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Summary

Purpose: This study aimed to investigate the efficacy
and safety of transcatheter arterial chemoembolization
(TACE) in combination with three-dimensional conformal
radiotherapy (3D-CRT) in the treatment for locally ad-
vanced unresectable hepatocellular carcinoma (HCC).
Methods: From March 2000 to March 2009 a total of
158 patients with unresectable HCC treated and followed
at our hospital were divided into TACE group (N=80) and
TACE combined with 3D-CRT group (N=78). The TACE
group was treated 3-6 times. In the combination group,
2-3 TACE courses were administered and 3D-CRT was
performed 2 weeks after the last TACE. Three months after
the end of treatment, imaging and serum AFP were car-
ried out to assess the treatment efficacy.

Results: The response rates of TACE and the combination

Introduction

HCC ranks fifth in morbidity and third in mor-
tality among malignant neoplasms worldwide,
with more than 500000 patients suffering from
HCC every year. The ideal therapy is radical resec-
tion of liver segment or lobe, but approximately
80% of the patients should not or could not under-
go surgery due to various reasons [1]. Recently,
non-surgical treatments of HCC have been devel-
oped, benefiting many patients. TACE produces
higher remission rates in the treatment of HCC,
and is considered as the first choice of non-surgi-
cal treatment. For multifocal or diffuse HCC, TACE

groups were 53.7% (43/80) and 71.8% (58/78) (p<0.05).
The 1, 2, and 3-year survival rates of patients in the TACE
and combination groups were 58.75, 36.25, 16.25%, and
78.48, 55.12 and 25.64% (p<0.05), respectively. Treatment
compliance was good, with at least 2 TACE administra-
tions for each case and at least 52 Gy for radiotherapy.
In the TACE and the combination group, there were 2 and
3 cases with grade III/IV toxicity, respectively, without
treatment-related death.

Conclusion: 3D-CRT in combination with TACE signif-
icantly improve the therapeutic outcome in patients with
locally advanced unresectable HCC, without creating se-
vere toxicity.

Key words: primary hepatocellular carcinoma, three-di-
mensional conformal radiotherapy, transcatheter arterial
chemoembolization

is the main treatment method, with good short-
term results [2] and can cause necrosis of cancer
tissues of different degrees. However, after hepat-
ic artery embolism, due to increased portal vein
blood supply in the liver and establishment of
collateral circulation, pure TACE cannot achieve
complete tumor necrosis, which is the cause of
disease recurrence. In addition, many adminis-
trations of TACE may lead to drug resistance and
liver function damage.

Liver has poor tolerance to radiation, and
the therapeutic effect of low-dose conventional
external beam radiotherapy is extremely limit-
ed in HCC. Therefore, the liver is regarded as an
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organ not suitable for radiotherapy. 3D-CRT has
enhanced the irradiation dose to tumors, and re-
duced the irradiation dose on normal liver tissue,
increasing thus the effectiveness of radiotherapy
in the treatment HCC. At present, 3D-CRT is the
mainstream technology of external beam irradi-
ation in the treatment of HCC [3,4]. Theoretically,
TACE can kill most tumor cells, shrink the tumor
volume, narrow the radiation field and improve
the radiation tolerance of normal liver tissue.
In addition, precise and high-dose 3D-CRT can
block the portal vein blood supply and compen-
satory blood supply, and significantly reduce re-
currence rates after TACE. However, in clinical
practice it is inconclusive whether the efficacy
of 3D-CRT in combination with TACE is superior
to 3D-CRT or TACE alone, and whether the side
effects of 3D-CRT increase after combining with
TACE. Therefore, we carried out this randomized
controlled trial to compare the efficacy of TACE in
combination with 3D-CRT vs TACE alone in cases
of locally advanced unresectable HCC.

Methods

General data

From March 2000 to March 2009 a total of 158
patients with unresectable HCC treated and followed
were divided into the TACE group (N=80) and TACE
combined with 3D-CRT group (N=78). This study was
conducted in accordance with the declaration of Hel-
sinki and after approval from the Ethics Committee of
Wenzhou Medical College. Written informed consent
was obtained from all participants.

