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The aim of this study was to evaluate the role of radiotherapy in the treatment of hepatocellular carcinoma
(HCC) with portal vein tumor thrombosis (PVT) and to determine the prognostic factors for overall survival.
Altogether, 106 patients with HCC and PVT referred for radiotherapy between 2004 and 2009 were retrospect-
ively reviewed. A total of 60 Gy in 30 daily fractions was delivered with intensity-modulated radiotherapy
techniques. Patient-related and treatment-related factors were analyzed to evaluate their prognostic signifi-
cance for the overall survival rate. Complete response was noted in 10 patients and partial response in 55
patients. The liver lesions had become resectable after the completion of radiotherapy in 12 patients, and
surgery was subsequently performed. One or two courses of transarterial chemoembolization (TACE) were
administered to 19 patients following radiotherapy. The 1-year and 2-year overall survival rates were 34.7%
and 11%, respectively, and the median survival was 7 months for the entire cohort of patients. Post-radiotherapy
treatment modality, response to radiotherapy and JIS score were demonstrated as independent prognostic
factors for overall survival (P = 0.003, P < 0.001, P < 0.001, respectively). For patients who received surgical
intervention after radiotherapy, the median survival was 30 months and the 2-year overall survival rate
was 67%. Radiotherapy achieved a 61.5% objective response rate and prolonged survival in patients with
PVT. The liver tumors had become resectable after radiotherapy in 11% of patients. Our results suggested
that radiotherapy could offer survival benefits and should be considered as a treatment option for patients
with PVT. Radiotherapy could also be considered as a preoperative treatment modality in patients with HCC
and PVT.
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INTRODUCTION

Hepatocellular carcinoma (HCC) remains a common and
highly lethal disease worldwide. The incidence of HCC is in-
creasing in the world [1]. The treatment of choice for hepato-
cellular carcinoma is surgical resection whenever possible.
However, only a minority of patients present with resectable
tumors. Most patients have locally advanced disease at
diagnosis and are only candidates for palliative treatment.
The usual comorbidity of underlying liver diseases might
also preclude the surgery or make the surgical exploration
dangerous. For locally advanced HCC, portal vein tumor

thrombosis (PVT) can be noted in more than 40% of patients
and is often associated with extremely poor prognosis [2, 3].
There is no standard treatment strategy for patients with

HCC and PVT. The role of transarterial chemoembolization
(TACE) in patients with PVT has previously been considered
contraindicated due to the potential risk of liver failure.
Recently, some authors have proposed that TACE can be per-
formed for patients with PVT as long as there is sufficient
collateral hepatopetal flow and good hepatic reserve [4].
Historically, radiotherapy has played a minor role in the man-
agement of HCC with PVT because of the poor tolerance of
the whole liver to radiation and the risk of radiation-induced
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liver disease (RILD) [5–7]. Liver motion caused by breathing
could also make high-precision radiotherapy a challenge.
With growing knowledge of normal liver tolerance and the
advances in radiotherapy techniques, partial liver irradi-
ation has yielded some promising results in patients with
unresectable HCC [8–11]. The tolerance radiation dose for
30% liver irradiation has been demonstrated to be as high as
70 Gy [10]. It has also been hypothesized that high-dose
radiotherapy might lead to sustained local control and pos-
sible cure of localized HCC [8, 12]. Promising outcomes
have also been observed in patients with PVT treated with
radiotherapy [13–17].
In this study, we evaluated our experience in patients with

HCC and PVT treated with radiotherapy and discussed the
role of radiotherapy in the treatment strategy.

