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THREE DIMENSIONAL CONFORMAL RADIATION THERAPY TO
PORTAL VEIN THROMBOSIS AREA AS THE INITIAL TREATMENT FOR
HEPATOCELLULAR CARCINOMA WITH PORTAL VEIN THROMBOSIS:
PROGNOSTIC FACTORS AND OUTCOME FOR PATIENTS COMPLETING
RADIOTHERAPY BUT CONTRAINDICATED FOR OTHER TREATMENTS
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Background and Purpose : Hepatocellular carcinoma (HCC) with portal vein thrombo-
sis (PVT) indicated poor prognosis and is the contraindication for transcatheter hepatic
arterial embolization (TAE). Although the conventional method of external irradiation to
HCC has been proven not effective, three-dimensional conformal radiation therapy
(3D-CRT) may be an alternative choice. In this study, the prognostic factors and results
of 3D-CRT to PVT area as the initial treatment for HCC with PVT patients who could not
receive other treatments was investigated.

Materials and Methods : From September 1997 to August 1999, 42 patients who were
initially diagnosed as HCC with PVT without any previous treatment and Eastern
Cooperative Oncology Group (ECOG) performance status superior to Grade |l were
enrolled into the study. Radiation therapy (RT) was given via 3D-CRT technique to PVT
area with 50 Gy to 61.3 Gy in daily fraction of 1.8 Gy to 2.5 Gy by individual condition.
Age, sex, ECOG performance status, Child-Pugh classification, tumor location, tumor
type, invaded PVT area, radiation treatment volume, alpha-fetoprotein (AFP), upper
gastrointestinal (UGl) bleeding history, viral hepatitis markers for B and C, and pre-treat-
ment liver function, on-treatment liver function, post-treatment liver function, including
Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT) and Total Bilirubin
(Bil-T), were recorded for analysis.

Results : Twenty-four patients (57%) completed the RT course and others withdrew from
"RT due to worsened ECOG performance status. Seven complete RT patients were lost
to follow-up. Nine of 17 followed patients (53%) had positive response to RT. Seven
patients (41%) underwent further TAE after RT. In the patients who could complete RT,
overall survival for 3 months and 6 months were 63% and 34%. Survival rate for incom-
plete RT patients was 24% and 8% for 3 months and 6 months respectively. There was
statistically significant difference (p = 0.022) in survival between patients who completed
RT and their counterpart. There were no significant difference in pre-treatment,
on-treatment and post-treatment AST, ALT and Bil-T level. Only 6 patients (35%) were
reported to have suspicious gastric complications. Bil-T was the only significant factor for
predicting whether RT could be completed or not (p = 0.028).
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Conclusions : Less than half of the patients completed the planned RT and were ade-

quately followed, indicating the poor prognosis and selection of patients in this study:-

Further prospective control studies with appropriate patient enrollment, such as low

bilirubin level, is required to verify the feasibility, patterns of failure, and the possible
benefit of 3D-CRT as the initial treatment of HCC with PVT.

[Therapeut Radiol Oncol 2001; 8(1): 1-14]
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INTRODUCTION

Hepatocellular carcinoma (HCC) is: one of
the most common human malignancies and is
also one of the most ominous cancers [5].
Published census from the Department of
Health in Taiwan, 2000, showed that cancer
death was 142.23/100,000 population.
Hepatoma was the number two cause of cancer
death with 27.05/100,000 population [28].
Surgical resection was the treatment of choice
for HCC patients. For the majority of patients
(approximately > 80%), non-surgical treatment
was the only alternative [2]. Non-surgical treat-
ment modalities, such as percutaneous ethanol
injection therapy (PEIT) and transcatheter
hepatic arterial embolization (TAE), had been
reported to be as effective as hepatectomy for
small solitary HCC, with less risk and expense
[27]. The most efficacious non-surgical treat-
ment options were TAE and transcatheter arteri-
al chemoembolization (TACE). Systemic
chemotherapy and hepatic intra-arterial
chemotherapy were not very effective [16].
However, TAE is not indicated for patients with
thrombosed main portal veins [26]. Its therapeu-
tic effect is also doubtful when the tumor is
infiltrative or hypovascular [15].

