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Background: To assess the prognostic factors for unresectable hepatocellular carcinoma (uHCC) treated
with transcatheter arterial chemoembolisation (TACE) combined with radiotherapy (RT).
Methods: All 101 patients who had received TACE combined with RT from January 2010 to December
2015 were included in this retrospective study. Tumor response and overall survival rate was analysed for all
patients. Univariate and multivariate analyses were used to determine prognostic factors.
Results: The objective response rate was achieved for 73.3% of patients. The median survival time was
23 months (range: 3–60 months), and the overall survival rate at 1, 3, 5 years was 80.2%, 26.7% and 7.9%,
respectively. Multivariate analysis showed that TNM stage, Child-Pugh classification, TACE times and the
total liver volume receiving >20 Gy (V20) were independent prognostic factors for overall survival.
Conclusions: The TNM stage, Child-Pugh classification, TACE times and V20 were independent
prognostic factors for uHCC patients treated with TACE combined with RT.
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Introduction
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the second leading cause of cancerrelated death worldwide (1). Due to the characteristics
of intrahepatic metastasis and the aggressiveness of the
disease, the prognosis is very poor. Surgical resection is
the preferred method for the treatment of HCC, however
80% of patients have lost the chance of surgery because
of poor liver function and advanced tumor stage (2). For
these unresectable HCC (uHCC), transcatheter arterial
chemoembolisation (TACE) is the most commonly used
treatment. However, previous studies have shown that
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the tumor necrosis rate was less than 44% when the
tumor diameter greater than 3 cm and the recurrence and
metastasis of the tumor would increase when incomplete
tumor necrosis was triggered (3,4). It is difficult to
achieve satisfactory results only by TACE, therefore,
other additional treatment strategies must be added for
the treatment of this disease. As the whole liver has a
low radiation tolerance, the role of radiotherapy (RT) is
limited in the treatment of HCC (5). The development
of three-dimensional conformal radiotherapy (3D-CRT)
and intensity-modulated radiation therapy (IMRT) make
it possible to achieve the radical tumor dose by irradiating
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tumor tissue accurately and reduce the irradiation dose of
surrounding normal organs and the remaining normal liver
tissue. RT has been proven to be adaptable for all stages of
HCC (6) and has been incorporated into the comprehensive
treatment of liver cancer in the National Comprehensive
Cancer Network (NCCN) guidelines of 2015 (NCCN
guidelines Version 1.2015).
Many studies have shown that TACE combined with
RT was more advantageous than TACE alone for uHCC
patients in terms of the short-term efficacy or long-term
survival (7-11). The objective response varied widely from
18.0% to 90.5% and the 2-year overall rate ranged from
38% to 61.3% (7,8,11). Therefore, it is significant to
determine the sensitivity factors of the disease, as well as the
treatment sensitivity before commencing treatment.
The independent factors that influence prognosis are still
not clear. We analysed the clinical data of uHCC patients
treated with TACE combined with RT in Shandong Cancer
Hospital affiliated to Shandong University from January
2010 to December 2015 in this study. This study was
conducted to determine the factors affecting the survival
of patients with uHCC treated with TACE plus RT and
provide individualised treatment for uHCC patients.
Methods
Patients
Patients who met the study criteria in Shandong Cancer
Hospital affiliated to Shandong University were fully
evaluated. The eligibility criteria were as follows: (I)
diagnosed by the European Association for the Study of
the Liver (EASL) criteria (12); (II) did not received prior
treatment; (III) Karnofsky performance score (KPS) ≥70;
(IV) Child-Pugh class A or B; (V) treated with TACE
plus RT and (VI) complete follow-up was available. The
exclusion criteria included hepatic arteriovenous fistula,
patients with severe liver dysfunction caused by cirrhosis,
and other serious systemic diseases (respiratory system,
digestive system, endocrine system and cardiovascular
system diseases), which may seriously affect the prognosis
of HCC. All analyses were performed in compliance with
the Ethical Principles for Medical Research Involving
Human Subjects outlined in the Helsinki Declaration in
1975 (revised in 2000). The study protocol was approved by
the Institutional Ethics Committee of the Shandong Cancer
Hospital. Informed consent was obtained from all included
patients.
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Treatment
The interval between TACE was 4–6 weeks, and RT was
performed at 4 weeks after TACE.
TACE
Following preoperative examinations, and after exclusion
of taboos, patients maintained the supine position on the
treatment bed. The right inguinal ligament at the bottom
of the middle point 2 cm was selected for local anesthesia,
subsequently, the Seldinger method was used to insert the
catheter into the hepatic artery or superior mesenteric
artery via the femoral artery. The end-point of TACE
was apparent when there is stagnation of blood flow in
the artery supplying the tumor or a complete uptake of
lipiodol within the tumor. Subsequently, 750–1,000 mg of
5 fluorouracil (5-Fu), 100–150 mg of oxaliplatin (L-OHP),
10–30 mg of hydroxycamptothecin (HCPT) and 5–10 mg
of mitomycin (MMC) were selectively injected according
to the size and blood supply of the liver tumor, followed
by lipiodol and gelatin sponge, lipiodol was used as an