Inclusion criteria

Liver function Child-Pugh class A; Eastern Co-
operative Oncology Group performance status (ECOG
PS) 0-1; no cirrhosis, jaundice and ascites; no severe
illnesses except HCG; no history of liver radiotherapy;
no contraindications for chemotherapy and radiothera-
py; adequate bone marrow, renal and cardiac function;
expected survival longer than 3 months; age 18-70
years.

There were 118 (74.7%) males in the two groups
and only in 26 (16.5%) of 158 cases were diagnosed by
biopsy or FNB. No patient met the criteria for radical
surgery according to at least one senior surgical oncol-
ogist or general surgeon. The range of tumor diameter
was 3-16 cm (median 7.5).

TACE therapy

TACE comprised hepatic arterial infusion chemo-
therapy and hepatic artery embolization. Percutaneous
catheterization of the femoral artery was performed

using the Seldinger method [5], in which the tube is
inserted into the arteria hepatica propria or the left
and right hepatic arteries according to tumor location.
The chemotherapeutic drugs were injected through the
catheter, followed by peripheral embolization with lipi-
odol emulsion and central embolization with gelfoam.

Chemotherapeutics and doses

5-fluorouracil (Shenyang Double Ding Pharma-
ceutical Co., Ltd, Shenyang, China), 750-1000 mg;
cis-platinum (Jiangsu Hansoh Pharmaceutical Co., Ltd.,
Lianyungang, China) 40-60 mg; farmorubicin (Pfizer
Pharmaceutical Co., Ltd., Wuxi, China), 40-80 mg; mi-
tomycin (Pfizer Pharmaceutical co., Ltd., Wuxi, China),
6-10 mg. Patients in the combination group underwent
2-3 courses of TACE; 3D-CRT was delivered 2 weeks af-
ter the last course of TACE if liver function tests were
normal. Liver function tests and serum biochemistry
(serum ALT, normal 7-40 U/L; AST, normal 13-25 U/L;
total bilirubin 33.4-19.0 pmol/L; creatinine, normal 40-
106 pmol/L) were closely monitored during TACE so as
to give supportive and/or and symptomatic treatment
if necessary. Full (100%) of the planned dose of each
chemotherapeutic drug was given when ALT, AST, total
bilirubin and creatinine levels were <2 times the upper
limit of normal (ULN) and 50% when the levels were
between 2-5 times the ULN.

3D-Conformal radiotherapy

Radiotherapy was designed with CMS- XiO radia-
tion treatment planning system (CMS- Xio TPS, Com-
puterized Medical Systems Inc, USA). Varian23EX
linear accelerator (Varian Medical Systems, California,
USA) was employed to perform 6 MV high-energy X-ray
radiotherapy as follows: the patient was fixed with vac-
uum pad and scanned under enhanced spiral CT scan-
ning machine with 3-5 mm scanning slices; data was
transmitted through the network to TPS system. Ra-
diotherapist, hepatobiliary surgeon and radiologist
delineated all the important organs, viscera outlines,
gross tumor volume (GTV) and clinical tumor volume
(CTV, typically included the GTV plus 0.5-1.5 cm mar-
gin that varied due to specific location and breathing
movement), and then the planning target volume (PTV,
including the CTV plus 0.5cm margin); they also de-
fined the radiotherapy dosage of important organs. Tar-
get areas included intrahepatic tumor and portal vein
tumor emboli. After the target area and related organs
were outlined, a physicist optimized the radiotherapy
planning. Generally, radiotherapy was delivered in 4-6
fields and the crucial organs’ doses (small intestine,
stomach, spinal cord, heart, kidney, normal liver tissue,
etc.) met the criteria of radiation dose limits to normal
organs. The radiotherapist and hepatobiliary surgeon
evaluated the plan together after it was designed and
radiotherapy was confirmed and delivered if the plan
met the clinical requirements. The sum of the radiation
doses received by each individual ranged from 50 to 62
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Gy (median 58) with 2-2.5 Gy/day, 5 days a week. Liver
function was regularly monitored during treatment so
as to protect liver and apply symptomatic treatment if
needed.

