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Summary. From April 1978 through December 1989, a
total of 17 patients with unresectable hepatocellular carci-
noma (HCC) were treated with radiation therapy alone or
radiation therapy in conjunction with percutaneous ethanol
injection (PED), transarterial infusion chemotherapy (TAI),
or transarterial embolization (TAE) at the National Medi-
cal Center Hospital. The median survival of all patients
was 13.8 months. The survival values determined at 1, 2,
and 3 years were 58.8%, 26.1%, and 9.8%, respectively.
Only the pretreatment liver function affected the survival
value. Between patients who did not have liver cirrhosis
(LC) as well as those who had LC of Child’s class A and
patients who had LC of Child’s class B or C, the differ-
ences observed in the 1-year survival value and the median
duration of survival were statistically significant (P <0.05).
The serum cholinesterase (ChE) level seemed to be a good
indicator of liver function during the radiation therapy.
A field size of 150 ¢cm? and a total dose of 5000 cGy
(TDF 82) seemed to be well tolerated by patients who did
not have LC and those who had LC of Child’s class A. The
field size determined whether patients with poor liver func-
tion such as LC of Child’s class B or C would develop
severe hepatic deterioration after undergoing radiation
therapy.

Introduction

Recently, the advent of new technologies for the diagnosis
and management of hepatocellular carcinoma (HCC) has
improved the resection rate. However, because of the
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frequent coexistence of cirrhosis with HCC and the result-
ing liver-function impairment, even early-stage tumors
frequently cannot be resected. Moreover, in many cases the
disease is so advanced that resection is not feasible. In such
cases, transarterial infusion chemotherapy (TAI), trans-
arterial embolization (TAE), or percutaneous ethanol injec-
tion (PEI) has commonly been attempted, although there is
no widely accepted standard therapy for these patients. We
thus investigated the usefulness of radiation therapy for
unresectable HCC patients and report the results and the
associated problems.

Patients and methods

Patients’ characteristics. From April 1978 throngh December 1989, a
total of 17 patients with unresectable HCC were treated with radiation
therapy alone or radiation therapy in conjunction with PEL, TAL or TAE
at the National Medical Center Hospital. The characteristics of the
patients are shown in Table 1. Eight patients had histologically con-
firmed HCC. The remaining nine patients were diagnosed on the basis of
the results of a-fetoprotein (AFP) tests and imaging procedures such as
computerized tomography (CT), ultrasonography (US), and angiography
(AG). Three subjects had previously undersone surgery and were re-
ferred for radiation therapy due to recurrent disease. The ratio of men to
women was 13:4 and the mean age was 62.6 years. In all, 12 patients
(70.6%) had coexistent liver cirrhosis and were classified according to
Child’s criteria, with 5 belonging to Child’s class A; 3, to Child’s class B;
and 4, to Child’s class C. Six patients were treated with radiation therapy
alone, eight underwent TAI and radiation therapy, two were subjected to
TAE and radiation therapy, and one was treated with PEI and radiation
therapy.

Treatment. For most of the patients, local irradiation included a generous
margin outside the main tumor. The radiation fields were set up using the
information obtained by CT, US, and AG. In some cases, arterial infusion
of lipiodol was performed for precise identification of the involved atea.
Treatment portals and photon energy were determined on the basis of the
isodose curves generated using a Therac 2300 planning computer. In all,
14 patients were treated with parallel opposed AP-PA fields and 3, with
4-field techniques. All patients were irradiated with a weekly dose of
900--1000 cGy by conventional fractionation. The total dose delivered
ranged from 2600 to 6000 cGy (mean, 4620 cGy).



Table 1. Patients’ characteristics

Characteristic

Number of patients

Patients entered

Sex (M/F):
M
F

Age (years):
Mean

17

13
4

62.6

Range 48-176

Performance status:
0-1 12
2-3

Child’s class:
A
B
C

Cirrhosis (=)

[ SRV VA

Tumor type:
Nodular 11
Massive
Diffuse

—

Treatment:
RT alone
RT + TAI
RT + TAE
RT + PEI

=N o0 N

RT, Radiation therapy

Follow-up. All patients but one died. The follow-up period for the single
living patient is currently 12 months.

Statistical analysis. Survival was calculated using the Kaplan-Meier
method, and statistical significance was tested by the generalized
Wilcoxon method, with a value of P <0.05 representing significance.