Radiation therapy (RT) has been applied
extensively in treating malignancies, especially
for local control of cancer. The conventional
method of external irradiation to HCC has been

proven not effective [10]. But nowadays, a new
elegant technique called three-dimensional con-
formal radiation therapy (3D-CRT) has been
available since 1990s. The treatment can be tai-
lored to minimize the beam scatter and deliver
the maximum therapeutic dose to tumors [12].
There were reports about 3D-CRT to HCC [4,
7]. They used 3D-CRT to whole tumor area and
favorable results were noted. But the critical ill-
ness of these patients was not the HCC itself;
Portal vein thrombosis (PVT) was a poor prog-
nostic factor [13]. RT targeted on only PVT site
with TAE had also been tried [25]. For patients
who were initially diagnosed as HCC with PVT
and were not candidates for TAE, this could not
be practical. Therefore, these patients might be
attempted to treat PVT site first. The goal was
to make possible for further treatments, such as
TAE, PEIT, etc. In this retrospective study,
effect of 3D-CRT to PVT area as the initial
treatment for HCC with PVT, especially for
patients who were not candidates of other treat-
ments but were able to complete RT courses,
was investigated and presented.

MATERIALS AND METHODS

Patient population

Forty-two patients who were initially diag-
nosed as HCC with PVT without extrahepatic
metastasis and didn't receive any previous treat-
ment were enrolled in our study. The patients
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were selected from the referrals between
September 1997 and August 1999 in.our depart-
ment. The diagnosis was made by either liver
biopsy or aspiration cytology. In cases whose
pathologic report had not been available, it was
diagnosed by clinical presentations, image stud-
ies and alpha-fetoprotein of more than 500
ng/ml [19, 21]. PVT was revealed by liver
sonography or computed tomography (CT) and
further TAE or PEIT treatment was impossible
by radiologist's opinion. Referred patients were
evaluated by radiation oncologist and Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status [18] was estimated. The patients
with ECOG performance status less than or
equal to Grade II, that were the patients at least
ambulatory and able to self-care, were planned
to have the treatment. The patient's characteris-
tics were listed in Table 1.

Radiation therapy planning

The patients were immobilized'in a supine
position by a thermoplastic abdomen cast and
computerized treatment planning system
(Pinnacle, ADAC Laboratory, U.S.A.) was
used. Liver CT of each patient was performed to
obtain patient contours and to define target vol-
ume. The liver CT films were read and the
anatomical PVT sites were recognized by the
diagnostic radiologist as gross tumor volume
(GTV). The clinical target volume (CTV) was
then defined consulting with GTV by the radia-
tion oncologist (Fig. 1). It was considered to
include possible thrombosed portal vein basin
and its branches. Once CTV was defined, the
planning target volume (PTV) was established
by adding margins reflecting estimates of set-up
error and respiratory motion for the individual
patient (judged by fluoroscopy at the time of
simulation). PTV typically extended 10-20 mm
horizontally and 15-25 mm vertically beyond
CTV and was documented. In our study, the
PTV was from 56 cm® to 298 cm® with mean
and median equal to 160 cm® and 152cm?,

Table 1. Characteristics of the patients

No. of the patients
(Total patients n=42)

Gender
Male 39 (93%)
Female 3 (7%)
Age (years)
Mean 53.3
Median 56 range 32-75
Hepatitis Marker#
HBsAg(+) 31 (74%)
Anti-HCV Ab(+) 8 (19%)
Negative for 6 (14%)
HBsAg &
Anti-HCV Ab
Tumor Location
R’t Lobe 26 (62%)
L't Lobe 6 (14%)
Both Lobes 10 (24%)
Tumor Type
Solitary (<Scm) 2 (5%)
Huge (>5cm) 20 (48%)
Multiple 9 (21%)
Infiltrative 11 (26%)
Invaded PVT Area#
R’tPVT 34 (81%)
LtPVT 15 (36%)
Main PVT 29 (69%)
High AFP 13 (31%)
Liver Function
AST*
Mean 3.9
Median 4 (Range 1-10)
ALT*

Mean 2.3
Median 2 (Range 1-10)
Bil-T (Grade)
Grade I 34 (81%)
Grade II 4  (10%)
Grade III 4  (10%)
ECOG Performance Status

Grade 0 11 (26%)

Grade 1 19 (45%)

Grade 2 12 (29%)
Child-Pugh Classification

Class A 25 (60%)

Class B 17 (40%)

Class C 0 (0%)
Pathologic proof 11 (26%)

#Hepatitis marker and Portal vein thrombosis area
were shown on episode number.

