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Histological Studies of Surgically Resected Hepatocellular
Carcinoma Following Combined Radiotherapy
and Hyperthermia

Jin Sil Seong', Eun Kyung Han’, Kwang Hyub Han’, Suhg Hoon Noh®,
Chan Il Park’, John ). K. Loh' and Heung Jai Choi’

Four cases of hepatocellular carcinoma (HCC) were surgically resected following combined radiotherapy (RT)
and hyperthermia (HT). Complete necrosis of the tumor without viable tumor cell was found in one case and
extensive tumor necrosis was observed in the other three cases; the percentage of necrosis in the specimens
were 40%, 70%, and 80%, respectively. Histologic assessment showed mainly coagulative necrdsis in the tumor
with focal liquefactive necrosis. Cystic dilatation of sinusoids was observed in both tumor and nontumorous nor-
mal liver tissue. Other changes in normal liver tissue were unremarkable except for infiltration of inflammatory
cells, fatty change, and proliferation of the bile ducts which can usually be seen beyond the area where any
space occupying lesions are present. It is concluded that combined radiotherapy and hyperthermia can signifi-
cantly induce coagulative necrosis of hepatocellular carcinoma with nonsignificant minimal histologic changes in

adjacent nontumorous liver tissue.
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The best chance for a cure in the treatment of
primary hepatocellular carcinoma (HCC) is early di-
agnosis and subsequent surgical resection. An
advanced stage of HCC, which can be found in
most Korean patients with HCC in Korea, and the
high incidence of concurrent hepatic parenchymal
disease such as liver cirrhosis seriously limit the
chance of surgical resection.

Many efforts have been made in the treatment of
the advanced HCC; systemic chemotherapy using

various drug combination (Falkson et al. 1978;

Sciarrino et al. 1985; Vogel et al. 1977), transhe-
patic arterial embolization(Sakurai et al. 1984;
Yamada et al. 1983), internal radiotherapy using I-
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131 lipiodol of I-131 antiferritin (Grady et al. 1983;
Sitzmann et al. 1987; Yoo et al. 1988) and so on.

Combined radiotherapy (RT) and regional hyper-
thermia (HT) have also been tried in the treatment
of advanced HCC in this institute since 1988 be-
cause of the belief that more than additive or even
synergistic interaction of radiation and hyperthermia
would cause effective tumor necrosis, even the lim-
ited radiation dose for fear of radiation hepatitis
would not be enough to kill the tumor cell.

Tumor shrinkage of more than 50% of the initial
volume with this combined modality was observed
in 12 of the 30 patients followed (Seong et al.
1989). Among the patients who showed marked
tumor response, four underwent surgical resection.

Herein we report our experience on combined
RT and HT for HCC with respect to histological
study.

Among the patients who were treated according
to the treatment protocol of combined RT and HT
for advanced HCC since April 1988, four patients
were referred for surgical resection after achieving
marked shrinkage of tumor in size following com-
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Fig. 1. Thermal distribution in case # 1: The temperature of the tumor is between 40°C and 42.7°C while that of skin, sub-

cutaneous tissue, and adjacent normal liver is below 40°C.

bined RT and HT. Those patients are the subjects
of this study.

The diagnosis of HCC was confirmed histolo-
gically through needle aspiration biopsy along with
clinical manifestations, laboratory test (particularly
alpha-fetoprotein (AFP), and various imaging exami-
nations including CAT scan, ultrasonography, and
angiography.

The treatment protocol consisted of external
radiotherapy which include the tumor mass with
generous margin, 3060 cGy in 3.5 weeks and
hyperthermia.

Hyperthermia was induced twice a week for a
total of 6 sessions, using 8 MHz capacitive heating
device (Thermotron RF-8; Yamamoto Vinyter Co.,
Japan). Each hyperthermic session was started with-
in 30 minutes after radiotherapy and continued for
30-60 minutes in all cases. To prevent excessive
heating of the surface of the skin, circulating 0.4%
NaCl solution between the heat exchanger and
electrodes was maintained at the temperature of 5-
10 °C. The method of this hyperthermia treatment
has also been reported elsewhere (Loh et al. 1989).

Temperature measurement of the tumor during
hyperthermia was done in one patient (case# 1)
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through a thermocouple (Sensortek Inc., Type IT-
18, New Jersey) which was inserted into the center
of the tumor under ultrasonographic guidance.
Temperature profile showed that the temperature
in the tumor was between 41°C and 42.7°C with
slight difference from one site to another (Fig. 1).

