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Combined Treatment of Radiotherapy and
Hyperthermia for Unresectable
Hepatocellular Carcinoma

Jinsil Seong', Hyung Sik Lee', Kwang Hyub Han’
Chae Yoon Chon? Chang Ok Suh' and Gwi Eon Kim!

Eighty-four patients with unresectable primary hepatocellular carcinoma due -either to locally
advanced lesion or to association with liver cirrhosis were treated with combined radiotherapy and
hyperthermia from April 1988 to January 1991. Purpose of this study was to assess thermometry,
response rate,.toxicity, and survival in those patients.

External radiotherapy was given with a total of 306 Gy/3.5wks. Hyperthermia was given twice a
week with a total of 6 treatment sessions using an 8 MHz radiofrequency capacitive type heating
machine. Each hyperthermia session was started within 30 min following radiotherapy and contin-
ued for 30~60 min. Thermal data were analysed with maximum, minimum, and average tempera-
tures of the tumors. Thermal mapping was also done. In thermometry results, maximum, mini-
mum, and average temperatures of the tumors were 41.9+13C, 39.9+£10C, and 408+09T,
respectively. The fraction over 40°C was 73+32% with a wide variation from 15% to 100%. Among
67 assessable patients, 27 patients showed tumor regression of more than 50% of the original tumor
volume (40.3% response rate). Symptomatic improvement was observed in 786% of the patients.
Acute toxicities during the treatment were mostly acceptable local pain (51.2%) and local fat necrosis
(13.1%). The actuarial 1-year, 2-vear, and 3-vear survival rates were 44.8%, 197%, and 156%,
respectively. Median survival was 6 months.

In view of accettable toxicities and the currvent rate of survival, further evaluation of combined
treatment of radiotherapy and hyberthermia for unresectable hepatocellular carcinoma is warranted.
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Primary hepatocellular carcinoma (HCC) is
a major malignant disease in parts of Africa
and the Orient including Korea (Kew and
Gedds, 1982; Kim et o/ 1984; Li and Shiang,
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1980). Surgical resection, while providing the
best hope of the cure, is severely limited by
the extent of the disease and the high inci- -
dence of concurrent hepatic parenchymal dis-
ease such as liver cirrhosis (Mori, 1967).
Although various therapeutic efforts have
been recently made for the treatment of
unresectable HCC, its prognosis is still dismal.
Radiotherapy (RT) has been of only modest
benefit in the treatment of HCC. This is
chiefly because the tolerance dose to the
whole liver for radiation is generally accepted
to be approximately 3500 cGy (Ingold et al
1965; Wharton et al. 1973). Due to this
restriction on the dose of radiation that can
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be safely administered, there has been little
enthusiasm for radiation as a sole modality in
the treatment of HCC.

Therapeutic efficacy of hyperthermia (HT)
as an adjuvant to RT has been well defined
through numerous clinical trials over the past
decade (Abe et al. 1986; Lee et al. 1989; Loh et
al. 1988, 1989; Song et al. 1986). The rationale
of combined treatment of RT and HT is that
heat interacts synergistically with ionizing ra-
diation (Bichel et al. 1979; Dewey et al. 1977).
The experiences at the University of Minne-
sota (Lee et al. 1989), Yonsei University (Loh
et al. 1988), and Japanese multi-institutional
study (Abe et al. 1986) indicate that capacitive
type heating with radiofrequency (RF) is use-
ful in treating deep-seated human tumors.
However, its effect in HCC has not been fully
documented.

We report here the results of combined
treatment of RT and HT for locally advanced
HCC with an analysis of the thermal data,
toxicity, tumor response, and survival.

MATERIALS AND METHODS

From April 1988 until January 1991, 84 pa-
tients with unresectable HCC due to advanced
lesion and/or associated cirrhosis, were en-
tered into the present study. Patients. were
considered eligible for the entry provided the
following criteria were met: Diagnosis of HCC
established by needle aspiration biopsy or ele-
vated aipha fetoprotein (AFP) more than 400
IU/ml with CT scan finding compatible with
HCC, locally advanced, unresectable tumor
without evidence of distant metastasis, per-
formance status of ECOG scale 0~2, and
absence of either cardiac pacemaker or metal
prosthesis.

