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Radiation Therapy for Hepatocellular Carcinoma with
Portal Vein Tumor Thrombosis
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Purpose: To evaluate the effectiveness of radiation therapy (RT) for hepatocellular carcinoma (HCC) with portal
vein tumor thrombosis (PVTT) and to analyze the prognostic factors.

Materials and Methods: From December 2004 to April 2009, 70 patients who had HCC with PVTT were treated
with RT at Keimyung University Dongsan Medical Center. Nineteen patients whose total dose was below 30 Gy
and one patient who underwent liver transplantation were excluded. The remaining 50 patients (45 males, 5
females; median age 55 years) were analyzed. According to the LCSGJ TNM stage, there were 27 patients
(54.0%) with stage Ill and 23 (46.0%) with stage IV. Total dose of 30~54 Gy was administered (median 45).
Thirty patients (60.0%) were treated with concurrent chemoradiation therapy (CCRT). The median follow-up
duration was from 13.5 months (range, 3 to 70 months).

Results: The median survival time from the start of RT was 9 months. One-year and 2-year overall survival rates
were 24.9% and 11.2%, respectively. At the follow—up time, three patients (6.0%) displayed no evidence of
disease. Seven patients (14.0%) were alive with disease, and 40 (80.0%) patients had expired due to disease
progression. CCRT was associated with worse survival than RT alone (p=0.034). Response to RT (p=0.037),
CLIP stage (p=0.017), and TNM stage (p=0.041) were statistically significant prognostic factors. There was no
radiation—induced liver disease.

Conclusion: RT is an effective and safe modality for HCC with PVTT. Further studies such as prospective
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randomized trials are needed to confirm the role of RT for HCC with PVTT.
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Introduction

Hepatocellular carcinoma (HCC) is a complex disease that
is the third most common cause of cancer-related deaths
worldwide."”” In association with viral hepatitis, HCC is
particularly prevalent in Asia. Portal vein tumor thrombosis
(PVTT) has been reported in about 50% of HCC patients, and
the survival time is under 2~4 months without specific
treatments.” > Consensus treatment in HCC, including surgical
resection and transarterial chemoembolization (TACE), are not
satisfactory in HCC with PVTT, because of the lack of portal
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blood flow.®™

Advancements in radiation therapy (RT) techniques have
increased the HCC treatment efficiency. RT in HCC with
PVTT tends to improve survival by 8~13 months.'*™"¥
Although RT seems to have a survival benefit, the prognostic
influence of various factors is debatable.”” This study was
designed to evaluate the effectiveness of RT and to analyze

the prognostic factors in HCC with PVTT.

Materials and Methods
1. Patient characteristics

We retrospectively reviewed 70 HCC patients with PVTT
who were referred for RT at Keimyung University Dongsan
Medical Center from December 2004 to April 2009. The

diagnosis of HCC was based on the Korean Liver Cancer
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Study Group and National Cancer Center, Korea guidelines,
pathological confirmation or a compatible radiological finding
in two different imaging modalities with « -fetoprotein (AFP)
level below 200 ng/mL, or compatible radiological finding in
one imaging modality with AFP level above 200, or presence
of hepatic mass above 2 cm in one imaging modality with
previous liver cirrthosis.'"® The diagnosis of PVTT was based
on radiologic findings using dynamic contrast enhanced
computed tomography (CT) or magnetic resonance imaging
(MRI) and on abnormal filling defect within the lumen of the
portal vein.”” PVTT was classified to three groups by its
location, main trunk, first branch and second branch. If
multiple PVTT was located, the PVTT was classified in the
proximal category. Seventy patients were treated by RT.
However, 19 patients whose total dose was below 30 Gy and
1 patient who underwent liver transplantation were excluded.
Clinical data of 50 patients were analyzed.