Efficacy evaluation

According to response evaluation criteria in solid
tumors (RECIST), treatment efficacy was divided into
complete response (CR), partial response (PR), stable
disease (SD) and progressive disease (PD); CR and PR
were considered as objective response. Serum alpha
fetoprotein (AFP) levels served as complementary in-
formation of efficacy evaluation. Response rate (RR)
was the sum of CR+PR, and 1-, 2-, and 3-year survival
rates were analyzed. Enhanced CT or MRI scans review
was performed every 3-6 months and AFP was checked
every 1-2 months for 3 years after stopping treatment.
Out of routine schedule, imaging methods were carried
out when AFP levels increased.

Toxicity

Toxic effects were evaluated according to the US
NCI-CTC (common toxicity criteria).

Statistics

Data was analyzed with SPSS13.0 software (SPSS
Inc, Chicago, IL). Survival was estimated from the first
day of treatment to the last follow up visit or death
from any cause until December 2012. Survival was cal-
culated with the Kaplan-Meier method and differences
were assessed with the log rank test. Comparisons be-
tween groups were made using the x? test. A p-value <
0.05 was considered as statistically significant.

Results

Patient baseline data

Patient baseline demographics and clinical
characteristics of both groups are shown in Table
1. No statistically significant differences between
the groups were observed (p>0.05).

Number of TACE courses

Three to 6 TACE courses were administered
in the TACE group; the patients of the combi-
nation group underwent 2-3 courses of TACE
and 3D-CRT was delivered 2 weeks after the last
course of TACE.

Short-term efficacy

The treatment was completed as planned in
all cases with no interruptions or patients’ deci-
sion for treatment discontinuation. The change
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Table 1. Patient and disease characteristics of the two
groups

Characteristics TACE group Combination group
(N=80) (N=78)
N (%) N (%)
Median age, years 55 (15 7 54 (22-72)
(range)
Gender
Male 60 (62.5) 58 (74.4)
Female 19 (37.5) 21 (25.6)
Tumor size (cm)
>10 35 (43.8) 36 (46.2)
<10 45 (56.2) 42 (53.8)
Tumor lesions
Single 56 (70.0) 52 (66.7)
Multiple 24 (30.0 26 (33.3)
Stage
111 42 (52.5) 40 (51.3)
v 37 (46.3) 39 (47.4)

p>0.05 in all categories

of tumor size was assessed according to clini-
cal examination and abdominal CT or MRI three
months after treatment. Short-term assessment of
treatment efficacy was performed 3 months after
the end of therapy (Table 2). In the TACE alone
group there were 2 CRs, 41 PRs, 26 SDs and 11
PDs, for an objective RR of 53.7%. In the combina-
tion group there were 9 CRs, 49 PRs, 17 SDs and
5 PDs, for an objective RR of 71.8%; the difference
between the two groups was statistically signifi-
cant (p<0.05). In addition, one patient in the TACE
group and 3 patients in the combination group
underwent successful tumorectomy after treat-
ment due to significant reduction of tumor size.

Adverse reactions

Common adverse reactions of patients in
the two groups included fever (15 cases in each
group), right upper quadrant pain and serum
transaminases elevation <grade 3 NCI-CTC (7
and 9 cases, respectively), which subsided after
administration of polyene phosphatidylcholine
capsules and diammonium glycyrrhizinate and
symptomatic treatment; no significant differences
in adverse reactions were observed between the
two groups. Leukopenia was noticed in 4 cases
of the TACE group and in 11 cases of the combi-
nation group (x? 3.8, p>0.05), among which there
were 2 and 3 cases with grade III/IV, respectively
(p<0.05). Two patients had upper gastrointestinal
hemorrhage in both TACE and the combination
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Table 2. Comparison of short-term therapeutic efficacy between the two groups

Groups CR PR SD PD RR

N (%) N (%) N (%) N (%) (%)
TACE group (N=80) 2(2.5) 41 (51.3) 26 (32.5) 11 (13.8) 43 (33.7)
Combination group (N=78) 9 (11.5) 49 (62.8) 17 (21.8) 5(6.4) 58 (74.4)
x? 4.98 2.16 2.29 2.34 7.27
p-value <0.05 >0.05 >0.05 >0.05 <0.01

CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease, RR: CR+PR

groups (p>0.05).