As shown in Table 1, liver cirrhosis was as-
sociated in 63% of the patients. Liver function
was good in 60% of the patients according to
Child’s classification®*. The mean diameter of

*Child's A: bilirubin <2mg/dL, albumin >35g/dL,
no ascites, Child’s B: bilirubin 2~3mg/dL, albumin
3~35g/dL, easily controlled ascites, minimal neuro-
logic symptom, Child’s C: bilirubin >3 mg/dL, albu-
min <3g/dL, uncontrolled ascites, obvious neurolog-
ic symptom.
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Table 1. Characteristics of patients (April 1988-

January 1991, 84 pts)
No. of Patients
(%)
Sex: male 71(84.5)
female 13(155)
Age: <50 28(33.3)
=50 56(66.7)
Performance: ECOG 0~1 74(88.1)
ECOG 2 10(11.9)
Liver cirrhosis: - 31(36.9)
+ 53(63.1)
Liver function status: A 51(60.7)
(Child’s class) B . 28(33.3)
C 5( 6.0)
Tumor size: 5~10cm 30(35.7)
{mean diameter) >10cm 54(64.3)
Tumor type: single massive 40(47.6)
multinodular 27(32.1)
diffuse infiltrative . 17(20.3)
AFP(IU/ml)x <400 40(47.6)

2400 44(52.4)

the tumors was more than 5cm in all patients
and it was more than 10cm in 64% of the pa-
tients. In cases of multiple lesions, the mean
diameters of each lesion were added. Tumor
types were classified according to the radio-
logic finding; single massive, multinodular, and
diffuse infiltrative types were found in 40, 27,
and 17 patients respectively.

Radiotherpy was given 1.8 Gy per day, five
times a week using 10MV or 4 MV linear ac-
celerator with a total tumor dose of 30.6 Gy
in 35 weeks. RT fields included tumors with
a generous margin (1.5~2cm) and the mean
field size was 220cm’ Whole liver irradiation
was always avoided. Mostly parallel opposing
portals were used and three portal combina-
tion or oblique fields (right anterior oblique &
left posterior oblique) were used in some occa-
sions. Hyperthermia using the RF capacitive
heating machine, Thermotron RF-8**, was
given twice a week with each session 3 days
apart for a total of 6 sessions. Each HT ses-
sion was started within 30 minutes following

**Yamamoto Vinyter Co., Japan
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RT. When the thermometry was possible,
each HT was planned to maintain the temper-
ature of more than 40°C for 30 minutes. In
such cases the power of the machine was
shown to be in between 600 watt and 800
watt. The same power was applied to the pa-
tients in whom the thermometry was not pos-
sible. To prevent overheating of the skin sur-
face, the temperature of the saline bolus be-
tween the electrodes and the skin was main-
tained at 5~10°C.

For the temperature measurement, a 10cm-
long, 19 G angiocatheter was inserted into the
tumor mass as deep as possible under the ul-
trasound guide and a thermocouple** was
placed within the needle lumen. At least 3
points of intratumoral temperatures were
measured. From 20 minutes after the start of
heating, maximum (Tmax), minimum (Tmin),
and average (Tave) temperatures of the
tumor were continuously measured and de-
fined as thermal parameters during the steady
state. At the end of the treatment, thermal
mapping was attempted by pulling the ther-
mocouple 1cm by 1cm through the thermom-
etry tract. The fraction of thermal mapping
temperatures over 40°C [F(40°C)] was mea-
sured in this way. Thermometry was attempt-
ed for all patients but was not performed in
50 patients due to patients’ refusal (32 pa-
tients) or bleeding tendency (I8 patients). In
another 18 patients thermometry failed even
after the insertion of the angiocatheter due to
obstruction of the catheter lumen with blood
clots (9 patients), misplacement of the angio-
catheter (4 patients), severe pain (3 patients),
or profuse bleeding from the needle puncture
site (2 patients). So thermometry was success-
ful in 16 patients.

