that the combination therapy was more effective
than TACE or radiotherapy alone in a preliminary study
encompassing a small number of cases. From then on, this
combination regimen was carried out to treat HCC by more
investigators, and was found to be an effective method for
HCC[24-29]. Seong et al.[26] reported that 30 patients with HCC
who were treated by TACE combined with radiotherapy had
3 year survival rate of 22.2 %, and a median survival of 17
months. The results of our study also suggested that TACE
followed by irradiation was a promising approach for large
HCC. The RR and 5 year survival rate were 47.4 % and 19.3 %,
respectively, in 76 patients with very large tumors ( 5 cm in all
cases, >10 cm in 38.2 % of the cases, while two hepatic lobes
were involved in 31.6 % of the cases). In addition, the results of
the Cox proportional hazards model analysis showed that
irradiation was an independent positive predictor of survival,
and further confirmed that TACE combined with radiotherapy
was more effective than TACE alone.
The results of combination therapy in the present study
appeared to be comparable to those in other reports of
multimodality therapy. Second-look resection after TACE
yielded the highest 5 year survival rate (56 %)[30, 31], but only
a few patients had the opportunity of resection following
TACE. PEI after TACE yielded higher survival rates at 1, 2, and
3 years than TACE alone did[32-37], but the survival rates after 4
years dropped, and it was suitable only for tumors <8 cm. Tanaka
et al.[37] reported that 83 patients with HCC who were treated
by TACE-PEI had 5 and 7 year survival rates of 35 % and 14 %,
respectively, but most of the patients (71.1 %) in their study had
tumors of less than 5 cm in diameter. The results of our study
showed that TACE combined with radiotherapy was effective
even for very large tumors.
The optimal radiation dose in the combined therapy is
unclear. It is well known that the inhibiting effect of
radiotherapy on most tumors depends on the irradiation dose.
It has been found that the radiation dose is a significant factor
for predicting the objective response and the survival in treating
HCC[14, 19], but liver tolerance should be considered at the same
time. Recently, conformal radiotherapy has been introduced
for the treatment of intrahepatic malignancies and dose-volume
histogram analysis was used to quantify the tolerance of the
liver by some investigators [20,38-40]. They suggested the
irradiation dose level by normal liver volume to be radiated
depended on the percentage of normal liver receiving more
than 50 % of the prescribed isocenter dose, 66Gy for less than
33 %, 48Gy for 33-66 %, and 24Gy (whole liver) for more
than 66 % in 1.5Gy twice a day fractionation with concurrent
bromodeoxyuridine [38,39] . Introduction of conformal
radiotherapy and dose-volume histogram analysis into the
study of the combined therapy will help to give an optimal
and tangible dose.
The Cox proportional hazards model showed that tumor
extension was a significant and independent negative predictor
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of survival. The prognosis of patients with invasion in two
hepatic lobes was worse than that of patients with one hepatic
lobe invasion. This may be because the tumor was barely
controlled by combined therapy or TACE alone treatment plus
the chance of metastases rose when there was invasion in two
lobes. The degree of cirrhosis (classified by Child grade) is
also an independent negative predictor of survival. This is in
agreement with previous studies[35, 36].
In summary, our results demonstrate that TACE combined
with radiotherapy is a promising treatment for large HCC.
Prospectively randomized, controlled multi -center clinical trials
are needed to confirm the advantageous effects of combined
therapy over TACE or radiotherapy alone. In addition, further
clarification about an optimal radiation dose and the optimal
interval between TACE and radiotherapy are also needed.
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