Survival

The median follow-up was 27.5 months
(range 2-121) for the combination group and 29.4
moths (range 2-107) for the TACE group. The me-
dian survival time was 17.8 months (range 2-107)
for the TACE group and 19.4 months (range 2-121)
for the combination group (p>0.05). One-, 2-, and
3-year survival rates of patients were marked-
ly different between TACE and the combination
groups (p<0.05, Table 3 and Figure 1).

Discussion

HCC ranks third in morbidity and is the second
leading cause of cancer-related deaths in China.
At present, surgery is the main radical therapeu-
tic method. However, most patients are diagnosed
at middle or advanced stages, with reduced liver
function related to cirrhosis or the disease itself,
making liver operations more difficult or even
hazardous, with poor overall curative benefit. Re-
cently, non-surgical treatments for HCC have been
developed, including TACE, which benefit many
patients. Radiotherapy plays a crucial role in the
non-surgical therapy of this condition [6-8].

Currently, TACE is being considered as the
preferred treatment for unresectable HCC at mid-
dle or advanced stages. Researches show that the
efficacy of TACE is superior to symptomatic treat-
ment. However, since there exists double blood
supply in the margin of HCC, this may lead to
TACE failure. At the same time, the tumor blood
supply, coupled with residual liver tumor cells’
contributes to intrahepatic or distant dissemina-
tion of disease after TACE through collateral cir-
culation or recanalization of the embolized blood
vessel(s). On the other hand, a disadvantage of
TACE is poor control of the portal vein area sur-
rounding the tumor, thus it is difficult to com-
pletely eradicate the tumor [9,10].

Liver has been previously classified as ra-
diation-resistant organ, while modern basic and

clinical research considers HCC as early response
tissue that is sensitive to radiotherapy [11-13].
Moreover, 3D-CRT has changed the traditional
concept of radiotherapy for liver cancer in recent
years because the radiation dose for intrahepat-
ic tumors can be dramatically improved in con-
formal radiotherapy whilst, at the same time,
the doses are kept in the accepted radiation dose
limits for the remaining normal liver tissue, spi-
nal cord, heart, kindey and gastrointestinal tissue
[5,14,15]. Theoretically, interventional treatments
and radiotherapy are complementary. Radiother-
apy can Kkill live residual cancer cells after TACE,
especially cells with better oxygenation in the tu-
mor edge area due to good blood supply by the

Table 3. Comparison of survival rates between the two
groups

One-year Two-year Three-year
survival rate  survival rate  survival rate
(%) (%) (%)
TACE group
(N=80) 58.75 36.25 16.25
Combination
group (N=78) 7848 55.12 25.64
x? 691 17.73 9.10
p-value <0.05 <0.05 <0.05
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Figure 1. Cumulative survival rates of the two
groups.
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portal vein, while the effectiveness of 3D-CRT is
even stronger. At the same time, chemotherapeu-
tics used in TACE simulteneously increase the ef-
ficacy of radiotherapy. TACE has good efficacy on
the central bulk of tumor tissue (cells with insuf-
ficient oxygen are not sensitive to radiotherapy),
and decreases the tumor volume, which in turn
reduces the radiation field, thus minimizing the
damage to normal liver tissue [16-18].

In order to clarify whether the efficacy of
3D-CRT combined with TACE is better than
3D-CRT or TACE alone in the treatment of HCC,
and whether the side effects of 3DC-RT after TACE
will increase, we compared the efficacy on local-
ly advanced unresectable HCC between TACE in
combination with 3D-CRT and TACE alone. The
results showed that, both the TACE-alone group
and the combination group achieved good re-
sults. Short-term response rates were 53.7% in
the TACE group and 71.8% in the combination
group (p<0.05), which indicated that conventional
TACE combined with radiotherapy facilitated the
inhibition of tumor growth and obtained better
local control. One, 2-, and 3-year survival rates of
patients in the TACE-alone and the combination
groups were 58.75, 36.25 and 16.25%, and 7848,
55.12 and 25.64 (p<0.05), respectively, suggesting
that the improvement of local control in HCC was
also connected with significantly improved long-
term survival.