Response. The responses to treatment were defined as follows: complete
response (CR), the absence of any detectable tumor mass for more than
4 weeks; partial response (PR), a decrease of 50% or more in the product
of two perpendicular diameters of the tumor or a decrease of 30% or
more in one diameter for more than 4 weeks; no change (NC), a decrease
of less than 50% or an increase of less than 25% in the product of two
perpendicular diameters of the tumor or a decrease of less than 30% in
one diameter; and progressive disease (PD), an increase of 25% or more
in the product of two perpendicular diameters of the tumor or the appear-
ance of new lesions. )

Results

The cumulative survival curve constructed for all the
patients is shown in Fig. 1. The overall median duration of
survival was 13.8 months. The survival values determined
at 1, 2, and 3 years were 58.8%, 26.1%, and 9.8%, respec-
tively. The response data are shown in Table 2. A PR was
observed in 6 patients (35%) and NC, in 10 subjects (59%),
whereas PD was seen in 1 patient (6%). None of the
patients achieved a CR. The cumulative survival curves
plotted as a function of the initial liver function are shown
in Fig. 2. Patients with good liver function constituted
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Fig. 1. Camulative survival curve generated for all HCC cases (Kaplan-
Meier)
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Fig. 2. Cumulative survival curves plotted as a function of the initial liver
function (Kaplan-Meier)

Table 2. Responses to treatment

CR PR NC PD Totals
LC{~) 0 1{20%) 4@80%) 0 5
LC (+):
Child’sclass A 0 3 (60%) 120%) 1(20%) 5
Child’sclass B 0 1 (33%) 2(67%) O 3
Child’s classC 0 1 (25%) 3(75%) O 4
Total 0 6(35%) 10(59%) 1(6%) 17

those who did not have L.C and those who had LC of
Child’s class A. Subjects who had LC of Child’s class B or
C belonged to the group of patients with poor liver func-
tion. The respective survival values determined for these
two groups were 80% and 29% at 1 year and 34% and 14%
at 2 years. The median survival periods were 18.5 and
6.0 months, respectively, with the difference being statisti-
cally significant (P <0.05).

The relationship between the TDF and the field size in
all the patients is plotted in Fig. 3. In the 10 subjects with
good liver function, the mean total dose delivered was
5020 c¢Gy (TDF 86) and the average field size was
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Fig. 3. Relationship between TDF and field size in all the patients

120 cm2. None of these patients developed a severe
decrease (less than 60% of the pretreatment level or less
than 150 units/l) in serum cholinesterase (ChE) levels or
liver failure after the radiation therapy. Of these 10 sub-
jects, 8 survived for more than 12 months after the radia-
tion therapy; 2 patients died within 6 months, 1 due to
brain metastasis and the other due to cancer progression at
the primary site. In contrast, 6 of the 7 patients who had LC
of Child’s class B or C developed a severe decrease in
serum ChE levels after radiation therapy. In these 6 sub-
jects, the mean total dose delivered was 3870 cGy
(TDF 64) and the field size ranged from 95 to 156 cm?
(mean, 123 cm?); 5 of them died within 6 months after the
radiation therapy. In all, 2 deaths occurred within 2 months
due to progressive liver failure that was attributable to the
radiation therapy.

Case 1

A 71-year-old man was admitted to the hospital due to right
upper quadrant discomfort. He had a cirrhotic liver corre-
sponding to Child’s class A. On US and CT examinations,
a 11.5-x 11.2-cm low-density mass was identified in the
right lobe. On AG examination, the tumor showed hyper-
vascularity and the portal vein was completely obstructed
by a tumor thrombus. The tumor was confirmed to be HCC
(Edmondson grade 3) by US-guided needle biopsy. The
serum AFP level was 423 ng/ml. Radiation therapy alone
was given with AP/PA opposed fields, and the field size
was 19.0 cm < 15.5 cm. A total dose of 5400 cGy was
delivered in 27 fractions (200 cGy/day). The tumor size
decreased to 6.2 x 5.4 cm after this radiation therapy, and a
PR was obtained. The serum ChE value was 235 units/
after the radiation therapy, which was 83% of the pretreat-

ment level. The AG and US findings obtained prior to and
after radiation therapy are shown in Fig. 4. After the radia-
tion therapy, the portal vein was recanalized, and TAI was
safely performed. At present, the patient is alive at
12 months after the radiation therapy.

Case 2

A 76-year-old woman with a serum AFP level of
1,478 ng/ml was revealed by CT to have a 5.4- x3.8-cm
low-density mass in the right lobe. She was not a candidate
for surgical resection because she had LC of Child’s class
C. Radiation therapy was begun at 1 month after PEIL
A 6- x6.5-cm four-field box technique using ten MV X-
rays was used to deliver a high dose to the tumor (Fig. 5).
A total dose of 5200 cGy was delivered in 26 fractions
200 cGy/day). Although the response obtained was NC,
the serum AFP level decreased to 189 ng/ml. The serum
ChE value decreased to 97% of the initial value after radia-
tion therapy without the subsequent development of liver
failure. Hematological toxicity was minimal. The patient
lived for 16 months after the radiation therapy.