emulsion. As such, 59 patients were selected for 5-Fu,
HCPT, and MMC; 26 patients for HCPT and MMC; and
16 patients for L-OHP and MMC. The puncture point was
bandaged after the operation, and the lower extremities
were stable for 12 hours. The liver function was evaluated
after TACE, and TACE time ranged from 1 to 12 times
depending on the patient's condition and tolerance, TACE
time was from 1 to 12.
RT
For simulations, patients were in the supine position in
the treatment bed with their arms fixed on their heads to
determine the position using vacuum casts. Additionally,
patients’ abdomens were compressed to reduce the
uncertainty bias caused by organ motion and respiratory
movements. The laser line location was used to mark
the relative position of the treatment bed, the negative
pressure zone and the patient’s body surface. Approximately,
10–20 minutes before the scan, 150–300 mL of oral
contrast medium was used, and scanning was performed
from the top of diaphragm to the inferior border of liver
by 3 mm thickness. All plans were designed on the Varian
Eclipse version 8.6.23 treatment planning system. Gross
tumor volume (GTV) was identified combining with TACE
after lipiodol deposition, including portal vein thrombosis.
Clinical target volume was GTV plus 0.5–1 cm. Planned
target volume was defined as CTV plus 0.5 cm in the left
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and right direction, but plus 1.5–2 cm in the upward and
downward directions to address the error of respiratory
organ motion. Subsequently, the physician made an RT
plan, with two radiologists and physicists assessing whether
the clinical requirements were met and the dose validated.
In this study, 80 patients were treated with 3D-CRT
and 21 patients were IMRT. Conventional fractionation
irradiation was performed (1.8–2.0 Gy daily, 5 times a week,
fractionation irradiation was performed in 1 to 2 months).
The irradiation dose and time were determined by the
characteristic of tumor and normal adjacent tissues.
Evaluation
Abdominal computed tomography (CT) was performed
to evaluate the treatment efficacy every 3 months in the
first year following treatment, then half year a time after
one year. Tumor response was assessed based on the
modified Response Evaluation Criteria in Solid Tumors
Version 1.1 (mRECIST 1.1) evaluation criteria: complete
response (CR), where the tumor markers (AFP) are in the
reference range and complete disappearance of all target
lesions, or all of the target lesions disappeared in the
arterial phase, and no new lesions appeared, and this was
maintained over 4 weeks periods. Partial response (PR)
was defined as a decrease of >30% in total reduction of
baseline lesion diameter (enhanced development of arterial
phase). Progressive disease (PR) was defined as an increase
of >20% in the sum of baseline lesions diameter (enhanced
development of arterial phase) or new lesions. Between
CR and PR was stable disease (SD) (13). CR and PR were
regarded as object response.
Toxicities were graded using the National Cancer
Institute Common Toxicity Criteria Version 3.0 (NCICTCAE v3.0).
Statistical analysis
The survival time was calculated from the time of beginning
of treatment by the Kaplan-Meier method. To identify the
prognostic factors for survival, univariate and multivariate
analyses by Cox proportional regression model using
forward LR stepwise regression were performed. All the
statistical analyses were performed using SPSS 19.0 (IBM
Corporation, Armonk, NY, USA). A value of <0.05 was
considered statistically significant.
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Results
Patient characteristics and treatment
All patient data are shown in Table 1. The median age of
patients was 59 years (range, 29–78 years). Portal vein
thrombus (PVT) of type I was seen in 10 patients, type
II in 12 patients and type III in 4 patients. The median
diameter was 5.0 cm (0.6–17 cm). The median number of
TACE was 2 (range, 1–12) with intervals of 4–6 weeks if
it produced a response. All patients used the conventional
fractionation RT with a total dose of 50.35±11.53 Gy and
median dose of 52.00 Gy. The median volume of GTV was
111.30 cm3 (range, 3.51–1,597.60 cm3). Lung metastases
present was found in 1 patient at diagnosis. During followup, 21 patients had metastases, 6 had lung metastases, 8
had intrahepatic metastases, 3 had bone metastases, 2 had
kidney metastases and 2 bad both lung and intrahepatic
metastases. For patients with progress or metastases,
additional therapy was required after their initial treatment,
including RT (location of metastasis and recrudescence) and
chemotherapy. These patients were not excluded.
Response and survival
The curative effect was evaluated 4–6 weeks after the end of
the treatment, the objective response rate was 73.3% with 4
patients (4.0%) in CR and 70 patients (69.3%) in PR. Stable
disease was obtained in 17 patients (16.8%) and progressive
disease in 10 patients (9.9%). After adjustment for potential
confounders, the TNM stage (P=0.008), Child-Pugh
classification (P=0.006) and the total liver volume receiving
>20 Gy (V20) (P=0.046) were independent prognostic
factors for tumor response.
The median follow-up was 28 months (range, 5–
60 months) after the initiation of treatment. The median
survival time was 23 months (range, 3–60 months). At the
time of analysis, 75 patients had died and 26 patients were
still alive. The overall survival rates at 1-, 3-, and 5-year
were 80.2%, 26.7% and 7.9%, respectively (median survival
23 months).
Toxicity
Nausea and vomiting were notable in 20 patients with
grade I, 12 with grade II, but it was self-limiting in all
patients. Fever occurred frequently in 2 of 5 patients,
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Table 1 Characteristics of all patients at baseline
Characteristics

