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Androgen receptors (AR) in the cytosol of hepatocellular car-
cinoma (HCC) were assayed in 45 unselected patients in whom
radical hepatic resection was performed. Thirty-one patients had
detectable amounts of ARs in tumors, rnging from 2.3 to 82.6
fmol/mg protein with the dissociation constants (Kd) of 4.1
- 30.9 X 10- "0M. The receptor was not found in the remaining
14 cases. AR negative HCCs were significantly more common
among women and nonalcoholic patients. Otherwise, there were
no significant difference in the clinicopathologic background be-
tween patients with AR positive HCCs and those with AR neg-
ative tumors. Three patients died of liver failure in the former
group, whereas two died in the latter, one patient died of liver
failure and the other died of pneumonia (results were not statis-
tically significant). Excluding those five operative deaths, the
recurrence rates were 67.9% in the group of patients with AR
positive HCCs and 33.3% in the group of patients with AR neg-
ative tumors (0.1 < p < 0.05). The 5-year survival rate was
significantly better (p < 0.05) in patients with AR negative HCCs
(62.2%) than in those with the positive tumors (173%). In light
of the current results and previous experimental works by others,
it is likely that testosterones enhance the growth and invasiveness
of human HCC, which is mediated by AR in the tumor.

H ' EPATOCELLULAR CARCINOMA (HCC) is one of
the most malignant tumors in humans.' Due
to a high incidence of associated liver cirrhosis

or early spread in the liver, its resectability is generally
low.2A Nevertheless, hepatic resection is at present the
most reliable and acknowledged method for cure, although
liver transplantation may be more ideal in selected pa-
tients.5 Several recent investigations have reported prog-
nostic factors after resection ofHCC.&9 According to these
reports, the patient's prognosis can be considered poor if
the tumor is large, invasive, or nonencapsulated, or ifthe
patient has symptoms due to HCC, elevated preoperative
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serum alpha-fetoprotein (AFP) level, or inadequate sur-
gical margin.

During recent years, we have investigated sex hormone
receptor profiles in HCC and the surrounding liver, and
suggested a possibility that this tumor is androgen-
dependent'O'2. In the current investigation, we have an-
alyzed the recurrence rate and long survival rate after rad-
ical hepatic resection between the patients with androgen
receptor (AR) positive HCCs and those with AR negative
tumors.

Materials and Methods

During the past 6.5 years, ARs were assayed for primary
hepatocellular carcinoma (HCC) in 45 unselected patients
in whom radical hepatic resection was performed. ARs
in the tumor were detected in 31 patients but not in the
remaining 14. Long-term survival and tumor recurrence
rates were compared between those patients with AR pos-
itive and negative HCCs. The mean follow-up times were
36.2 ± 18.4 months in the AR positive group and 31.4
± 18.0 months in the AR negative group.

There was no significant difference in age distribution.
AR negative HCCs were seen more frequently in women
than in men (p < 0.02). Alcohol abuse was noted in 15
patients of the AR positive group but in none of the AR
negative group (p < 0.01). There were no significant dif-
ferences between the two study groups regarding the extent
of underlying liver disease, positive rate of hepatitis B
irus, and serum AFR level (Table 1). Table 2 shows the

results ofpreoperative liver tests. There were no substantial
differences between the two groups. Due to a high inci-
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TABLE 1. Preoperative Clinical Background

AR-positive AR-negative
(No. of (No. of

Data Patients) Patients)

Total number of patients 31 14
Age (years)* 59.4 ± 8.8 59.2 ± 8.4
Men/women 25/4t 6/8*
Duration of liver disease (years)* 6.8 ± 6.3 8.1 ± 6.6
Alcohol abuset
Yes 15§ 0§
No 16 14

Child's class
A 17 7
B 11 1
C 3 3

Hepatitis B virus
HBs-antigen 17 7
Anti-HBs 14 1
Anti-HBc 25 7

Serum AFP (ng/ml)
Lessthan 20 7 4
20-1000 20 8
1000-10,000 3 0
More than 10,000 1 2

* Mean ± SD
t Those who consume more than 50 g of alcohol every day for more

than 5 years.
tp <0.02.
§p<0.01.

dence ofassociated liver cirrhosis, atypical minor hepatic
resections were performed in most patients. No statistical
difference was found in the extent of liver resection be-
tween the two groups (Table 3). Histopathologic data of
the resected specimens are shown in Table 4. No signifi-
cant differences in tumor size, histologic type ofHCC and
associated liver diseases were observed between the two
study groups.