Surgical resection was performed one week after
the completion of the treatment in two patients
(case #3, 4). The other two patients underwent
resection 20 and 52 weeks after the treatment. All
the resected livers were cut into 1 cm thick slices
after fixation. Each slice containing the tumor was
sectioned for histologic assessment.

RESULTS

The main clinical features and treatment results of
the patients are summarized in Table 1. In 3 of the
4 patients the tumor shrinked markedly in size fol-
lowing combined RT and HT which were measured
from CAT scan.

After surgical resection, complete histological
tumor necrosis was found in one patient and con-
siderable extent of necrosis, although incomplete,
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Table 1. Clinical features of the patients with hepatocellular carcinoma: surgically resected cases following combined

rediotherapy and hyperthermia
AFP (IU/ml) Tumor size(cm)
Case Age/Sex HBsAg Liver Cirrhosis RT.HT to op(wk) Outcome
: *Pre/RT.HT/op Pre/op
1 64/M - Absent 30300/ 6.7/<3 11X16X13/4%X3.5X3.5 20 14mo.alive
4.2X3.2X3 '
2 53/F + Absent 30300/1418/<3  8X10X13/3X3X3 52 22mo.alive
2.5X2X2
3 56/M + Absent 137/<3/3.5 12X9X7/5X5X5 1 15mo.dead
4X2X2
4 46fF + Present 1404/ %NT/5  8X8X8/8X8X8 1 5mo.alive

* Pre/before the combined RT/HT RT.HT; just after the combined”RT.HT op: after operation NT: not tested

Table 2. Pathology of 4 patients with hepatocellular carcinoma after combined radiotherapy and hyperthermia

. Percent Status of adjacent mormal liver tissue
Case Size(cm) Gross type Capsule o -
' tumornecrosis Cirthosis  Cystic dilatation of sinusoid
1 4X3.5X3.5 . Mixed expanding =+ + 100% - +
4.2X3.2X3.2 and spreading
2 3X3Xx3 ” ++ 40% only septation +
25X2X2
3  5X5X5 ’ ++ 70% - +
4X2X2
4 8x8x8 expanding ++ 80% + +

was found in the other three patients.
Histologic changes (Table 2)

The tumor necrosis, which was seen in all 4 pa-
tients to varying extent, was essentially coagulative
necrosis. However, liquefactive hemorrhagic necro-
sis was also frequently found in the focal area, par-
ticularly in case #3; one large tumor nodule was
totally replaced by hemorrhagic necrosis which ap-
. peared similar to hematoma.

Tumors were encapsulated with a thick tumor
capsule (more thah 2mm in thickness). Extensive
degree of hyalinization of collagen fiber was shown
in the capsule with other changes such as foamy
cell infiltration, atypical proliferation of fibroblast,
and deposition of hemosiderin (Fig. 4b).

In the surrounding nontumorous liver tissue, cir-
rhosis which had already been present before the
combined RT and HT was accompanied in case #
4. Some noncirrhotic fibrotic change, septation, was
observed in the liver parenchyme of case #2. Infil-
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tration of inflammatory cells and fatty change were
also observed in other three cases.

Cystic dilatation of sinusoids were observed in
both tumor and nontumorous liver tissue in all
cases (Fig. 5a, b). In some areas, marked congestion
was also noted.

Patient with complete tumor necrosis
(case #1, Fig. 2a-d)

A 64-year-old man was admitted with the symp-
tom of right upper quadrant pain for one month. -

On admission the liver was palpated 11 cm
below the right costal margin. Liver function test
was slightly abnormal (alkaline phosphatase 125 1U/
L(normal range: 30-115 IU/L), r-glutamyl tran-
speptidase 105 IU/L (normal range: 0-30 I1U/L),
serum glutamic oxaloacetic transaminase 57 IU/L
(normal range: 8-30 IU/L), HBsAg, antiHBs and Anti
HBc were negative. Serum AFP was more than
30300 IU/ml. Chest roentgenogram findings were
normal. Abdominal CAT scan disclosed huge mass
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Fig. 2. Case of complete tumor necrosis (case #1):