Patients’ characteristics are shown at Table 1. Patients’
performance status was evaluated with Eastern Cooperative
Oncology Group (ECOG) performance status. The extent of
tumors was evaluated using the Liver Cancer Study Group of
Japan (LCSGJ) TNM stage, and in association of liver
function, Child-Pugh classification and the Cancer of the Liver
Italian Program (CLIP) staging system.lsNzO) Twenty patients
(40.0%) received RT alone and 30 patients (60.0%) received
concurrent chemoradiation therapy (CCRT) via hepatic artery
infusion chemotherapy (HAIC). The chemotherapeutic agents
mainly combined with 5-fluorouracil (5-FU), cis-diammine-
dichloroplatinum (CDDP) and leukovorin. 5-FU (250 mg/day),
CDDP (10 mg/day) and leukovorin (12 mg/day) were deli-
vered for 5 days every 3 to 4 weeks. Number of chemo-
therapeutic cycles was different for each patient (2~ 10 cycles;

median 3 cycles).
2. Radiation therapy

Patients were treated while in the supine position with both
arms raised above the head, using a three-dimensional confor-
mal technique. Gross tumor volume (GTV) included PVTT
area and adjacent primary tumor site. Primary tumor was
excluded from the GTV when separated from the PVTT area,
or the proportion of liver irradiated was more than 2/3 of the
liver. Planned target volume (PTV) included GTV+1~2 cm
in all directions. A total dose of 30~54 Gy (median, 45 Gy)

Table 1. Patient Characteristics

Characteristics No. of patients (%)

Age

<55 24 (48.0)

=55 26 (52.0)
Gender

Male 45 (90.0)

Female 5 (10.0)
ECOG*

0 18 (36.0)

1 32 (64.0)
Portal vein thrombosis

Main trunk 16 (32.0)

First branch 24 (48.0)

Second branch 10 (20.0)
TNM stage

11 27 (54.0)

v 23 (46.0)
cLp’ stage

1 9 (18.0)

2 18 (36.0)

3 11 (22.0)

4 10 (20.0)

5 2 (4.0)
AFPT

<400 21 (42.0)

>400 29 (58.0)
Child-Pugh class

A 39 (78.0)

B 11 (22.0)
Previous treatment

TACE® or PEIT' 39 (78.0)

No treatment 11 (22.0)

*Eastern Cooperative Oncology Group, 'Cancer of the Liver
Italian Program, Talpha-fetoplrotein, Stransarterial chemoembo-
lizaion, ' percutaneous ethanol injection therapy.

was irradiated 5 days per week, 1.8~2.0 Gy once a day. The
biologically effective dose (BED) as the @ /8 ratio=10, 36~
63 Gy (median, 53) was irradiated. The primary tumor,
PVTT, normal liver tissue, kidney and spinal cord were
contoured and the radiation doses to each organ were
measured. Vsog (fraction of the non-tumorous liver treated
with more than 50% of the prescribed dose) of the normal
liver were calculated and the treatment dose was selected
according to guidelines published by the University of
Michigan or Yonsei University to prevent radiation-induced
liver disease (RILD).Zl’zz) The lower total dose was selected
between the two different guidelines. For preservation of
normal tissue, more than 33% of kidney volume did not
receive more than 18 Gy, the maximal dose to the spinal cord

was no more than 45 Gy and the dose to the small bowel and
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stomach was no more than 50 Gy.
3. Follow-up

Median follow-up period was 13.5 months (range, 3 to 70
months). During RT, physical examinations and liver function
tests were performed once a week. After the completion of
RT, CT or MRI examination was conducted 1~3 months
later. Liver function was tested and tumor marker was
followed. Complete disappearance of the primary tumor and
PVIT was defined as complete response (CR), a >50%
reduction of the longest diameter of the irradiated volume was
defined as partial response (PR), a <50% reduction of the
longest diameter or no change was defined as stable disease
(SD) and growth of the tumor was defined as progressive
disease (PD). RILD was defined as either a minimum 2-fold
increase in anicteric elevation of alkaline phosphatase and
non-malignant ascites, or a minimum 5-fold increase in
elevated transaminase levels over the upper limit of normal or
pretreatment levels in the absence of documented progressive
disease.”” Evaluation of RILD was performed until 3 months
after RT.