Postoperative Follow-up

Twenty-four patients received postoperative chemo-
therapy. The incidence and type ofchemotherapy did not
differ between the two groups. All patients, except for those
who died during operation, were evaluated with computed
tomography, ultrasonography, and, if necessary, angiog-
raphy just before discharge from hospital. They were all
proven to have no residual tumors in the liver and no

distant metastases. After discharge from the hospital, the
patients were followed up at a 2-week interval during the
first 6 months and monthly thereafter. Imaging diagnosis
was repeated every 3 months. When tumor recurrence

was suspected, the patient was hospitalized for angiog-
raphy. Whenever the recurrent tumor was resectable, sec-

ond hepatic resection was performed. Otherwise, che-
motherapy with or without embolization of the hepatic
artery was performed.
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TABLE 2. Preoperative Liver Tests

AR-positive AR-negative
Data (No. of Patients) (No. of Patients)

AST (IU/ml)* 99 ± 45 78 ± 42
ALT (IU/ml)t 78 ± 38 76 ± 66
LDH (IU/ml) 349 ± 91 346 ± 84
Bilirubin (mg/100 ml) 1.0 ± 0.5 0.9 ± 0.4
Albumin (g/100 ml) 3.6 ± 0.5 3.6 ± 0.7
Cholesterol (mg/100 ml) 142 ± 33 153 ± 30
BSP (30 minutes)t 26.8 ± 15.3 32.7 ± 12.7
ICG (15 minutes)§ 24.1 ± 13.7 26.1 ± 13.9

* Aspartate aminotransferase (normal, 0-37).
t Alanine aminotransferase (normal, 3-32).
t Bromosulphalein retention rate at 30 minutes (normal, 0-10%).
§ Indocyanine green retention rate at 15 minutes (normal, 0-10%).

AR Assay

In all cases, specimens for analysis were obtained at
the time of operation. The tumor was frozen in liquid
nitrogen immediately after removal and was stored at -80
C until the receptor assays could be performed. The
chemicals and the method of cytosol preparation are de-
scribed elsewhere.'0 Aliquots of cytosol (0.15 ml) were
incubated with increasing concentrations of 3H-R1881
(0.25-4 nM) and 0.125-2 MM triamcinolone with or with-
out 4 ,M radioinert R1881 for 16-18 hours. After the
incubation, 50 uM dextran-coated solution (2.5% acti-
vated charcoal Norit A and 0.025% dextan T-70 in TEGT
[10 mM TRIS-HC1, 1.5 me EDTA, 30% (u/v) glycerol,
and 1 mM thioglycerol] buffer) was added to the tubes,
which were incubated for 20 minutes and then centrifuged
for 15 minutes at 1500 g. The radioactivity in the super-
natant was measured by liquid scintillation counting. The
data were analyzed by the method of Scatchard'3 after
subtraction of nonspecific androgen binding.

Statistical Methods

Statistical comparisons for significance were made with
the use ofunpaired Student's t-test and the chi square test
with a single degree of freedom; p values of less than 0.05
were considered statistically significant. Cumulative sur-

vival rates were obtained by means of the Kaplan-Meier
method.

TABLE 3. Operative Methods

AR-positive AR-negative
Operative Methods (No. of Patients) (No. of Patients)

Wedge resection 16 11
One-segmentectomy 6 1
Two-segmentectomy 2 1
Left lateral segmentectomy 4 0
Left lobectomy 0 1
Right lobectomy 2 0
Extended right lobectomy 1 0
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TABLE 4. Histopathologic Data

AR-positive AR-negative
Data (No. of Patients) (No. of Patients)

Tumor size
Smaller than 2 cm 3 4
2-5cm 17 8
5-10cm 9 2
Largerthan 10 cm 2 0

Histologic type ofHCC
Trabecular 27 11
Trabecular + clear cell 2 1
Trabecular + pseudoglandular 1 0
Trabecular + compact 1 0
Clear cell 0 1
Compact 0 1

Liver Histology
Liver cirrhosis

Micronodular 12 5
Macronodular 5 7
Mixedtype 7 2

Chronic hepatitis 7 0

Results

AR

ARs were detected in the cytosol of HCCs taken from
31 patients. The value ranged from 2.3 to 82.6 fmol/mg
protein (mean ± SD, 19.5 ± 20.5 fmol/mg) with the dis-
sociation constants (Kd) ranging from 4.1 to 30.9 X 10
- 'OM (mean ± SD, 13.6 ± 7.9 X 10 'OM). The tumors
removed from the remaining 14 patients possessed no

detectable amount of ARs.