*Level of AST and ALT were the fold number of
upper normal limit value of AST and ALT.
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contour is portal vein thrombosis area defined by radiation oncologist as CTV for treatment planning.
The circle with cross line is the radiation field isocenter.

Figure 2. This was an example of isodose curves for treatment planning. The color wash area is CTV defined
by radiation oncologist. The line just outside the color wash area is the contour of PTV with consider-
ing of set-up error and respiratory motion for the individual patient. The other lines showed the iso-
dose curve. Then the radiation dose of critical organs (ex. spinal cord, stomach, kidney..etc) can be

evaluated.

respectively. Once three-dimensional radiation
planning was completed, isodose curve and
dose-volume histogram (DVH) of organs of
interest were generated and plotted [12] (Fig. 2).
Field shapes and beam angles were designed to
maximize tumor dose while satisfied dose con-
straints to normal structures, such as normal
liver for 30 Gy, kidney for 23 Gy, and spinal
cord for 47 Gy [6]. Typically, two to four copla-
nar beams were used in these patients. The

treatment parameters were verified and re-simu-
lated before radiation dose was delivered.

Treatment delivery

Patients were treated on a high-energy lin-
ear accelerator (10 MV or 15MV x-ray). In
order to achieve local control benefit, 55 Gy in
22 fractions was prescribed (2.5 Gy per fraction,
1 fraction a day, 5 or 6 days per week) initially
[1]. During RT. courses, patients were examined
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weekly by the oncologist to evaluate treatment
response and toxicity. Serologic markers for
liver functions, Aspartate Aminotransferase
(AST), Alanine Aminotransferase (ALT), and
Total Bilirubin (Bil-T) were routinely checked
before RT, on the third week of irradiation, one
month after RT was completed and on subse-
quent follow-up clinic.

Data Collection

The medical charts of the patients were
reviewed. Ages of patients were divided into
two groups by 55 years old as age factor. Child-
Pugh classification was determined individually
[23]. Hepatitis markers for B (HBsAg) and C
(Anti-HCV Ab) were also recorded. Tumor
location, tumor type and PVT site were docu-
mented by liver sonography and abdomen CT.
The tumor location was grouped into right lobe
alone, left lobe alone and both lobes. The tumor
type was classified into solitary (greatest diame-
ter = 5 cm), huge (greatest diameter > 5 cm),
multiple (more than three separate tumors) and
infiltrative (diffuse and diameter not measur-
able). The tumor thrombosis sites were recorded
by the area of invasion, which were right portal
vein, left portal vein and main portal ivein indi-
vidually. PTV was divided into two siies, which
were treatment volume larger than or equal to
150 cm® and smaller than 150 cm®. Pre-treat-
ment AFP was reviewed and high AFP indica-
ted that the pre-treatment AFP was higher than
- 10,000 ng/ml [17]. Liver function values of
AST and ALT were transformed into fold num-
ber of upper normal limit (AST 40 U/L, ALT 37
U/L in our hospital). Bil-T was classified as
three grades: Grade I indicated Bil-T level was
below 4 mg/dL, Grade II was equal to or greater
than 4 mg/dL but below 8 mg/dL, and Grade III
was equal to or above 8 mg/dL.

Medical history of upper gastrointestinal

(UGI) bleeding was also reviewed. If the patient

had not had any history of UGI bleeding and no
previous UGI panendoscope examination, the

patient was taken as negative UGI bleeding his-
tory. On following the patients after RT, if there
had been still no UGI bleeding sign and no nec-
essary UGI panendoscope done, the patient was
recorded as no UGI complication for RT and
otherwise the patient was recorded as positive
suspicious UGI complication. Positive UGI
bleeding history was determined as previous
UGI bleeding symptoms recorded in chart or
UGI panendoscope with positive finding before
RT. After RT was completed, if there had been
new finding by UGI panendoscope including
gastritis or ulcer (varices were excluded), posi-
tive suspicious UGI complication was recorded
and otherwise there was no UGI complication
for RT. "

After RT courses were completed, patients
were followed monthly. The treatment response
was classified into two categories, which were
positive response and poor response. Positive
response was defined as regressive change of
the PVT, such as refilled contrast in portal vein
trunk or diminished PVT sites, documented on
the subsequent CT, or Doppler signal of portal
vein blood flow found by abdomen sonography
in previous thrombosis area, or further TAE
could be able to proceed after interventional
radiologist's evaluation. Otherwise, the patients
were categorized as poor response.