4. Statistical analyses

Survival statistics were calculated from day 1 of RT. The
Kaplan-Meier method was used to estimate overall survival
(OS) rates. Univariate analysis associated with survival was
performed using log-rank test to evaluate the association
between survival time and various factors. The chi-square test
and Fisher’s exact test were used to evaluate association
between tumor response and factors. And p<0.05 was consi-
dered as statistically significant. The statistical analyses were
performed with SPSS ver. 17.0 (SPSS Inc., Chicago, IL,
USA).

Results
1. Response and survival time

Of the 48 patients who received follow-up CT or MRI after
completion of RT, tumor response was observed in 26 patients
(54.2%; two CR and 24 PR), SD was observed in 15 patients
(31.2%) and PD was observed in 7 patients (14.6%). At the
time of analysis, there were 3 patients (6.0%) with alive with

no evidence of disease, 7 patients (14.0%) were alive with
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Fig. 1. Overall survival (OS) rage.

disease. Forty patients (80.0%) expired due to disease
progression. The median survival time after RT was 9 months
(range, 1 to 63 months). One-year and 2-year survival rate
was 24.9% and 11.2%, respectively (Fig. 1).

2. Prognostic factors

The relationship between survival time and various factors
are summarized in Table 2. RT alone versus CCRT was a
significant factor (p=0.034), and RT alone was predictive of a
longer survival time (median survival time 12 vs. 7 months)
(Fig. 2). Tumor response after RT was also a significant
factor (p=0.037); tumor responder (CR or PR) predicted a
longer survival time (median survival time 11 vs. 5 months)
than non-responder (SD or PD). TNM stage associated with
tumor extent was also a significant factor (p=0.041); a longer
survival time was predicted for stage III patients (n=27)
compared to stage IV patients (median survival time 11 vs. 5)
(Fig. 3). CLIP stage associated with liver function and tumor
aggressiveness was also a significant factor (p=0.017). When
CLIP stage was divided to two categories, stage 1 group and
stage 2 to 5 group, it was associated with survival time, but
was not statistically significant (p=0.086). Thirty-nine patients
received a previous treatment including TACE or percutaneous
ethanol injection therapy (PEIT). There were no differences in
survival time and tumor response between these patients and
those that did not previously received treatment (p=0.646 in
survival time, p=0.515 in tumor response). There was no
statistical significance concerning treatment related factors

such as total radiation dose or BED. There was also no
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Table 2. Univariate Analysis for Prognostic Factors

Characteristics MsS*+SE" (mo) p-value

Age
<55 8+2.876 0.476
=55 9+0.793

Gender
Male 9+0.898 0.818
Female 3

ECOG”
0 10+2.211 0.523
1 8+0.905

Underlying liver disease
Hepatitis B 9+2.173 0.347
Hepatitis C
None 9+1.080

Biologically effective dose
<53 Gy 9+0.842 0.480
>53 Gy 12+6.619

Combination therapy
Radiation therapy alone 12+2.030 0.034
CCRT' 7+1.958

Treatment response
Responder 11+1.575 0.037
Non-responder 5+2.217

TNM stage
I 11+1.625 0.041
v 5+1.125

CLIP stage !
1 11+2.981 0.017
2 9+1.164
3 9+3.869
4 3+0.387
5 10

AFP'
<400 9+0.682 0.918
>400 10+2.839

Child-Pugh class
A 9+1.188 0.459
B 9+2.905

Previous treatment
TACE** or PEIT'' 8+0.989 0.646
No treatment 10+2.255

*median survival time, Tstandard error, TEastern Cooperative
Oncology Group, ‘concurrent chemoradiation therapy, ' Cancer
of the Liver Italian Program, ‘alpha-fetoprotein, **transarterial
chemoembolizaion, Tpercutaneous ethanol injection therapy.

statistical significance concerning on age, gender, history of
previous liver disease including hepatitis B or C, level of AFP
(<400 or >400) or Child-Pugh classification.