Operative Morbidity and Mortality

Of 31 patients with AR positive HCCs, three died after
liver resection. Hepatic failure developed after relaparot-
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FIG. 1. Cumulative survival curves in patients with AR positive HCCs
and those with AR negative tumors. The difference was statistically sig-
nificant (p < 0.05) during the period of 11-22 months and after 54
months.

omy for bleeding in one patient and for intra-abdominal
sepsis in the other. Both patients died in hepatic coma on
the eleventh and twelfth postoperative days, respectively.
The third patient experienced liver failure of insidious
onset and died 86 days after operation. On the other hand,
two patients of the AR negative group died. The first pa-
tient died of hepatic failure on the 28th postoperative day.
The second patient died of pneumonia followed by mul-
tiple organ failure on the 44th postoperative day. All the
patients who died after liver resection had Child's class B
liver cirrhosis. There was no difference in the morbidity
and mortality rates between the two study groups.

Tumor Recurrence

In the patients with AR positive HCCs, tumor recur-
rence in the residual liver-occurred in 19 instances 3-50
months after operation (mean ± SD, 15.7 ± 14.4 months).
On the other hand, four patients in the AR negative group
had tumor recurrence 7-25 months after operation (mean
± SD, 15.6 ± 6.5 months). Excluding the postoperative
deaths, the recurrence rates were 67.9% in the former
group and 33.3% in the latter group (0.1 < p < 0.05).
Second hepatic resection was possible in eleven patients
of the group with AR positive HCCs and in one patient
of the AR negative group.

Long-term Survival

Cumulative survival curves for both groups of patients
are shown in Figure 1. In order to discover whether the
presence or absence ofARs in HCC influences the survival
rate, the operative deaths were excluded. The 1- to 5-year
survival rates in the AR positive and AR negative groups
were 84.0% and 100%, 78.8% and 62.2%, 55.2% and
62.2%, 34.5% and 62.2%, and 17.3% and 62.2%, respec-
tively. The difference was statistically significant during
the period of 11-22 months and after 54 months after
operation (p < 0.05).

Discussion

Although HCC usually grows very quickly and the nat-
ural history ofthis tumor is short, several authors reported
patients who survived for a relatively long time after his-
tologic diagnosis of HCC.'4"'5 Thus the characteristics of
HCC vary from patient to patient, as in other malignant
tumors.

Several investigative groups,'1'9 including ourselves,'0
have already clarified that the cytosol and nucleosol of
HCC contain AR. We have shown that ARs are detectable
in most of the HCCs of men and that these ARs take up
extrinsically given testosterones.'2 Forbes et al.20 have
found objective responses in five of 25 patients with non-

resectable HCCs by the treatment with an anti-androgen,
cyproterone acetate. We have also obtained a similar result
which will be reported elsewhere.
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Recently, Bannister et al.2' and Ostrowski et al.22 re-
ported that the development of HCC is strongly related
to the increased hepatic AR concentrations in diethylni-
trosamine-induced hepatocarcinogenesis of rats. Several
years ago, Morris et al.23 found that, in a hepatic carci-
nogenesis model in rats with 2-diacetylaminofluorene,
HCC occurs more frequently in intact males and castrated
females treated with testosterone than in intact females,
castrated males, castrated females, and castrated males
treated with diethylstilbestrol. The results of Bannister et
al. and Ostrowski et al. seem to support the validity of
this classical study of Morris et al. showing that HCC
occurs more frequently in androgenic conditions.
As previously mentioned, several authors have sug-

gested prognostic factors after resection ofHCCs that may
influence the patients' survival. Hsu et al.9 reported that
tumor size and invasiveness were the most important fac-
tors for increasing the likelihood of survival. According
to Lee et al.,7 better survivals were obtained in the patients
who had asymptomatic tumors, noninvasive tumors, ad-
equate surgical margin, or second or third hepatic resec-
tions. Nagao et al.8 observed a better survival rate in such
subgroups of patients as those with a low preoperative
AFP level, small tumors, or tumors with capsules. None
ofthese authors found any difference in the survival rates
of male and female patients.

Concerning the effect of sex on the long-term survival,
our result was different from the above-mentioned studies.
In 137 cases ofradical hepatic resection, the 5-year survival
rate was 52% for women but only 19% for men. This was
statistically significant. We assume that this difference was
reflected by the fact that AR exists in 74% of HCCs in
men and in 38% ofHCCs in women,24 and that, through-
out the postoperative period, the serum androgen level is
significantly higher in men than in women.

In our present study, the prognosis of 45 patients of
both sexes was evaluated in terms of the presence or ab-
sence ofAR in the tumor. The recurrence rate was higher
(0.05 < p < 0.1) and the 5-year survival rate was signifi-
cantly (p < 0.05) lower in those with AR positive HCCs
than in those with AR negative tumors. This result tallies
well with the poor prognosis in male patients. In conclu-
sion, it is likely that testosterones enhance the growth and
invasiveness of HCC, which is mediated by ARs in the
tumor. This characteristic will provide a potential use of
anti-androgen therapy for this difficult malignant tumor.
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