METHODS

From October 2004 to October 2009, 130 consecutive
patients with unresectable HCC complicated with PVT in the
main trunk or first branches were referred to our department.
With informed patient consent and the approval of the
Institutional Review Board, the medical records of these
patients were reviewed. All patients were evaluated by
a multidisciplinary team. Neither TACE nor surgery was
recommended for these patients due to concern about poor
hepatic reserve, poor efficacy, and high complication rates.
Patients with the following characteristics were excluded
from receiving radiotherapy: previously treated for primary
HCC, Eastern Cooperative Oncology Group (ECOG) per-
formance status of 3 or more, liver function of Child–Pugh
class C, and extrahepatic metastasis. A total of 106 patients
received radiotherapy and were evaluated in this retrospect-
ive study, comprised of 85 men and 21 women, and the
median age was 57 years (range 29–79). The diagnosis of
HCC was based on the American Association for the Study
of Liver Diseases (AASLD) guidelines [18]. All patients had
a pretreatment evaluation including complete history, physic-
al examination, hematology and biochemistry profiles, hepa-
titis screening, chest radiographs, abdominal sonography and
computed tomography (CT) scan of the abdomen. It was
noted that 59 patients had chronic hepatitis B (serologically
positive for hepatitis B surface antigen, HBsAg) and 37
patients had chronic hepatitis C (serologically positive for
anti-hepatitis C virus, anti-HCV).
PVT (main: 30, right first branch: 71, left first branch: 37)

was confirmed by sonography, CT scan or angiography. All
patients were staged according to the following models: Child–
Pugh classification [19], 2010 American Joint Committee on
Cancer staging system (AJCC) [20], Okuda staging system
[21], Cancer of the Liver Italian Program (CLIP) score [22],
Barcelona Clinic Liver Cancer (BCLC) staging system [23],
Chinese University Prognostic Index (CUPI) score [24], and
Japan Integrated Staging (JIS) score [25]. Due to portal vein

invasion, all patients were categorized as AJCC Stage IIIB
and BCLC Stage C. Patient characteristics are listed in
Table 1.

Table 1. Characteristics of 106 patients with hepatocellular
carcinoma

Characteristics No. of patients Percentage %

Gender

Male 85 80

Female 21 20

Age

<60 63 59.4

≥60 43 40.6

Child–Pugh class

A 83 78.3

B 23 21.7

PVT

Main 30 28

Right 71 67

Left 37 35

Chronic hepatitis B

With 59 56

Without 47 44

Chronic hepatitis C

With 37 35

Without 69 65

Child–Pugh class

A 83 78.3

B 23 21.7

Okuda stage

I 61 57.5

II 42 39.6

III 3 2.9

CLIP score

1–2 34 32

3–6 72 68

CUPI score

≤1 6 5.6

2–7 90 84.9

≥8 10 9.5

JIS Score

2 18 16.9

3 68 64.2

4 20 18.9
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Radiotherapy techniques
All patients were immobilized using a customized thermoplas-
tic cast in the supine treatment position with both arms raised
above the head. CT scans with contrast enhancement were
acquired in helical mode using a 3-mm slice thickness. An
attempt was made to acquire the entire scan in one breath
hold. Targets and normal tissues were contoured on axial
planning CT images. The spinal cord, bilateral kidney, normal
liver, stomach and small intestine were delineated as organs
at risk. The recommendations for specifying gross tumor
volume (GTV), clinical target volume (CTV), and planning
target volume (PTV) for treatment planning followed the
International Commission on Radiation Units (ICRU) Report
No. 50 [26]. The GTV was defined as the hypodense intra-
luminal filling defect area within the portal vein. The CTV
was defined as the GTV plus 1-cm uniform 3D margins. If
the primary tumors were contiguous with the PVT area, the
partial primary tumor volume might be included within the
CTV. The PTV included the CTV plus a non-uniform 3D ex-
pansion, 0.5-cm radial margins and 1.5-cm craniocaudal
margins to compensate for setup uncertainty and respiratory
movement of the liver. An intensity-modulated radiotherapy
treatment plan was generated and evaluated using the Pinnacle
treatment planning system (Ver. 8.0, ADAC, Milpitas, CA).
Four to six coplanar beams were most often required to
conform the high-dose volume to the PTV and to meet
the dose constraints. The fraction volume of the normal liver
receiving 30 Gy or more (V30 Gy) was kept less than 30%.
Normal liver was quantified as the total liver minus the
liver tumor and PVT area. The mean dose delivered to each
kidney was kept less than 20 Gy. The maximal dose to the
pinal cord was kept less than 45 Gy. The volume of stomach
and small intestine receiving more than 50 Gy was kept less
than 1 ml. A total of 60 Gy in 30 daily fractions, 5 fractions
per week, was delivered to the PTV. The planning goal was to
deliver more than 95% of the prescription dose to encompass
at least 95% of the PTV. During radiation delivery, all patients
were asked to breath shallowly to minimize respiratory
motion.