A. Pretreatment (RT.HT) CAT scan discloses huge mass with central necrosis in the right lobe of the liver.

B. Previously shown tumor mass is remarkably shrinked in the posttreatment CAT scan.

C & D. Cross view of resected specimen shows round yellowish mass in the center of the specimen with 100% ne-
crosis (shaded areas) and fibrous capsule (black line).

lesion accompanying central necrosis which re- phic imaging the tumor appeared to be hypervas-
placed entire right lobe of the liver with pedun- cular mass. Transhepatic arterial embolization was
clation. The mass was lobulated, expansile in grow- attempted but failed due to difficulty in the su-
th pattern and sized 11X16X13 cm. On angiogra- perselection of vessels.
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Fig. 3. Case of incomplete tumor necrosis (case #3):

A. Pretreatment CAT scan shows tumor mass in the left lobe of the liver.
B. On posttreatment CAT scan, there is no change in the tumor size but the radiodensity in a part of the tumor

changed to low density which means necrosis.

C & D. Gross view of the resected specimen shows tumor mass with 80 %. necrosis (shaded area) and residual tumor

cells (black dots).

Adjacent areas of hemorrhagic necrosis (hn) which coinsides with the low density area in the posttreatment CAT

scan.

Then combined RT and HT was started. In the
first session temperature measurement was per-
formed; the temperature at the 7 cm depth of the
tumor was maintained between 42.5°C and 42.7°C
for 30 minutes and thermal mapping, which was
done just before the heating finished, showed rela-
tively homogeneous temperature profile within the
tumor; the temperature in the adjacent normal liver
was lower than that in the tumor. The patient tole-
rated well the entire treatment course without any
complication.

Upon completion of the treatment, the liver was
still palpable with reduced size, 8 cm below right
lower costal margin, and there was slight improve-
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ment in pain. Three months after the treatment pre-
viously noted, right upper quadrant pain disap-
peared, there was a weight gain of about 5 Kg, the
liver was no longer palpated, and a follow-up CAT
scan showed marked regression of the tumor, only
5X7.5X5 cm in size. Serum AFP level decreased
from the initial level of more than 30300 1U/ml to
6.7 IU/ml. Four months after the treatment he un-
derwent surgical resection.

The surgical specimen showed two masses; 4X3.
5%3.5 cm and 4.2X3.2X3.2 cm, respectively.
Each one had thick fibrous capsule containing yel-
lowish-white muddy necrotic material intermingled
with hemorrhage. Viable tumor cell was not found
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Fig. 4. Histologic changes in tumor capsule includes extensive hyalinization of the collagen fiber, infiltration of foamy histio-
cytic cells, atypical proliferation of fibroblast, and deposition of hemosiderin which findings are changes of radiation

effect.

through close microscopic examination of the spec-
imen.

After the surgical resection, AFP has been less
than 3 IU/ml and the patient’s general condition is
thus far excellent.

Patients with incomplete tumor necrosis
(case #2, 3 & 4, Fig. 3a-d)

Case #2, A 53 year-old woman, was diagnosed
with HCC with a huge 8 X 10X 13 ¢m sized mass in
a CAT scan. liver function was slightly abnormal
only in alkaline phosphatase (215 1U/ml); HBs Ag
and antiHBs were both positive; AFP was more
than 303004U/ml. Chest PA showed chronic bron-
chitis in both lower lung fields. On angiography the
tumor was hypervasular, but transhepatic arterial
embolization failed due to severe redundancy of
the vessels.

Soon combined RT and HT was done with good
toleration. After the treatment AFP decreased to
1418 IU/ml, and a follow up CAT scan disclosed a
tumor mass of reduced size, 6 X4 X4 cm. Systemic
chemotherapy was followed; first 2 cycles with 5-
FU, adriamycin, and mitomycin C then switched
into 5-FU plus DDP for another 4 cycle due to the
toxicity. Then AFP elevated again upto 22038 1U/
ml with no significant change in tumor size noted in

a follow-up CAT scan. Surgical resection was per-
formed 6 weeks after the last cycle of chemothera-
py.

Surgical specimen showed a 5X2.5X2.5 cm
sized, well-encapsulated mass. On cut section, the
mass consisted of a yellowish-tan friable nodule, 2
cm in diameter, which was surrounded by a yellow-
ish-white, ill-defined fibrotic and necrotic area. it in-
filtrated the surrounding liver parenchyme but cap-
sule was intact. Microscopic examination showed
persistent HCC cells, partly solid and partly trabec-
ular in growth pattern with multifocal hemorrhagic
necrosis which occupied approximately 40% of the
entire volume. Interlobar non-cirrhotic fibrosis with
partial septum formation was also found in adjacent
liver parenchyme.