Table 1 (continued)

Patients (n=101)

%

Male

86

85.1

Female

15

14.9

Characteristics

Gender

Mean

%

Tumor size (cm)
Median [range]
Mean

Age (years)
Median [range]

Patients (n=101)

5.0 [0.6–17]
5.48

Number of lesions
59 [29–78]

Median [range]

58

Mean

HBV

1 [1–4]
2

Tumor site

Positive

60

59.4

Negative

41

40.6

≥70 and ≤80

51

50.5

>80

50

49.5

Y

45

44.6

N

56

55.4

Y

48

47.5

N

53

52.5

Y

6

5.9

N

95

94.1

Y

56

55.4

N

45

44.6

Y

26

25.7

N

75

74.3

KPS

Left

39

38.6

Right

48

47.5

Other

14

13.9

A

36

35.6

B

44

43.6

C

21

20.8

II

29

28.7

III

46

45.5

IV

26

25.7

≤400

79

78.2

>400

22

21.8

Class A

89

88.1

Class B

12

11.9

BCLC stage

Smoking

TNM stage

Alcohol consumption

Ascites

AFP (ng/mL)

Liver cirrhosis

Child-Pugh classification

PVT

TACE times
Median [range]
Mean

Table 1 (continued)

3

HBV, hepatitis B virus; PVT, portal vein thrombus; Tumor size
(cm), the maximum dimension of tumor; tumor site (other):
the border of left and right; AFP, alpha-fetoprotein; TACE,
transcatheter arterial chemoembolization; Y, yes; N, no.

but soon subsided without any treatment. Grade I of
leukopenia of was seen in 32 patients (31.7%), grade II
in 12 (12.0%) and grade III in 3 (3.0%), but all patients
eventually recovered after accepting some treatment.
Aminotransferase was elevated in 21 patients, and bilirubin
in 32 patients, all of levels returned to the basal level soon.
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2 [1–12]