The relationship between tumor response and various factors
such as radiation dose, combination therapy, TNM stage or
location of PVTT were also analyzed (Table 3); there were no

statistically significant factors that influenced tumor response.
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Fig. 2. Overall survival (OS) rate according to combination
modality (radiation therapy [RT] alone vs. concurrent
chemoradiation therapy [CCRT]).
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Fig. 3. Overall survival (OS) rate according to Liver Cancer
Study Group of Japan (LCSGJ) TNM staging system.

3. Complications

There was no specific laboratory findings or clinical
symptoms of RILD observed from start of RT to 3 months
after RT. There was no grade 3 or 4 gastrointestinal toxicity.
Grade 1 or 2 gastrointestinal toxicity was not evaluated

because of insufficient medical records.

Discussion and Conclusion

HCC with PVTT indicates an advanced stage that can lead
to widespread dissemination of tumors and marked

deterioration of hepatic function. No definite treatment strategy

_39_



CH

I

BIAMS = QF5tHE

S om

Xl 2011;29(1):36~43

Table 3. Prognostic Factors Affecting Treatment Response

Responder Non-responder

Characteristics (n=26) (n=22) p-value

Age
<55 13 9 0.529
>55 13 13

Gender
Male 24 19 0.649"
Female 2 3

ECOG*
0 11 6 0.278
1 15 16

Biologically effective

dose
<53 Gy 19 17 0.738
>53 Gy10 7 5

Combination therapy
Radiation therapy 9 10 0.444
alone
CCRT' 17 12

TNM stage
111 16 9 0.185
v 10 13

AFPT
<400 9 11 0.281
>400 17 11

Child-Pugh class
A 20 18 0.677
B 6 4

Portal vein thrombosis
Main trunk 9 6 0.587
First branch 13 10
Second branch 4 6

Previous treatment
TACE® or PEIT' 19 18 0.515
No treatment 7 4

*Eastern Cooperative Oncology Grou?y, T concurrent chemora-
diation therapy, Talpha-fe’coproteir'l, “transarterial chemoembo-
lizaion, Hpercutaneous ethanol injection therapy, ﬂusing Fisher’s
exact test.

exists.””” The American Association for the Study of Liver
Diseases guideline recommends sorafenib when there is portal
invasion for palliative aim. However, the recommendation is
limited because of limited safety data in Child-Pugh class B
patients and uncertainty of using dosage.”

RT in HCC with PVTT tends to improve survival about 8
~13 months.”™ Kim et al."” analyzed 70 patients with
PVTT treated using RT doses of 40 to 60 Gy (median, 48
Gy), RT was effective  (response rate, 47.1%; median
survival, 11 months) and safe. These authors also reported that
RT responders showed better survival (median survival 15 vs.
8 months, p=0.034). Consistently, the present study also

identified a survival benefit associated with RT (median

survival, 9 months). Tumor response was observed in 26
patients (54.2%), and there was also a survival difference
between responders and non-responders. However, we were
unable to identify the factors affecting RT response.

Zeng et al.” compared combination therapies with or
without external beam radiation therapy (EBRT). In their
comparison, the EBRT group was treated with TACE (n=25),
surgery (n=9) or RT alone (n=10). The non-EBRT group was
treated with TACE (n=73), surgery (n=18) or RT alone
(n=23). The combination therapy involving RT was associated
with a survival benefit (median survival 8 vs. 4 months, p
<0.0001). In our study, 39 of 50 patients received TACE or
PEIT before RT, but there were no statistical differences in
survival time and tumor response.