Complete blood count (CBC) and liver func-
tion test (LFT) were monitored weekly during
the treatment period (about 4 weeks) and
monthly after the treatment.

Tumor response was evaluated by the
change in tumor size measured in CT scan |
~3 months after the treatment: complete dis-
appearance of the tumor was considered as a
complete response (CR), decrease of more

***Sensortek Inc., Type IT-18, New Jersey
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than 50% of the tumor volume as a partial
response (PR), decrease less than 50% of
tumor or progression as no response (NR).

All patients were followed until the time of
reporting: the minimum follow up period was
10 months and the median follow-up time was
35 years. Survival was calculated from the
first day of the treatment.

RESULT

Thermal distribution of the tumors

As shown in Table 2, thermal data from 16
patients were analysed. Tmax showed a varia-
tion with a mean of 41.9°C and Tmin also var-
ied with a mean of 39.9°C. In each tumor the
differences of Tmax and Tmin were between
0.8°C and 44°C. Mean Tave was 40.8°C in the
range of 39.2°C and 425C. F@0C) data in
thermal mapping showed a wide variation of
the temperatures; it was 100% in 9 among 16
patients whereas it fluctuated from 15% to 65
% in the rest of the patients.

Tumor response (Table 3)

Among 67 assessable patients for tumor

Table 2. Thermal distribution of tumors in 16 pa-

tients
Case No. Tmax(‘C) Tmin(C) Tave('C) F40C)%)
1 42.8 39.9 41.7 100
2 40.0 38.4 39.8 27
3 43.1 38.7 40.3 40
4 432 40.0 412 100
5 44.3 41.7 425 100
6 42.6 39.0 40.8 100
7 41.3 40.5 41.0 100
8 43.0 41.8 419 100
9 419 40.5 41.7 100
10 424 41.2 419 100
il 40.6 389 39.2 39
12 39.9 39.2 39.5 15
13 417 39.8 41.0 50
14 42.2 40.5 41.6 100
15 404 39.5 39.7 65
16 . }QG 39.5 39.8 37

Mean+SD 41.9*1.3 399+1.0 408%+09 73+32
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response, 27 patients showed PR response
(response rate 40.3%). In one patient, whose
tumor had been censidered unresectable due
to the advanced lesion, a surgical resection
was performed following tumor regression.
The surgical specimen showed a cluster of ne-
crotic masses surrounded by a thick fibrous
capsule. Upon thorough histological examina-
tion, massive necrotic areas and marked fibro-
sis were noted, however, no tumor cell was
found (Fig. 1 A-C). Symptomatic improvement

Fig. 1. A case of complete tumor necrosis:
A. Pretreatment CT scan shows a multinodulay tumor in the right lobe of the liver
B. Previously shown tumor is remarkably shrunk 3 months after thetreatment
C. The resected specimen shows a cluster of necrotic masses surrounded by a thick fibrous capsule (arrows)

Number 3

Table 3. Response rate
Response Mo of patients{%)

Objective: No. of assessable pts. 67(100)
CR 2( 30)

PR 25( 37.3)

NR 40( 59.7)
Subjective: No. of symptomatic pts. 70(100)
improvement 55( 78.6)

no change 11( 15.7)
aggravation 4( 5.7)
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Table 4. Toxicites

No. of patients(%)

Local pain during hyperthermia 43(51.2)
Local fat necrosis 11(13.1)
Nausea and vomiting 7(83)
1° burn 7( 8.3)
Gastric ulcer 4( 4.7)
Hematoma* 4( 47

*at the needle insertion site for thermometry

was observed in 78.6% of the patients who
had pain or loss of a sense of well-being.