Duodenal ulcers were found in 11 patients, grade I in 8
patients and grade II in 3 patients, and soon return to basal
levels after oral medication. Radiation-induced liver disease
(RILD) developed in 4 patients (3.9%) over 3 months
after completion of RT, and no death was found with
symptomatic management.
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Table 2 Univariate and multivariate Cox regression analyses
Characteristics

Univariate analysis
2

Multivariate analysis
P value

Gender

χ

0.000

0.983

Age (yr)

0.225

0.635

HBV

3.659

0.056

KPS

0.973

0.324

Smoking

1.577

0.209

Alcohol consumption

0.931

0.334

Ascites

11.519

0.001

Liver cirrhosis

0.931

0.059

PVT

2.845

0.092

Tumor size

12.958

<0.001

Number of lesions

0.135

0.713

Tumor site

0.596

0.742

BCLC stage

1.348

0.246

TNM stage

16.812

<0.001

AFP (ng/mL)

0.314

0.575

Child-Pugh grade

14.945

TACE times

HR (95% CI)

P value

1.742 (1.261–2.406)

0.001

<0.001

4.409 (2.034–8.059)

<0.001

5.978

0.014

0.548 (0.318–0.944)

0.030

TACE schemes

4.090

0.129

RT techniques

5.608

0.018

GTV (cm )

3.123

0.077

Irradiation dose (Gy)

5.830

0.016

Dmean (Gy)

9.719

0.002

V20 (%)

11.335

0.001

2.591 (1.578–4.257)

<0.001

3

HBV, hepatitis B virus; PVT, portal vein thrombus; tumor size: maximum diameter of the tumor; tumor site (other): the border of left and
right; AFP, alpha-fetoprotein; GTV, gross tumor volume; TACE, transcatheter arterial chemoembolization; Dmean, mean dose of liver; V20,
the total liver volume receiving >20 Gy.

Prognostic factors affecting overall survival
Statistical analysis results are shown in Table 2. Univariate
analysis showed that ascites (P=0.001), different RT
techniques (P=0.018), tumor size (P<0.001), TNM stage
(P<0.001), Child-Pugh classification (P<0.001), TACE times
(P=0.014), irradiation dose (P=0.016), mean dose of liver
(Dmean) (P=0.002) and V20 (P=0.001) were the prognostic
factors for overall survival (Figure 1). In this study, the
tumor size was divided into two groups (d ≤6.1 cm
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and d >6.1 cm), the median survival time of group d ≤6.1 cm
was 29 months, and of group d >6.1 cm was 18 months.
Moreover, 1, 3, and 5 years survival rates in group d ≤6.1 cm
to d >6.1 cm were 87.5% to 67.6%, 36.8% to 16.2%,
and 10.9% to 2.7%, respectively (P<0.001). The median
survival time of TNM stage II, III, and IV was 43, 25, and
15 months, moreover, 1-, 3-, and 5-year survival rates of
patients with stage II were 100%, 48.3%, 20.7%, stage III
were 80.4%, 21.7%, 4.3%; and IV were 57.7%, 11.5%,
0%. The TACE time was divided into two groups (n≤3 and
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1.0

B

P=0.001

P<0.001

C 1.0

0.8
Survival rate

0.8
Survival rate

1.0

0.6
N

0.4

P<0.001

0.8

0.6
Tumor size ≤6.1 cm

0.4

Survival rate

A

485

0.6

Stage II

0.4
Stage III

0.2

1.0

E

P<0.001

Class A

0.4

TACE times >3

0.4

P=0.016

H

Survival rate

0.4
0.2

1.0

P=0.002

IMRT

0.6
0.4
CRT

I

1.0

P=0.001

0.8

0.6
Dmen ≤27.34Gy

0.4
0.2

Dmen >27.34Gy

Irradiation does ≤54.5Gy

0.0
0.00 10.00 20.00 30.00 40.00 50.00 60.00
Time (months)

P=0.018

0.0
0.00 10.00 20.00 30.00 40.00 50.00 60.00
Time (months)

0.8
Irradiation does >54.5Gy

1.0

0.2

TACE times ≤3

0.0
0.00 10.00 20.00 30.00 40.00 50.00 60.00
Time (months)