Since then AFP has been maintained at a level of
less than 3 1U/ml; she has been disease-free for 1
year 10 months.

Case # 3, A 56-year-old man and case # 4, 46-
year-old woman, with 12X9X7 cm and 8X8X8
cm sized massive type tumor, respectively, were
both recommended for surgical resection but at first
they refused.

Liver function was normal in case # 3 and slight-
ly abnormal in case # 4 (alkaline phosphatase 124
IU/L, SGOT 73 1U/L, SGPT 60 1U/L, and rGT 90
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Fig. 5. Common histologic change in both tumor (a) and normal liver tissue (b) following combined RT.HT was cystic dilata-

tion of sinusoid and congestion.

IU/L). AFP was negative in case # 3 and in case #
4, 1404 1U/mi.

Chemoembolization with 40mg adriamycin mixed
with lipiodol and gelfoam were tried in both pa-
tients but was successful only in case #4. Soon
combined RT and HT was started; case # 3 tolerat-
ed it very well; case # 4 showed poor tolerance to
heat and experienced subcutaneous fat necrosis
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over the right costal margin as a complication relat-
ing to capacitive type hyperthermia but that was re-
covered soon.

Upon completion of combined treatment, follow-
up CAT scan showed a remaining tumor mass with
reduced size; this encouraged the patients to ac-
cept surgery. Surgical resection was done 1 wk
after the completion of the combined RT and HT in
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both patients.

In case # 3, surgical specimen showed two
closely attached but well-demarcated masses; 5X5
X5 cm one with variegated surface consisted of
yellowish necrosis, hemorrhagic area and remaining
gray-white soft tissue; while the smaller one, 4X2X
2 cm, showed totally hemorrhagic necrosis rese-
mbling hematoma. Microscopic examination re-
vealed persistent tumor cells with prominent nucle-
ar polymorphism and cytoplasmic fatty . vacuoles.
Marked peliosis was also found, and surrounding
liver parenchyme was accompanied with partial
congestion without cirrhotic change. -

In case # 4, well demarcated lobulated mass was
shown in the surgical specimen. Its size was 8 X8X
8 cm and the cut surface was nearly totally re-
placed by bright yellowish confluent necrotic area.
On microscopic examination persistent tumor cells
were shown with prominent pseudoglandular pat-
tern and surrounding liver parenchyme was cirrhot-
ic with macronodular type.

Case #4 is still alive after 5 months while case #
3 has survived for 15 months.

DISCUSSION

Since combined RT and HT has been applied to
the treatment of advanced HCC in our Institute,
more than 100 patients have been treated with this
protocol. The treatment result of 30 patients in the
early period has been reported; shrinkage of tumor,
mass of more than 50% of initial volume, partial
response, which measured by CAT scan, was seen
in 12 out of 30 patients (40%) and median survival,
calculated from the first day of the treatment, was
11 months in the patients who showed partial
response (Seong et al. 1989). One case of complete
disappearance of the tumor mass, which was as-
sessed by CAT scan and subsequent perito-
neoscopic biopsy, has been discussed in another
report (Suh et al. 1988).

However, several important questions remain to
be answered ; Does clinically assessed tumor res-
ponse equal histological tumor response 2 What are
the histological changes in the tumor following
combined RT and HT ? Are there any significant
changes in the surrounding liver tissue; if so, what
are the changes ? .

From this study it is clearly shown that combined
RT and HT can induce considerable extent of ne-
crosis of tumor cells and even complete necrosis.
An interesting point is that, even in the histologi-
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cally complete response case, there still remained
residual tumor mass although its size is markedly
reduced in preoperative CAT scan. Hence it can be
assumed that some of the partial reponse cases
which were evaluated by imaging might have more
than a partial response. This dramatic tumorlytic ef-
fect of combined RT and HT was accompanied by a
sharp decrease of serum AFP from 30300 to 6.7 IU
/ml.