Toxicities (Table 4)

Fifty-one percent of the patients experi-
enced local pain during hyperthermia, particu-
larly over the skin along the edge of the elec-
trodes. It disappeared immediately after the
heating finished and only eleven patients de-
veloped subcutaneous fat necrosis over the
same area. However, they recovered within
one or two months without any treatment.
Nausea and vomiting and first degree burn
were also noted. Four patients developed gas-
tric ulcers, which required symptomatic medi-
cation. Among the patients in whom ther-
mometry was performed, four developed hem-
atoma at the needle insertion site.

CBC did not show any significant change. In
serial LFT, mean serum albumin level was
constant. One month after the treatment,
mean serum alkaline phosphatase level
showed a 30% increase of its pretreatment
level and mean serum transaminase level also
doubled their pretreatment level. Those
changes recovered in 3 months after the
treatment. Total serum bilirubin level showed
slight increase at the end of the treatment
and remained constant thereafter.

Four patients died of hepatic failure in the
early period of this study. Their common fea-
tures were: presence of liver cirrhosis with
Child’s class C, huge tumor size with mean di-
ameter (cm) of 12, 12, 18, and 14, respectively.
Either rapid progression of the neoplasm or
deterioration of hepatic function due to the
treatment might be responsible for their

256

100+

©
<

[=2]
(=]
1

3

3-YSR 15.6%

Survival rate(%)

no
<

12 18 24 30 3%
Months .

o
(=]
o

Fig. 2. Survival curve of 84 hepatocellular carcinoma pa-
tients following combined treatment of radi-
otheraby and hyperthermia

deaths.
Survival

With a median follow-up of 35 years, the
actuarial 1-year, 2-year, and 3-year survival
were 44.8%, 19.7%, and 15.6%, respectively. The
survival rate continuously decreased up to 2
years and remained almost constant there-
after. The median survival was 6 months (Fig.
2).

DISCUSSION

There have been several reports on hy-
perthermic treatment for the liver tumors.
Regional RF hyperthermia was combined with
cytotoxic chemotherapy for the metastatic he-
patic tumors from colorectal carcinomas by
Moffat et al. (1985). Malignant liver tumors in-
cluding primary and metastatic carcinomas
were treated with thermotherapy combined
with chemotherapy, radiotherapy, or emboli-
zation in Kyoto University (Nagata et a/. 1990).
However, their experience with HCC is very
limited to show any effect of combined treat-
ment of RT and HT and the thermal data
was reported only recently.

In this study, the tumors could be heated
up to 41.9C in mean Tmax and 399°C in
mean Tmdn.. These are in good agreement
with Nagata ef al. (1990) who reported mean
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Tmax as 412°C and mean Tmin as 40C in
thermotherapy of the liver tumors using the
same type of heating machine as used in this
study. Their study also showed that the nor-
mal liver temperature rose to 41.5C with a
mean of 39.8°C suggesting only a minimal dif-
ference from Tmin of the tumor. In this
study, we frequently found that temperature
distribution was not uniform at the various
point of the tumor or from one treatment to
another. Therefore, uniform heating still re-
mains a challenging area of research in
hepatomas as well as in other deep-seated tu-
mors.

An attempt to correlate tumor minimum
temperature with local response of the tumor
was made by Nagata et al. (1990). They report-
ed that the tumors heated below 40°C had the
worst response. However, their suggestion
needs further investigation because the analy-
sis included all thermal data regardless of his-
tology (HCC, cholangiocarcinoma, and meta-
static tumor) or type of combined treatment
(radiotherapy, chemotherapy, and emboli-
zation). In this study, we couldn’t correlate
tumor temperture with tumor response due to
the limited thermal data of 16 patients. More
accumulation of thermal data is required to
prove any correlation between the tumor tem-
perature and clinical outcome.