Patients were followed until 30™ April
2001. Survival rate was calculated from the date
that the patient was referred to death or last fol-
low-up date. If patients lost follow-up in our
hospital and post radiotherapy image study had
not been available, they were followed by tele-
phones or letters.

Statistics

Factors predicting the completion of RT or
not were tested by chi-square test and logistic
regression method. Survival of the patients was
calculated by Kaplan-Meier method and the dif-
ference was compared by Log-rank test. Non-
parametric Friedman test was used for pre-treat-
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ment, on-treatment and post-treatment liver
function. We take p-value smaller than 0.05 as
statistically significant.

RESULTS

Treatment outcomes

Twenty-four patients (57%) completed the
planned radiation therapy course. The radiation
doses were delivered as planned except in 4
patients. Two patients stopped treatment at
50Gy for worsened ECOG performance status
(>Grade II). The other 2 patients were treated
with 56Gy and 61.3Gy, with modified fraction
sizes, 2Gy and 1.8Gy respectively, because of
worsened liver functions. Among the patients
who completed RT, 7 patients were lost follow-
up due to the visit to other hospitals or the
search for traditional herbal drug therapy. These
patients were excluded for statistic analysis
except survival due to unclear post RT status.
There were 9 of the 17 followed patients (53%)
who had positive response. Among these 9
patients, 7 patients (41%) had further TAE treat-
ment performed after RT. Furthermore, there
were 3 patients who had subsequent RT later,
two for new invasion of portal vein site, one for
metastatic mass at abdomen wall. Eight (47%)
of the followed patients were determined as
poor response and had no regressive change on
PVT area objectively.

Eighteen patients (43%) did not complete
RT because of progressively worse general con-
dition with ECOG performance status more
than Grade II, which made RT setup impossible.

There were 6 patients who did not even start RT
for the same reason. On the others, the treat-
ment doses were from 2.5Gy to 47.5Gy. Most
patients stopped RT at the dose below 22.5Gy
except in 2 patients. One had treatment stopped
at 37.5Gy and the other at 47.5Gy, respectively .
The treatment outcomes were summarized in
Table 2.

Twelve of 18 incomplete RT patients
(67%) died of hepatic failure, including 4 (22%)
with varices bleeding and 2 patients (11%) with
hepatoma rupture. All of these patients passed
away in 2 weeks after RT discontinued. In 24
patients who could complete RT, 2 patients
(8%) were still alive until the end of our study.
Both of them accepted subsequent TAE and live
with stable diseases. One had abdominal wall
metastasis and electron beam irradiation was
performed so that well local control was
obtained until our study was completed. There
were four patients (17%) who expired at home
and the actual causes of death was not available.
Ten patients (42%) had hepatic failure finally,
including 4 patients (17%) dying of varices
bleeding and 4 (17%) patients of hepatoma rup-
ture. Due to poor prognosis of patients enrolled
in this study, further studies of patterns of fail-
ure were not available by the health insurance
policy.

Predicting factors for complete RT

Main portal vein or multiple portal trunks
versus single branch of portal vein invasion, and
complete RT versus incomplete RT were tested
by Chi-square first and it was not statistically

Table 2. Results of RT to PVT site for HCC with PVT patients

No. of the patients

(Total patients N=42)

Complete RT 24 (57%)

Follow-up patients (n=17)

Positive response for RT
Subsequent TAE performed
Poor response for RT

9 (52%)
7 (41%)
8 (47%)

Incomplete RT 18 (43%)
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significant (p=0.200). Furthermore, factors that
predicted patients who did or did not complete
RT by included age, sex, ECOG performance
status, Child-Pugh Classification, tumor loca-
tion, tumor type, invaded PVT site, number of

portal vein invasions, hepatitis marker, history
of UGI bleeding, fold number of upper limit
value for normal AST and ALT, the Grades of
Bil-T and PTV of 3D-CRT (Table 3). Only Bil-
T was the independent factor for predicting

Table 3. The factors tested for predicting patients who completed RT or Not

Frequency No. of patients with Significant

RT completion

Unordered Categorical Variables

Gender Male
Female

Tumor Location R’tlobe
R’t lobe
Both lobes

Invaded PVT Site R’tPVT
R’tPVT
Main PVT

Hepatitis Marker HBsAg(+)
Anti-HCV Ab(+)