The histopathology of hepatic radiation injury has
been described by Ogata et al. (1963) and by Reed
and Cox (1966). In both reports the: most prominent
abnormalities were vascular injury, particulary in the
small branches of hepatic veins with denudation of
endothelium, the appearance of a fibrillar deposit
within the vein lumen, and progression to the par-
tial or complete obliteration of veins by dense col-
lagenous tissue. The other changes in the liver were
similar to those which were observed in hepatic

~venoocclusive disease (Budd-Chiari Syndrome); dis-

tention of sinusoids with packed erythrocytes pre-
domination in the central vein region of the lobule,
with atrophy and sometimes complete disappear-
ance of hepatic parenchymal cells near the lobule
centers. However, these changes appeared to. be
reversible. ‘

The histological changes of the liver following
hyperthermia were first described in a report of au-
topsy finding for the patients who died of heat
stroke (Fajordo 1984) or fever therapy (Gore and
Issacson. 1949); vacuolization within the hepatocyte
and liver cell necrosis appeared with 60 _hours after
systemic hyperthermia and was followed by liver
cell regeneration after seven days (Gore and
Issacson. 1949). In a report by Kew et al. (1970)
liver cell necrosis, sinusoidal congestion, and dilata-
tion of portal vein were observed in the liver of the
patients who died of heat stroke, while those
changes were reversible in those patients who sur-
vived. Skibba and Condon (1983) and Akuta et al.
(1988) reported that there was not any irreversible
liver cell change between 41°C and 41.5°C in the
rabbit’s liver which was heated by interstitial
hyperthermia. A similar finding was reported by
Brauer et al. (1963). In a recent report by Suh et al
{in press) liver damage with 41°C heating was trivi-
al, while irreversible changes including congestion
of the sinusoids, dilatation of central and portal
vein, and finally liver cell necrosis were appeared
when the liver was heated at higher than 42°C.
Furthermore the frequency and severity of the liver
damage seemed to increase when hyperthermia
was combined with radiation.
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In our cases we could heat the tumor up to
42.7°C (Fig. 1); It is believed that the interaction of
heat and radiation lead to complete tumor necrosis
in case #1, because it is not possible that either ra-
diation alone of 3060 cGy or heat alone between
41°C and 42.7°C can cause complete tumor necro-
sis of such a large HCC mass over 16cm in diame-
ter, It is hard to say that these histologic .changes
were solely due to hyperthermia or radiation, be-
cause the two modalities were combined and both
hyperthermia and radiation can cause similar histo-
logic -changes in the liver, including dilatation of

sinusoids, congestion of vessels, and also coagula- -

tive necrosis, which were also frequently seen in
our cases. Changes seen in the tumor capsule were
those which were commonly observed after irradia-
tion. However, those histologic changes which
were seen in our cases are rarely possible with
3060 cGy of radiation alone. Hence, interaction of
the two modalities probably would contribute to
this kind of histological changes.

The histological changes in the nontumorous liver
parenchyme adjacent to the tumor following RT
and HT were our major concern. Although the radi-
ation dose to the tumor and adjacent nontumorous
hepatic tissue was limited to 3060 cGy, which can
hardly cause radiation hepatitis, it was thought that
the addition of HT might induce liver tissue injury
as well as potentiation of tumoricidal action of radi-
ation. In our study, there was cystic dilatation of
sinusoids with congestion in all cases. Other fin-
dings such as infiltration of inflammatory cells,,
noncirrhotic septation, proliferation of the bile duct,
and fatty changes were also observed but were
compatible with the usual findings frequently seen
in the area beyond the space occupying lesion in
the liver. Therefore, our study showed that com-
bined RT and HT did not cause fatal histologic
change on the nontumorous adjacent liver tissue.
there may be many explanations for this. One of
possible reasons might be differential heating be-
tween normal tissue and tumor. Under the same
heating condition temperature rises much more in
the tumor than in normal tissue due to the different
physiology of the vascular system:ie., neova-
sculature in tumor that has immature structure
without neurovascular control according to the
change in temperature (Emami et a/.1981). Further-
more rich vasculature in normal liver tissue might
prevent temperature increase by increasing blood
flow. That was also documented in the thermal dis-
tribution in case # 1. As a matter of fact, histologi-
cal change in hepatic tissue, mentioned in the earli-
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er part of this report, is based on the assuimption
that the temperature in normal tissue rises over 43 °C,
which is rarely possible in clinical practice. i

Therefore, it is concluded that combined ra-
diotherapy and hyperthermia can induce significant
extent of coagulative tumor necrosis of HCC with
nonsignificant ‘minimal histologic changes in
nontumorous normal liver tissue.
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