It is speculated that the improvement of
short-term efficacy and long-term survival in the
combination group may be correlated with the fol-
lowing factors: 1) TACE in combination with radi-
otherapy eliminates live residual cancer cells and
increases local control ratio as well as long-term
effects. 2) Arterial chemotherapy synchronizes
the tumor cells’ cycle, which facilitates radiother-
apy to destroy cancer cells. Furthermore, reten-
tion of chemotherapeutics from embolization in
liver tumor cells has sensitizing effect on sub-
sequent 3D-CRT and accelerates tumor necrosis.
3) TACE damages large numbers of cancer cells,
promotes the residual cells from non prolifera-
tive phase into cell proliferation and oxygenates
hypoxic cells, which helps reduce the radiation
load and improve sensitivity to radiotherapy. 4)
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Alternated radiotherapy and chemotherapy work
on different cell subsets of the same tumor. Arte-
rial chemotherapy synchronizes tumor cell cycle
and reduces tumor cell resistance to treatment,
which makes the cancer cells vulnerable and dest-
royable to radiotherapy. 5) The peripheral tumor
forms collateral circulation that results in tumor
cell proliferation after TACE, but the subsequent
of radiotherapy can effectively kill the oxygenat-
ed tumor cells. 6) For certain tumors with little
blood supply and poor filling of lipiodol emulsion,
3D-CRT can increase the radiation dose and tu-
mor local control rate. 7) 3D-CRT is performed af-
ter TACE to extend the retention of iodine oil and
drugs in tumors, which avoids repeated TACE and
severe liver dysfunction.

In recent years, an increasing number of stud-
ies on TACE combined with 3D-CRT in the treat-
ment of HCC appears in the literature [19-22], in
which the model of 3D-CRT combined with TACE
are the same but the methods of radiation dose
fractionations are different. Generally, higher
fractionation dose (3-10 Gy) in a total of 20-40
Gy with few number of radiation fields (2-4) are
conducted. However, no long-term efficacy reports
exist so as to draw a firm conclusion so far. In our
study, radiotherapy dose was 2-2.5 Gy/day, 5 frac-
tions a week, which was more consistent with the
behavioral radiobiology and better tolerated by
the patients with mild side effects. In addition,
attention should be paid on the damage of liver
functionality in the combined therapy. Liang [6]
reported that the liver function was evidently
decreased when the volume of the liver that re-
ceived 30 Gy was more than 40%. Therefore, ra-
diation should include all the tumor foci in less
radiation fields and exclude normal liver tissue as
much as possible to protect normal tissue from
irradiation, which is hard to achieve with conven-
tional radiotherapy. Through modern advanced
radiotherapy TPS, 3D-CRT can optimize the num-
ber of radiation fields and dose fractionation to
increase radiation dose in the tumor and protect
the surrounding normal liver tissue. According to
the results of this study, it is worth performing
further prospective randomized phase III clinical
trials with larger number of patients.



Treatment of primary hepatocellular carcinoma

697

References

1.

10.

11.

12.

Tinkle CL, Haas-Kogan D. Hepatocellular carcinoma:
natural history, current management, and emerging
tools. Biologics 2012;6:207-219.

Rim CH, Yang DS, Park Y], Yoon WS, Lee JA, Kim CY.
Effectiveness of high-dose three-dimensional confor-
mal radiotherapy in hepatocellular carcinoma with
portal vein thrombosis. Jpn J Clin Oncol 2012;42:721-
7209.

Kang MK, Kim MS, Kim SK et al. High-dose radio-
therapy with intensity-modulated radiation thera-
py for advanced hepatocellular carcinoma. Tumori
2011;97:724-731.

Olivo M, Valenza F, Buccellato A et al. Transcatheter
arterial chemoembolisation for hepatocellular carci-
noma in cirrhosis: survival rate and prognostic fac-
tors. Dig Liver Dis 2010;42:515-519.