Ordered Variables

Age (Z 55 ylo)
(<55 ylo)

ECOG Performance Status Grade 0
Grade I
Grade I1

Child-Pugh Classification A
B

Tumor Type Solitary (< 5 cm)
Huge(> Scm)
Multiple
Infiltrative

Number of PVT Site 1
2
3

PTV (Treatment Volume) =150 cm?
<150 cm®

AFP High

UGI bleeding History Positive

AST Level* =1
>1,=
>3, =5
>5

ALT Level* =1
>1,=3
>3, =5
>5

Bil-T Grades Grade I
Grade IT
Grade III

39 21 p=0.120
3 3
26 14 p=0.367
6 5 p=0.582
10 5 p=0.161
34 18 p=0.257
15 10 p=0.353
29 18 p=0.335
31 - 16 p=0.224
8 6 p=0.257
22 13 p=0.789
20 on
11 9 p=0.132
19 9
12 6
25 17 p=0.085
17 7
2 1 p=0.407
20 10
9 6
11 7
15 7 p=0.548
18 12
9 5
22 12 p=0.721
20 12
13 5 p=0.101
11 7 p=0.612
5 4 p=0.243
15 10
15 6
7 4
12 9 p=0.821
23 11
5 2
2 2
34 21 p=0.028
4 2
4 1

*Level of AST and ALT were the fold number of upper normal limit value of AST and ALT.
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patients who completed RT or not (p=0.028).
Twenty-one of 35 patients (60%) of the Grade 1
Bil-T and 2 of 4 patients (50%) of Grade II
completed the RT course. There was only 1 of 4
patients (25%) of Grade III going through the
treatment.

Survival Rates

The overall survival rates for all patients
enrolled in our study were 38% at 3 months and
21% at 6 months. The median survival intervals
were 65 days. In 2 patients who completed RT
course, overall survival rates at 3 months and 6
months were 63% and 34%. The median sur-
vival intervals were 113 days. The survival rates
for incomplete RT patients were 24% and 8% at
3 months -and 6 months, respectively, with a
median of 37 days. The survival difference was
statistically significantly different between com-
plete and incomplete RT patients (p=0.022) but
not different in various Child-Pugh classifica-
tions (p=0.080). The survival curves were
shown in Fig. 3.

Complications

There were 17 patients who completed RT
and were regularly followed for analysis of their
pre-treatment, on-treatment and post-treatment
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Figure 3. The survival curves were compared
between all referred patients, including
those who completed RT or not.

liver functions. There was no statistically signif-
icant difference in pre-treatment, on-treatment,
and post treatment levels on AST, ALT and Bil-
T level. Six patients (35%) had more than dou-
ble AST level increase after RT started. No
patients (0%) had more than double increase in
ALT level as compared to that before RT. Six
patients (35%) had worse Bil-T grade after irra-
diation. The distributions of liver function para-
meters were showed in Fig. 4. Besides, 6
patients (35%) had suspicious UGI complica-
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tions but only one of them died of UGI bleed-
ing. The patients who had elevated ALT level,
worse Bil-T grade or UGI bleeding were not in
the same group, though they had the same
episode number. '

DISCUSSION

PVT is frequently seen in patients with
HCC [20]. Chen et al reported that the incidence
of portal vein invasion in HCC was 60% in
Taiwan and the presence of portal vein invasion
was associated with a grave prognosis [3]. Intra-
arterial (IA) chemotherapy, TAE, and surgery
were tried for PVT patients by Kanno et al and
Kumada et al [8, 9]. But the results have not
been satisfactory. However, Lai et al claimed
that the conventional method of external irradia-
tion to HCC was not effective [10]. Kumada et
al suggested that conformal high dose external
beam radiation therapy (EBRT) (48-72.6 Gy)
could be used for intra-hepatic cancers to poten-
tially increase local control and survival over
what would be expected with lower dose EBRT
[9]. Cheng et al reported 58% response rate in
treating of HCC with 3D-CRT [4]. For PVT,
one third of the patients with objective response
to 3D-CRT and combined TAE was noted by
Yamada et al [25]. In this study, for patients
who could not undergo TAE, we used 3D-CRT
technique to treat only PVT site and increased
the effective dose up to 55Gy. The intention was
to dredge portal veins, and made subsequent
treatment feasible. Patients who completed RT
treatment course had 53% positive response
rate. Furthermore, 41% of patients with com-
plete RT received further treatment for their dis-
eases. RT with conformal technique to only
PVT area provided an alternative way to resolve
the contraindication of traditional TAE for
patients with HCC and PVT in 7 of 42 patients
in this study.