Evaluation of treatment response and follow-up
All patients were followed up every month by means of
physical examination and biochemistry after completion of
radiotherapy. The treatment response was evaluated with CT
scans and abdominal sonography performed 4–8 weeks after
the completion of radiotherapy. According to the World
Health Organization criteria [27], treatment response was
divided into: complete response (complete disappearance of
PVT), partial response (more than 50% of PVT regression),
stable disease (less than 50% of PVT regression or less than
25% of PVT progression), and progressive disease (more
than 25% of PVT progression). Objective response rates
were defined as the sum of the complete response and partial
response rates.

Evaluation of liver toxicity
Blood chemistry tests and complete blood cell counts were
monitored weekly during the radiotherapy course and then
monthly after the completion of radiotherapy. Radiation-
induced liver toxicities were defined according to the
common toxicity criteria [28]. RILD was defined as anicteric
non-malignant ascites and elevation of alkaline phosphatase
levels to more than twice the pretreatment values.

Statistics
The endpoints of this study were overall survival rates.
Treatment outcomes were analyzed in relation to patient-
related and treatment-related factors using univariate and
multivariate analyses. Survival was calculated from the date
of commencement of radiotherapy.
The probability of survival was calculated actuarially

using Kaplan–Meier methods [29]. Differences between po-
tential prognostic subgroups were tested for statistical signifi-
cance by the log-rank test, P < 0.05 as the significance limit
[30]. All statistically significant prognostic variables in uni-
variate analysis were considered in the multivariate analysis.
Multivariate analysis was performed with the Cox regression
model to identify independent prognostic factors [31].

RESULTS

Two patients were lost to follow-up, with a median follow-up
duration of 10 months. Ten patients did not complete their
prescribed course of treatment (median dose: 52 Gy).
Complete response was noted in 10 patients (9.5%), partial
response in 55 patients (52%), stable disease in 35 patients
(33%), and progressive disease in 6 patients (5.5%). The
objective response rate was 61.5%. The liver lesions were
converted to resectable after the completion of radiotherapy
in 12 patients and surgery was subsequently performed.
Liver lesions were considered as resectable in patients with
the following characteristics: liver function of Child–Pugh
class A, unilobar tumor location, unilateral PVT with
main portal vein or contralateral portal vein involvement
within 2 cm of portal vein confluence, estimated remnant
liver volume >40% of total liver volume or 1% of patient
body weight, indo-cyanide green 15 min retention test <15%
and platelet count >100 000/μl. Most patients who fulfilled
these criteria were patients with the tumor downsized and
hypertrophy of the contralateral lobe. The interval between
completion of radiotherapy and surgical intervention ranged
from 1.2 to 5 months (median: 1.9 months). One or two
courses of TACE were administered to 19 patients after
radiotherapy.
At the time of this analysis, seven patients were alive. The

1-year and 2-year overall survival rates were 34.7% and
11%, respectively, and the median survival was 7 months
for the entire cohort of patients. On univariate analysis,
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post-radiotherapy treatment modality, response to radiother-
apy, multiple lesions, bilateral lesions, main portal vein inva-
sion, Okuda stage, CLIP score, CUPI score, JIS score and
Child–Pugh classification were revealed as significant prog-
nostic factors for overall survival. Multivariate analysis
further confirmed that post-radiotherapy treatment modality,
response to radiotherapy and JIS score were independent
prognostic factors for overall survival. For patients who
received surgery after radiotherapy, the 2-year overall sur-
vival rate was 66.7% and the median survival was 30 months
(Fig. 1). For those with a response to radiotherapy, the 1-year
survival rate was 48.7%, compared with 12% for those
without response (P < 0.0001). The results of the univariate
and multivariate analyses are listed in Tables 2 and 3.

Dose–volume histogram parameters
The median values of V20 Gy and V30 Gy of the normal
liver were 40% (29% to 43%) and 28% (21% to 30%), re-
spectively. The mean dose to the normal liver ranged from
15.3 to 23.1 Gy (median: 20.1 Gy). The mean dose to the
kidney ranged from 0.6 to 14 Gy (median: 10.3 Gy).