Khoynezhad A, Plestis KA. Cannulation in the dis-
eased aorta: a safe approach using the Seldinger tech-
nique. Tex Heart Inst J 2006; 33:353-355.

Jiang GL. Three-dimensional conformal radiothera-
py in hepatocellular carcinoma: conclusion of eight
years studies. The memoir of the sixth Chinese Na-
tional Meeting of Radiation Oncology, 2007; pp 9-19.

Ippolito D, Bonaffini PA, Ratti L et al. Hepatocellular
carcinoma treated with transarterial chemoemboli-
zation: dynamic perfusion-CT in the assessment of
residual tumor. World ] Gastroenterol 2010;16:5993-
6000.

Loffroy R. Interventional radiology for hepato-
cellular carcinoma. Minerva Gastroenterol Dietol
2011;57:299-309.

Takayasu K. Transcatheter arterial chemoemboliza-
tion for unresectable hepatocellular carcinoma: recent
progression and perspective. Oncology 2013;3:28-33.

Kawamura Y, Ikeda K, Kumada H. Strategy for ad-
vanced hepatocellular carcinoma unresponsive to
transcatheter arterial chemoembolization using epi-
rubicin. Gan To Kagaku Ryoho 2010;37:402-4006.

Woo HY, Jang JW, Choi JY et al. Tumor doubling time
after initial response to transarterial chemoemboliza-
tion in patients with hepatocellular carcinoma. Scand
J Gastroenterol 2010;45:332-339.

Eun HS, Kim M]J, Kim H]J et al. The retrospective co-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

hort study for survival rate in patients with advanced
hepatocellular carcinoma receiving radiotherapy or
palliative care. Korean ] Hepatol 2011;17:189-198.

Hoffmann RT, Paprottka P, Jakobs TF, Trumm CG, Re-
iser MF. Arterial therapies of non-colorectal cancer
metastases to the liver (from chemoembolization to
radioembolization). Abdom Imaging 2011;36:671-676.

Ursino S, Greco C, Cartei F et al. Radiotherapy and
hepatocellular carcinoma: update and review of the
literature. Eur Rev Med Pharmacol Sci 2012;16:1599-
1604.

Kuo YC, Chiu YM, Shih WP et al. Volumetric inten-
sity-modulated Arc (RapidArc) therapy for primary
hepatocellular carcinoma: comparison with intensi-
ty-modulated radiotherapy and 3-D conformal radio-
therapy. Radiat Oncol 2011;6:76.

Goryawala M, Guillen MR, Cabrerizo M et al. A 3-D
liver segmentation method with parallel computing
for selective internal radiation therapy. EEE Trans Inf
Technol Biomed 2012;16:62-69.

Merle P, Mornex F. Transarterial chemoembolization
and conformal radiotherapy for hepatocellular carci-
noma. Cancer Radiother 2011;15:69-71.

Gong GZ, Yin Y, Xing LG et al. RapidArc combined
with the active breathing coordinator provides an
effective and accurate approach for the radiothera-
py of hepatocellular carcinoma. Strahlenther Onkol
2012;188:262-268.

Kang JK, Kim MS, Cho CK et al. Stereotactic body radi-
ation therapy for inoperable hepatocellular carcinoma
asalocal salvage treatment after incomplete transarte-
rial chemoembolization. Cancer 2012;118:5424-5531.

Sawrie SM, Fiveash ]B, Caudell J]. Stereotactic body
radiation therapy for liver metastases and primary
hepatocellular carcinoma: normal tissue tolerances
and toxicity. Cancer Control 2010;17:111-119.

Xu LT, Zhou ZH, Lin JH et al. Clinical study of tran-
sarterial chemoembolization combined with 3-dimen-
sional conformal radiotherapy for hepatocellular car-
cinoma. Eur J Surg Oncol 2011;37:245-251.

Yoon SM, Lim YS, Won HJ et al. Radiotherapy plus
transarterial chemoembolization for hepatocellular
carcinoma invading the portal vein: long-term patient
outcomes. Int ] Radiat Oncol Biol Phys 2012;82:2004-
2011.

JBUON 2014; 19(3): 697