Discussion

HCC is a frequent cause of morbidity and mortality in
Japan. The availability of new technologies for diagnosis
and management has increased the rate of resection in
HCC. However, only about 25% of all cases of HCC are
resectable. Resectability depends on several factors, such
as the tumor size, the tumor site, the presence of vascular
invasion, and the coexistence of LC. In such unresectable
patients, TAL, TAE, and PEI are the main modalities com-
monly attempted.

Because HCC has traditionally been considered to be
relatively radioresistant, radiation therapy for HCC has not
been widely accepted. However, various investigators have
reported the effectiveness of radiation therapy in patients
with HCC[1,4, 5,9, 11, 13]. In the present study, a PR was
observed in 6 patients (35%), and we thus surmise that
HCC is not radioresistant when an adequate dose is
delivered.

As judged from the literature, the tolerable dose of
whole-liver irradiation in patients with otherwise normal
liver function seems to lie in the range of 3000 to 3500 cGy
[3, 6, 7, 10, 11]. Among patients with a metastatic liver
tumor who did not have LC, Barone et al. [2] found that
3000 c¢Gy (split course) was deleterious in two subjects
who were treated with whole-liver irradiation and TAIL
Volberding et al. [14] reported that two patients developed
progressive liver failure due to radiation therapy after re-
ceiving 2100 cGy of whole-liver irradiation and TAI In
patients who undergo TAI, the tolerance of whole-liver
irradiation appears to be somewhat lower. It is reasonable
to speculate that a cirrhotic liver would display a lower
level of tolerance for whole-liver irradiation, but there are
few reports concerning this point.
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Fig. 5. Dose distribution in case 2 as drawn on a CT image using a
Therac 2300 planning computer

Fig. 4A-D. AG and US findings obtained prior to and after radiation
therapy. A, C Before radiation therapy: the portal vein is completely
obstructed by a tumor thrombus (arrow). B, D After radiation therapy:
the portal vein has been recanalized

Because the cirrhotic liver’s tolerance of whole-liver
irradiation is apparently lower than its tolerance of the
tumor-sterilizing dose, we tried to irradiate only a portion
of the liver as part of a multidisciplinary treatment regimen
in the hope of increasing the tolerance and improving the
local control of HCC. Some studies have examined the
effects and problems of partial-liver irradiation.

Nagashima et al. [8] reported that partial-liver irradia-
tion delivered at a dose of 5000 ¢Gy (TDF 80) around the
tumor thrombus was effective when patients were not suit-
able candidates for other treatment modalities bacause of
the existence of a tumor thrombus. These authors observed
liver failure due to radiation therapy in one patient with LC
of Child’s class C. Takara et al. [12] studied a series of
24 patients with HCC using partial-liver irradiation with a
dose of 2700-5000 cGy as part of a multidisciplinary
treatment regimen. These investigators reported that the
l-year survival value was 58% and that the pretreatment
liver function and the field size determined whether the
patient would develop liver failure after undergoing radia-
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tion therapy. They also showed that a dose of 3000-
5000 c¢Gy was associated with improved survival. In our
series, the mean dose delivered to ten patients who sur-
vived for longer than 1 year was 4820 cGy (TDF 83.4).
A PR was achieved by 5 (50%) of these subjects. We thus
conclude that a dose of about 5000 cGy is necessary to
shrink the tumor volume and prolong survival.

It is necessary to take account of the patients’ liver
function before subjecting them to radiation therapy. As
shown in our study, a decrease in serum ChE levels after
radiation therapy tended to be associated with a poor prog-
nosis. We consider that the serum ChE level is a very good
indicator for predicting the occurrence of liver failure after
radiation therapy. Progressive liver failure was en-
countered in patients with poor pretreatment liver function,
whereas those with good initial liver function did not suc-
cumb to liver failure.

Our results demonstrate that a field size of 150 cm2 and
a dose of 5000 c¢Gy (TDF 82) were well tolerated by
patients who did not have LC and subjects who had LC of
Child’s class A. On the other hand, six of seven patients
with LC of Child’s class B or C developed a severe
decrease in serum ChE levels after undergoing radiation
therapy. As seen in case 2, a patient with LC of Child’s
class C, radiation therapy using small portals resulted in
only a mild decrease in serum ChE levels, and this patient
survived for 17 months after the radiation therapy. In
patients with poor pretreatment liver function, the field size
is a major factor contributing to the development of sub-
sequent liver failure. We surmise that a field size larger
than 100 cm? should not be recommended for patients with
LC of Child’s class B or C. Further investigation is needed
to determine the tolerable field size for patients with poor
pretreatment liver function.
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