Treatment-related complications
Acute radiation-related toxicities of Grade 1 or 2 were
noted in 88% of patients. No acute radiation-related
toxicity ≥Grade 3 was noted. Three patients (2.8%) developed
RILD. These patients presented with anicteric ascites, fatigue,
body weight gain, vague discomfort over the right upper
quadrant of the abdomen, elevation of alkaline phosphatase
levels to more than three times the pretreatment values, and
elevation of transaminase levels to more than twice the normal
values. No mortality was directly related to the occurrence of
RILD.

Fig. 1. Overall survival rates for patient with and without
operation after radiotherapy.

Table 2. Univariate analysis of prognostic factors

No. 1-year OS (%) 2-year OS (%)

Post-RT treatment P < 0.0001

Operation 12 91.7 66.7

TACE 19 57.9 15.8

Without 75 19.6 0

Response to RT P < 0.0001

With 65 48.7 17

Without 41 12 0

No. of tumors P = 0.0014

Single 21 61.9 25.8

Multiple 85 28 6.5

Laterality P = 0.0040

Unilateral 63 42.6 16.2

Bilateral 43 23.3 2.3

Location of PVT P = 0.0053

Main 30 26.7 0

First branch 76 37.8 14.7

Okuda stage P = 0.0050

I 61 42.3 17.9

II 42 26.2 2.4

III 3 0 0

CLIP score P = 0.0006

1–2 34 58.8 18.6

3–6 72 23.2 6.4

CUPI score P = 0.0043

≤ 3 34 52.8 18.6

> 3 72 26.1 6.4

Child-Pugh class P < 0.0001

A 83 42 14.1

B 23 8.7 0

JIS score P < 0.0001

2 18 66.7 33.3

3 68 35.0 8.1

4 20 5 0

OS = overall survival, RT = radiotherapy.

Table 3. Multivariate analysis of prognostic factors

Parameter P value Hazard ratio 95% CI

Post-RT Treatment 0.003 0.622 0.456–0.846

Response <0.001 0.346 0.224–0.536

JIS score <0.001 2.327 1.618–3.347

CI = confidence interval, RT = radiotherapy.
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DISCUSSION

PVT is often associated with subsequent development of
liver function impairment, extrahepatic tumor spread, and
portal vein hypertension. For patients with HCC and PVT
left untreated or treated with only symptomatic management,
the median survival is reported to be <3 months [2, 16].
Proton beam radiotherapy has been employed in the treat-
ment of HCC with PVT, and Sugahara et al. reported an ex-
cellent result with a median local progression-free survival
of 21 months [32]. For patients treated with 3D or intensity-
modulated radiotherapy techniques, median survival ranges
from 3.8 to 9.7 months, and 1-year overall survival rates
ranging from 16.7% to 45.1% have been reported [15–17, 33].
In our study, the median survival was 7 months, and the
1-year overall survival rate was 34.7%. Our results showed
that aggressive treatment did offer survival benefits com-
pared with symptomatic management.
The role of radiotherapy in the treatment of HCC compli-

cated with PVT is still controversial. The tolerance dose of
the entire liver was thought to be much lower than the tumor-
icidal dose [5–7]. The antitumor effect of radiation was often
offset by its adverse effect on liver function. However, the
great technologic advances of radiotherapy in recent years
have provided the means to deliver tumoricidal radiation
doses to the partial liver, and objective tumor response rates
ranging from 25.2% to 56.6% have been reported [17].
The optimal radiation dose for HCC remains a subject of

debate. A radiation dose–response relationship has been
observed in patients with unresectable HCC [8, 12]. In the lit-
erature, the dose of liver irradiation ranges from 30–72 Gy
[12, 17, 34, 35]. Local radiotherapy applying 50–70 Gy was
reported to achieve some clinical benefit, but was not
capable of curing HCC [36].
With respect to radiobiology, HCC was considered to be a