0.8
Survival rate

F

0.8

0.6

0.2

Class B

0.0
0.00 10.00 20.00 30.00 40.00 50.00 60.00
Time (months)

0.6

P=0.014

Survival rate

0.6

G 1.0

1.0

Stage IV

0.0
0.00 10.00 20.00 30.00 40.00 50.00 60.00
Time (months)

0.8
Survival rate

Survival rate

0.8

0.2

0.2

0.0
0.00 10.00 20.00 30.00 40.00 50.00 60.00
Time (months)

0.0
0.00 10.00 20.00 30.00 40.00 50.00 60.00
Time (months)

D

Tumor size >6.1 cm

0.0
0.00 10.00 20.00 30.00 40.00 50.00 60.00
Time (months)

Survival rate

0.2

Y

0.6
V20 ≤45.41%

0.4
0.2

V20 >45.41%

0.0
0.00 10.00 20.00 30.00 40.00 50.00 60.00
Time (months)

Figure 1 Univariate analysis of factors on survival of patients treated with transcatheter arterial chemoembolization (TACE) combined with
three-dimensional conformal radiotherapy (3D-CRT): (A) ascites; (B) tumor size; (C) TNM stage; (D) Child-Pugh classification; (E) TACE
time; (F) RT techniques; (G) irradiation dose; (H) mean dose of liver (Dmean); (I) the total liver volume receiving >20 Gy (V20).