Pirisi et al. reported an autopsy study and
the survivals of patients with HCC and PVT

were about 60% and 40% for 3 month and 6
month, respectively. The median survival inter-
val was 129 days [22]. Yen et al. also revealed
significant difference in survival between TAE
and non-TAE groups for patients with HCC and
PVT. The 6-month, 1-year and 2-year survival
rates were 91.4% versus 62.3%, 51.4% versus
26.2% and 17.1% versus 4.9%. The median sur-
vival intervals of TAE and non-TAE groups
were 10.3 and 3.7 months, respectively [26].
There was difference in survival between that in
our study and in these reports. Patients enrolled
in our study failed to undergo any conventional
treatment. Basically, these patients not only had
advanced HCC with PVT but were also deemed
contraindicated for current treatment modalities.
Therefore, the patients’ basis of our study was
poorer than those in the others. According to
American Joint Committee for Cancer (AJCC)
Staging system or Okuda staging for hepatoma,
our patients were all in terminal stage, that were
stage III and stage IV. However, 6-month sur-
vival rate of the patients in our study who com-
pleted RT was 34% and the counterpart was 8%,
with 113 and 37 days of median survival inter-
vals, respectively. There was statistically signif-
icant difference between these two groups.
Classically, Child-Pugh classification was
used as the symbol of liver functions, but
patients in our study were selected only by per-
formance status. It was because the patients
needed to be treated daily and cooperate to set
up. At the same time, the selection by ECOG
performance status limited the Child-Pugh clas-
sification of our patients in A and B. In the
results of this study, whether the patients who
got through with RT course or not appeared to
be an important factor for survival. The patients
who completed RT may indicate better general
conditton at the time when they were referred.
But it seemed that Child-Pugh classification
was not significantly associated with survival.
This might be because Child-Pugh classification
of patients in this study was only classified in 2
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grades and limited the interpretation ability of
liver functions. Therefore, more variables
should be examined although it might reduce
the significance of statistic. We tested main por-
tal vein or multiple portal trunks versus single
branch of portal vein invasion, and it was not
statistically significantly difference. It was
attributed to the basis of liver circulation. Main
portal vein or multiple portal trunks thrombosis
may deprive the greater part of portal flow that
made the condition lethal, but it appeared not as
critical as we thought. Bil-T was the only inde-
pendent factor for predicting RT completion or
not. In other words, the anatomy and the charac-
teristics of the tumor itself may not influence
the outcome. AFP is a tumor marker for HCC
and indicates the normal or abnormal liver cell
regeneration. It still did not affect the treatment
results in this study. AST, ALT and Bil-T are the
similar items for exact liver functions. AST and
ALT are stored in liver cell and increase in
serum level when liver cells are damaged. They
cannot actually reflect the quantity of liver func-
tions. Bil-T can show the ability of liver meta-
bolism and excretion. So, Bil-T may be the rea-
sonable item for evaluating the general liver
condition and can be a useful factor for predict-
ing patients who could tolerate RT course or
not. In our results, higher Bil-T level was the
poor prognostic factor for patients with HCC
and PVT who were referred for RT.

Leung et al published a case report of con-
formal RT for a patient with HCC and PVT
[14]. A 43-year-old male patient was diagnosed
as HCC with PVT and arterioportal shunts. 3D-
CRT with high focal dose was given to the left
portal venous area. Shrinkage of the tumor and
thrombus, disappearance of the arterioportal
shunts and restoration of the hepatopedal flow
of the portal vein were noted 3 months after
treatment. The patient received further TAE and
achieved successful tumor control. No serious
complications were encountered. The effect of
RT in treatment of PVT in HCC was also evalu-