relatively radiosensitive tumor with an α/β ratio > 10 Gy
[37]. Sinusoidal congestion, hyperemia, loss of central
hepatic cells, loss of endothelium and thickening of intima
have been noted in the irradiated liver. Hepatocytes are long-
lived cells, dividing irregularly and rarely. However, after
cell loss, the hepatocytes regenerate rapidly. Compensatory
enlargement of non-irradiated liver after radiotherapy has
been observed, and this was considered to contribute to im-
provement of the liver reserve [38]. Considering the physical
characteristics of photon beams and the toxicities of the
normal liver and surrounding normal tissues, it is still diffi-
cult for radiotherapy to serve as a definitive, curative treat-
ment modality for locally advanced HCC with PVT, even
with the aid of modern radiotherapy techniques. However,
radiotherapy might serve as a neoadjuvant treatment modal-
ity for patients with HCC and PVT. In the literature, radio-
therapy has been used for many years as a neoadjuvant
treatment modality in malignancies of other anatomic sites,

such as the rectum and esophagus. For liver cancer, little at-
tention has been paid to the neoadjuvant role of radiotherapy.
Besides reducing the portal vein occlusion by irradiation, the
unique characteristic of compensatory liver enlargement after
irradiation could increase the hepatic reserve and make sub-
sequent surgery or TACE feasible. Our study offered some
promising data in that 12 patients received post-RT surgery
and 19 patients received post-RT TACE; these patients did
have better overall survival rates than those treated with
radiotherapy alone.
RILD is one of the most common radiation-related com-

plications. RILD typically occurs 4–8 weeks after the com-
pletion of radiotherapy and limits the size of radiation doses
[13]. RILD has been reported to be associated with a mortal-
ity rate of 84% [39].With advanced radiotherapy techniques,
the incidence and severity of RILD can be reduced if carefully
selected dose–volumetric parameters are used for treatment
planning. It has been reported that RILD can be prevented if
the mean dose to the normal liver is <30 Gy [40, 41] or if
V30 Gy is <33% [42]. In our study, V30 Gy of the normal liver
was kept to <30%. High-dose radiation was delivered to the
targets, but we simultaneously kept the radiation dose to the
normal liver below the constraint. The incidence of RILD
was <3%, and no mortality was directly associated with
RILD (similar to previous studies). Our study indicated that
high-dose radiotherapy for PVT is feasible as long as a sub-
stantial portion of the normal liver is spared.
In the literature, the treatment response rates to radiother-

apy for patients with HCC and PVT range from 39–57%
[17]. Our study showed a response rate of 61.5%, and treat-
ment response to radiotherapy was demonstrated as an inde-
pendent prognostic factor for overall survival. Improvement
in the PVT might be a prerequisite for improved overall sur-
vival. Patients with a response to radiotherapy may have the
chance to receive subsequent TACE or surgery. Both TACE
and surgery have a positive impact on overall survival rates,
and prolongation of survival is feasible.
An optimal staging system plays an important role in pre-

dicting the prognosis and directing the treatment strategy. To
best assess the prognosis of HCC, it has been recommended
that an ideal staging system should take tumor stage, liver
function and physical status into account. Currently, there is
no agreement on which staging systems would be optimal for
patients with HCC and PVT. The Okuda staging system is the
first staging system integrating tumor status and liver function
reserve. The Child–Pugh classification is widely used to
evaluate the liver damage in cirrhotic patients and has been
demonstrated to have predictive significance in HCC patients
[19]. The AJCC staging system only includes variables
reflecting the tumor morphology and is less frequently sur-
veyed in HCC patients. The CLIP score is a simple scoring
system that accounts for liver function, tumor characteristics,
presence of PVT, and serum level of alfa-fetoprotein. The
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BCLC classification has ever been demonstrated to offer
peculiar prognostic ability [43]. The JIS score is the sum
of simplified Tumor Node Metastasis (TNM) score and the
Child–Pugh score. Neither the AJCC nor the BCLC staging
systems could serve as significant prognostic predictors for
patients with PVT because all patients were categorized as
AJCC Stage IIIB and BCLC Stage C. In our study, the JIS
score was found to be an independent prognostic factor for
overall survival in patients with PVT. The Okuda, CLIP,
Child–Pugh and CUPI systems were noted as significant
prognostic factors for overall survival with univariate ana-
lysis, but failed to show independent prognostic significance
with multivariate analysis.

CONCLUSIONS

Our study offers some promising results for modern radio-
therapy to be able to serve as a neoadjuvant, especially pre-
operative, treatment modality in patients with HCC and PVT.
Prospective randomized trial is desirable to assess the poten-
tial benefits and hazards of radiotherapy as a preoperative
treatment modality.
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