In HCC, thermometry frequently appears to
be a risky procedure. In our study, thermome-
try was successful only in 16 patients (19%)
mostly due to patients’ refusal and bleeding-
related complications. Moreover it couldn’t be
performed at every session of the hyper-
thermia. Moffat et al. (1985) advocated that
the routine use of invasive thermometry
seems to be unjustifiable given the question-
able quality of the information obtained and
the complications. However, it should be noted
that overheating of the normal liver can
cause serious morbidity and mortality and
underheating might have no benefit. Ther-
mometry with acceptable complication can be
justified in parallel with many efforts to de-
velop non-invasive thermometry.

The radiation dose in this study was not
enough to induce tumor response with radia-
tion alone. El-Domeiri et al. (1971) treated 3l
patients with radiation doses of 10 to 36 Gy

Number 3

70% died within 6 months. Philips and
Murikami (1960) showed that radiation doses
of less than 20 Gy were ineffective. In this
study, we could achieve a tumor response (CR
+PR) of 40% with 30.6 Gy and hyperthermia.
As shown in the thermal data, tumor temper-
atures were not high enough to induce
cytotoxicity by heat itself. Radiosensitization
by heat might have an effect on tumor
response. Considering that this study included
advanced lesions, which were more than.10cm
in mean diameter of the tumor in 64% of the
patients, combined treatment of RT with HT
appears to be effective in induction of the
tumor response. In Nagata ef al’s report
(1990), 6 out of 7 HCC patients (85%) showed
PR response with RT and HT. However, the
number was too small to show any result. In
an assessment of tumor response to combina-
tion of RT and chemotherapy for HCC,
Stillwagon et al. (1989) defined PR as a 30%
reduction in volume and they achieved 22%
PR with a high rate of complication. If we
use their definition of PR, our PR rate will
approach 60%.

One patient, who showed radiological PR
and subsequently underwent surgical resection,
proved to be pathologically CR. He is still
alive 4 years and 6 months after the treat-
ment. Regression of the tumor can offer a
chance for surgical resection in a subset of
the patients group. Therefore, combined treat-
ment of RT and HT might be considered as a
modality to convert unresectable tumors to
resectable ones. Symptomatic improvement
was observed in 78.6% of the patients who
had pain or loss of a sense of well-being. In
consideration of the patient’s initial status, the
quality of life remained high. This is consid-
ered another role of this combined treatment.

Acute toxicities were all self-limiting with-
out a specific treatment. Local fat necrosis de-
veloped in 11 patients, whose subcutaneous
fat thickness was less than 2cm. It was
thought to be due to the generation of exces-
sive heat near the electrodes. This edge effect
can be minimized by uniform application of
electrically-conductive jelly over the contact
surface for the initial step. Gastric ulcers de-
veloped i’ 4 patients; They improved with
oral medication.
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Although changes in either CBC or LFT
were not remarkable, combined treatment of
RT and HT seems to affect liver function sig-
nificantly in some patients. The common fea-
tures of the 4 hepatic failure patients were
the large size tumor (over 10 cm in mean di-
ameter) and poor liver function before RT
and HT (Child's C). It can be thought that
even the slightest decrease in the liver func-
tion by RT and HT can be dangerous in the
marginally functioning liver. A large tumor
with poor liver function (Childs C) is not
thought to be a good candidate for this com-
bined treatment. Now we limit patient eligibil-
ity to Childs A and B by liver function sta-
tus.

Median survival of unresectable HCC has
been reported to be about 4 months by others
(16). In this study, median survival was 6
months and 156% of the patients survived
more than 3 years. Further study to find a
subset of the patients who will benefit from
this treatment will be continued. To improve
survival, the potential role of combined RT
and HT as a part of multimodality approach
should be further investigated. Dose escalation
of radiation should also be investigated for
the patients whose tumors are confined to the
peripheral site of the liver. :

These results imply that this type of com-
bined treatment can be a new opportunity in
the management of HCC. In view of accepta-
ble toxicities and current survival results, fur-
ther evaluation of combined treatment of RT
and HT for locally advanced HCC is warrant-
ed.
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