Systemic chemotherapy has been regarded as ineffective
because of its lack of responsiveness or high rate of toxicity.
However, HAIC confers a therapeutic benefit because of its
increased local concentration and lower systemic toxicity, even
in advanced HCC with PVTT.**® CCRT has been inves-
tigated to maximize the therapeutic effect and minimize the

9 conducted a

treatment-related complications. Han et al.
clinical trial of CCRT for HCC with PVTT, and demonstrated
substantial tumor response rate (objective response, 45%) and
survival benefit (median survival time, 13.1 months). Kata-
mura et al.”” reported that combination therapy with HAIC
and three-dimensional conformal radiotherapy improved res-
ponse rate (75% vs. 25%, p=0.012) and reduced the incidence
of portal hypertension related events such as variceal bleeding
or uncontrolled ascites. These authors also reported a higher
response rate when using combination therapy, compared with
conformal therapy alone.”””® However, in our study, the
median survival time and survival rate was better in patients
receiving RT but not chemotherapy (p=0.034). The result may
be due to patient differences, although statistical analyses did
not reveal differences between the groups. However, the
CCRT group did display poor characteristics such as PVTT
invasiveness (4 patients with main trunk invasion in the RT
alone group vs. 12 patients with main trunk invasion in the
CCRT group) or Child-Pugh classification (3 patients in class
B in RT alone group vs. 8 patients in class B in CCRT
group). On the other hand, the result may indicate that HAIC
can induce complications including hepatobiliary toxicity or

hepatic artery occlusion.”” Especially, hepatic artery occlusion
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may induce hypoxia, which can affect the efficacy of
radiation.

Zeng et al."” studied prognostic factors for patients with
HCC with PVTT who received RT. In the study, the
prognostic  factors were categorized into three groups:
tumor-related factors (7 -glutamyltransferase, AFP, tumor size,
intrahepatic metastases, lymph nodal status and distant
metastases), liver function-related factors (total bilirubin,
albumin, liver enzyme and Child-Pugh classification) and
treatment-related factors (previous treatment modalities,
radiation technique and response to radiotherapy). The authors
reported that lower albumin, higher 7 -glutamyltransferase,
AFP level, poor Child-Pugh classification, multiple hepatic
metastases and lymph nodal metastases were pretreatment
unfavorable predictors. Our study included several similar
factors, including tumor-related and liver function-related
factors. CLIP stage, which reflects both tumor extent and liver
function including Child-Pugh classification can be progno-

. 1820
stic, )

as can the TNM staging system, which includes
tumor size, vessel invasiveness and tumor numbers.”**” The
present study was retrospective in design and involved a small
sample size. Hence, most differences were not statistically
significant. Yet, staging systems including laboratory values
were statistically significant.

Several guidelines are suggested to save the normal liver
and minimize liver toxicity.Zl’zz‘“’?’z) In guideline published by
the University of Michigan, Vs is divided into three
intervals (<33%, 33~66%, >66%) and the guideline reco-
mmends a total dose irradiation of 66~72 Gy, 48~52.8 Gy
and 36 Gy, respectively.n) In guideline published by the
Yonsei University, Vsoz is divided into four intervals (<25%,
25~49%, 50~75%, >75%) and the recommended total dose
is >59.4 Gy, 45~54 Gy, 30.6~45 Gy and no treatment for
Vsox >75%." In our study, Vsoq ranged from 14.9 to 64.0%
(median, 37.0%). Total dose irradiated ranged from 30 to 54
Gy (median, 45 Gy). The Vso4 and total dose irradiated were
compatible to both of the aforementioned guidelines. Also the
patients in this study had relatively good hepatic function
considering Child-Pugh classification or CLIP staging system,
and RT was delivered in conventional fractionation size (1.8~
2.0 Gy once a day). Therefore, the result of no RILD seems
reasonable. However, this cannot be a definite conclusion,

because RILD was evaluated through retrospective methods

and because RILD criteria are less firm for patients with

icteric condition or elevated bilirubin counts, which represents

33)

combined modality-induced liver disease.”™ As well, a total

treatment dose >30 Gy was selected, so acute toxicity was
excluded in our study.

In cases of HCC with PVTT, RT is an effective and safe
modality. There were compatible results with other studies.
Further studies including prospective randomized trials are
needed to confirm the role of RT for HCC with PVTT.
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