ated by Gunderson et al [7]. There were ten
patients who had only unilateral portal vein
involvement and the PVT area was irradiated
with a dose of 30-50Gy using a linear accelera-
tor under localization by real-time ultrasound.
All ten patients responded to the external irradi-
ation, with complete disappearance of the portal
vein invasion in 5, and partial shrinkage in the
other 5 patients. However, the HCC extended to
the contralateral portal vein in 2 patients,
though the irradiated lesion had shrunk. Six
patients died after 3, 6, 7, 7, 8, and 10 months,
respectively, due to the advanced HCC, rupture,
liver failure, and respiratory failure. The others
survived for longer than 6 months and remained
follow-up when the study was completed. No
post irradiation hepatitis or other complication
was observed. In our study, the liver functions,
which were taken as AST, ALT and Bil-T, were
evaluated before RT, on 3rd week of RT and one
month after RT. All of them had no statistically
significant difference. The radiation-induced
liver disease may develop in 4 month after RT
[11]. But we had only 1-month follow-up inter-
val after RT because of short survival. There
were less than half of patients survived at 4
months after RT, and most of them died of liver
failure. It could not be differentiated well
between tlie natures of radiation hepatitis and
natural disease course in our patients. So we just
took 1-month interval after RT to count for post
RT status. Child-Pugh classification was not
included for complication analysis for the same
limitation of this study. Besides, suspicious
complication of stomach was about 35% with
new panendoscope finding, but fortunately, only
one patient with suspicious gastric complication
died of UGI bleeding. There were just few com-
plications about liver functions and stomach for
patients treated by 3D-CRT to PVT site in this
study. Three-dimensional radiotherapy tech-
nique to limited field not only increases the
dose in order to promote local control, but may"
also reduce the complications. Conformal radia-
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tion therapy indeed extends the accuracy and
safety of RT especially in the small area.
However, the follow-up interval in this study
was too short to accurately evaluated the long-
term side effects of RT.

There were two reported studies with com-
bination of TAE and RT as treatment for
patients with HCC and PVT. Yamada et al
reported a pilot study of local RT to PVT in
Japanese HCC patients [25]. Eight patients with
unresectable HCC accompanied by PVT were
enrolled into the study from February 1998 to
December 1999. TAE was performed first and
RT started 10-14 days following TAE. A total
delivered dose of 60 Gy was given in a daily 2-
Gy fraction, with the clinical target volume
defined as PVT area only. An objective
response was observed in 3 of the 8 patients.
However, on follow-up angiograms the protru-
sion of PVT into the main portal trunk
decreased in all cases. Deterioration of liver
function was observed in all patients with 30%
of normal liver tissue volume received more
than 40% doses by DVH. There was another
study of RT in combination with TAE for
patients with HCC and extensive portal vein
involvement by Tazawa [24]. The combined
therapy was performed in 24 HCC patients with
extensive PVT. External radiation targeting on
PVT (50 Gy in 2-Gy fraction) was performed in
combination with repetitive TAE for intralobar
lesions every 3 months. The local response of
PVT included complete response (CR) in 4
patients, partial response (PR) in 8 patients, no
change (NC) in 8 patients, and progressive dis-
ease (PD) in 4 patients. The survival rates after
1 and 2 years were 73% and 21% in Child's A,
10% and 0% in Child B or C, and 61% and 21%
in patients with the local response of CR or PR,
and 19% and 9% in those with the local
response of NC or PD, respectively. Child's
classification was the only factor associated
with the local response. As compared to the
results in our study, the survival of the patients

who completed RT was about 34% at 6 months,
and the Bil-T was the only factor to predict
patients who could complete RT or not. Bil-T
was also a component of Child's criteria of the
liver functions. The role of TAE was to treat the
primary tumor but TAE was not effective for
thrombus in portal vein. RT may be powerful in
HCC but it can also destroy the normal cells and
cause complications. Under these natural char-
acteristics of the treatments, the use of com-
bined modalities may be a better way to offset
the weakness of the other. However, there are
still selected patients with PVT initially con-
traindicated for TAE. It is our hope that 3D-
CRT to PVT site may offer the further chance

for the well selected patients to reverse the con-

traindication of TAE.

CONCLUSION

In our study, we used 3D-CRT in patients
with HCC and PVT who were not candidates
for other treatments. We found Bil-T was the
only statistically significant factor for complete
RT. This could help radiation oncologist to
select potential patients for further treatment.
Prospective controlled studies and more precise
post treatment follow-up protocols will be need-
ed to investigate the feasibility, patterns of fai-
lure, and the true treatment effect of this new
technique.
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