n>3), the median survival time of group n≤3 was 22 months,
and that of group n>3 was 29 months. The 1-, 3-, and 5-year
survival rates in group n≤3 to group n>3 were 74.0% to
96.4%, 21.9% to 39.3%, and 2.7% to 21.4%, respectively
(P=0.014). V20 was sub divided into two groups (V20
≤45.41% and V20 >45.41%), the median survival time of
group V20 ≤45.41% was 29 months, group V20 >45.41%
was 18 months. The 1-, 3-, and 5-year survival rates of
patients with group V20 ≤45.41% were 87.7%, 35.4%,
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10.8%, respectively, and those of group V20 >45.41% were
66.7%, 11.1%, 2.8%, respectively.
A Cox regression model was used to further assess the
independent prognostic ability of the aforementioned
risk factors. These factors were analysed by multivariate
analysis. After adjustment for potential confounders,
only the following prognostic factors were found to be
independent: TNM stage [P<0.001, hazard ratio (HR),
1.742, 95% confidence interval (CI), 1.261–2.406], Child-
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Pugh grade (P<0.001, HR, 4.409, 95% CI, 2.034–8.059),
TACE times (P=0.030, HR, 0.548, 95% CI, 0.318–0.944)
and V20 (P<0.001, HR, 2.591, 95% CI, 1.578–4.257).
Patients with early TNM stage, Child-Pugh class A, TACE
times >3 and V20 ≤45.41% had a longer survival time.
Thereafter, for 26 HCC patients with PVT, univariate
and multivariate analyses were performed to determine
prognostic factors. We found that the PVT type was a
relative factor for overall survival.
Discussion
With the increase in the incidence HCC, various methods
have been used to treat HCC. It is critical to select the
optimal treatment method and predict the prognosis of
HCC. TACE is the preferred treatment for inoperable
HCC, but patients are susceptible to relapse due to dual
blood supply and branching vessels formed. It may cause
liver damage due to hepatic ischemia when combined with
PVT. A previous article showed that TACE was better
suited as a bridge rather than a radical treatment (14).
The combination of TACE and RT (3D-CRT and
IMRT) can improve this situation. On one hand, RT can
destroy residual tumor cells after TACE and the effect of
subsequent TACE can be enhanced by inducing regression
of the arteriovenous shunts around the PVT. On the other
hand, the target volume after TACE was reduced and the
tumor boundary was clear, that is conducive to the precise
outline of the target, and the retention chemotherapy drugs
in the liver also play a role in RT sensitisation.
Previous studies have confirmed that the efficacy of
3D-CRT combined with TACE was better than that of
TACE alone in the treatment of uHCC (9,14,15), however,
the independent factors affecting prognosis remain
controversial. In this study, we analysed the different factors
and drew some positive conclusions.
The irradiation dose and Dmean had no significant
relationship with the overall survival rate in our study. This
may be because of the heterogeneity of the tumor patient.
Although we did not find that PVT was a separate
influencing factor, previous studies have suggested that it
was an important prognostic factor (16-18). It is possible
that RT maintains the portal vein blood flow by reducing
intravascular tumor growth, preventing the deterioration
of liver function, and limiting the spread of the tumor in
the liver (19). In addition, patients with embolization in our
study are mostly type I or II and the location of thrombosis
influence prognosis (20). It was reported that patients with
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type I and II PVT yielded the best results with surgical
treatment, whereas those type III PVT had the best effects
with TACE + RT (21).
It is easy to understand that the TNM stage is a
significant factor. In addition, Child-Pugh classification is
an important predictor of the overall survival rate. In our
study, 1-, 3-, and 5-year survival rates in Child-Pugh Class
A to B of 80.2% to 66.7%, 30.3% to 0.0%, and 9.0% to
0.0%, respectively (P<0.001). The main reason for this large
difference is that patients with poor liver function are less
tolerant of radiation and prevent repair, which damaged by
radiation and TACE. Moreover, Cheng reported that ChildPugh class B would promote the incidence of RILD (22).
In the present study, 4 patients developed RILD, and all of
them were Child-Pugh class B. Therefore, it is necessary to
consider liver function in the treatment of uHCC.
TACE has been used as a first-line treatment for advanced
HCC for many years and could effectively prolong the
survival of patients (4), but there are controversies about the
number of TACE times. Most studies have shown that the
number of TACE times was a protective factor for HCC (23).
Because of arteriovenous fistula, the injected lipiodol will
be lost over time. Repeated TACE can prolong the survival
time by compensating for the incomplete effect of previous
treatment (24). In our study, 1-, 3-, and 5-year survival rates
of patients were significantly different among patients with ≤
3 times (74.0%, 21.9%, and 2.7%, respectively) and patients
with> 3 times (96.4%, 39.3%, and21.4%, respectively)
(P=0.014). Because of the presence of arteriovenous fistula,
the infusion of lipiodol may be lost, and repeated TACE can
prolong the patient’s life expectancy by compensating for the
incomplete effect of previous treatment (24). As long as liver
function is maintained, TACE can be continued until the
lipiodol is covered with all the tumor.
In addition, V20 significantly influenced the overall
survival of patients independently. Liang et al. showed that
the total liver volume receiving >10 Gy (V10) should be
limited to <68%, V20 should be limited to <49%, and V30
should be limited to <28% in order to minimise the risk of
RILD (25). In another study, Liang proved that V20 was
an independent predictor of RILD for HCC patients (26).
We did not analyse the correlation between V20 and RILD,
because only 4 patients had RILD in our study, however, in
my opinion, V20 was closely related to RILD. Our results
were as follows: the overall survival rate at 1, 3 and 5 years
of patients treated with V20 ≤45.41% were 87.7%, 35.4%
and 10.8%, respectively, compared with 66.7%, 11.1%, and
2.8%, respectively in patients treated with V20 >45.41%
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(P=0.001). The median survival period of the two groups
was 27 vs. 18.5 months. The present finding suggests that
V20 >45.41% may reduce the survival of patients with
uHCC. It is therefore necessary to consider V20 as a
prognostic factor in clinical treatments and trials of uHCC
patients.
Our study has some limitations. First, all patients we
selected were treated with conventional RT, therefore,
the results cannot be generalised to those treated with
hypofractionated RT. Second, because biomarker
measurement is not a routine check in our hospital except
AFP, we did not analyse the other biomarkers on the
influences of the overall survival. Third, the results shown
pertain only to Child-Pugh class A and B patients. In
addition, this research conclusion proves, to some extent,
that the combination of TACE and RT is a promising
treatment for uHCC. However, the strength of the
evidence is weakened by the retrospective design, and more
prospective studies must be conducted.
In summary, the TNM stage, Child-Pugh classification,
TACE times and V20 are independent prognostic factors
for overall survival. We hope that these findings will help
provide patients with personalised treatment plans and yield
a higher survival benefit. Future prospective studies are
required to determine the efficacy and influencing factors of
TACE plus RT in patients with uHCC.
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