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In the past 20 years, a number of studies have investigated the relationship between sex hormones and
liver cancer. Experimental studies indicate that a dynamic process, with sequential modifications in
the pattern of sex hormones in the serum and of sex hormone receptors in the liver, occurs progres-
sively during hepatocarcinogenesis. Overall, it seems that both androgens and oestrogens may
enhance liver carcinogenesis, while androgens may also support the growth of established liver
tumours. Unfortunately, clinical studies of endocrine treatment of hepatocellular carcinoma (HCC)
have not adequately tested the suggestions from biological studies. So far, no clinical trial has been
performed to test the efficacy of endocrine manipulation for the chemoprevention of HCC in cirrhotic
patients nor in preventing relapse after radical resection of primary HCC. Anti-oestrogens have been
the most studied agents for the endocrine treatment of established HCC, although the rationale that
supports their use is weaker than for anti-androgens. Studies with anti-androgens have produced
prevalently negative results, due to either a lack of activity or excessive toxicity. The use of chemical
castration, which theoretically could enhance the activity of antihormonal compounds, yielded no
benefit at all. In summary, there is, as yet, no definitive evidence that endocrine treatment favourably
affects the outcome of patients with HCC. © 1998 Elsevier Science Ltd.
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INTRODUCTION hormones and liver cancer. It is now clear that sex hormones can
EACH YEAR, more than 250000 new cases of hepatocellular influence liver regeneration and they are considered important
carcinoma (HCC) are diagnosed in the world. The disease is  factors in the induction and promotion of hepatocarcinogenesis.
particularly common in Eastern countries, where death rates Here, we aim to summarise the biological basis of endo-
per year have increased to 150 per 100 000. In Europe, the crine treatment of HCC, presenting the current status of the
death rate per year is approximately 5 per 100000. A com- knowledge of the relationships between sex hormones and
mon feature in the different areas of the world is that the liver cells in different experimental models, such as regener-
disease prevalently affects males, thus suggesting a possible ating liver (following partial hepatectomy in animals), and
role for sex hormones in the process of hepatocarcinogenesis. chemically induced carcinogenesis (both with genotoxic and
Sex hormone imbalance has been described in men with liver non-genotoxic inducers); and to examine relationships
cirrhosis and HCC; namely, reduced serum testosterone between sex hormones and benign liver neoplasms, both in
levels and increased oestradiol levels [1, 2]. Because oestrogens animals and in humans. We have also analysed whether the
directly modulate hepatocyte proliferation and oestrogen recep-  biological hypotheses have been adequately tested in clinical
tors (ER) are present in liver with cirrhosis and HCC, it has studies of endocrine treatment of HCC, with particular
been suggested that sex hormone changes may play a role in  emphasis on the possible confounding variables (both clinical
liver carcinogenesis. Therefore, in the past 20 years, a number and methodological) of published studies.

of studies have investigated the relationship between sex This paper is written on the basis of papers retrieved by
Medline in December 1996, and on papers found by hand-
Correspondence to F. Perrone. searching pertinent papers in specific journals and in the
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WHAT ARE THE BIOLOGICAL BASES OF
ENDOCRINE TREATMENT OF HCC?
Sex hormones and liver regeneration

Experimental evidence indicating that sex hormones mod-
ulate the process of liver regeneration has been found in rats.
It has been shown that following a 70% hepatic resection,
there is an increase in serum oestradiol levels [3,4] and an
increase in the total number of ERs in the remaining regen-
erating liver; particularly, the nuclear fraction of ERs increa-
ses, while the cytosolic component declines [5-7]. Cell
proliferation and DNA synthesis during liver regeneration are
inhibited by the anti-oestrogenic drug tamoxifen and this
effect is reversed by oestrogens [8]. In female rats, ethinyl-
oestradiol is co-mitogenic with hepatocyte growth factor,
transforming growth factor-alpha, epidermal growth factor
(EGF) and fibroblast growth factor [9], that are considered
very important mitogens for the growth control of the regen-
erating liver.

The role of androgens seems less important; during liver
regeneration both serum testosterone levels [4,10] and
androgen receptor (AR) content in the liver decline, in the
cytoplasm as well as in the nucleus of the cells [11]. The pro-
cess is not significantly affected by the anti-androgen flutamide
[12]. Furthermore, the H2-receptor antagonist cimetidine,
that binds ARs and reduces their level in the liver, does not
modify the regenerative response to resection in the rat [13].

Sex hormones and liver carcinogenesis

The role of sex steroids in liver carcinogenesis has been
studied mainly in animal (rats and mice) models of experi-
mental carcinogenesis (Table 1). Oestrogens promote the
development of liver tumours induced by genotoxic agents
such as diethylnitrosamine and aflatoxin [14-16]; this effect
is largely dependent on the time of exposure to the hormones
and occurs in both female and male rats [17]. In mice,
androgens also act as promoters after induction by genotoxic
agents; male mice castration decreases the incidence of chem-
ically induced HCC [18], while the chronic administration of
testosterone to females or castrated male animals promotes
the growth of preneoplastic liver foci and chemically induced
HCC [19,20]. Furthermore, in rats, chemical hepatocarci-
nogenesis is also associated with a significant increase of
nuclear ARs that can be prevented by orchidectomy or anti-
androgen treatment [21,22]. The role of ARs in liver carci-
nogenesis is supported by the observation that AR-deficient
mice are much less susceptible to diethylnitrosamine-induced
HCC than normal mice [23]. Finally, anti-androgen treat-
ment reduces the size and the number of liver tumours

induced by chemical agents and decreases the growth rate of
established tumours [21].

Sex steroids could also be important in the mechanisms by
which non-genotoxic carcinogens induce liver cancer [24].
The phthalic acid ester di(2-ethylhexyl)phthalate (DEHP)
induces hyperplasia and tumour development in the rat liver
through a non-genotoxic mechanism, as it is not mutagenic
[25] nor binds to DNA [26]. One of the earliest metabolic
events induced by DEHP is the loss of activity of oestrogen
sulphotransferase and oestrogen 2-hydroxylase, key enzymes
in sex hormone metabolism. This can increase hepatocyte
oestrogen concentration [27], which could play a crucial role
in the induction of hyperplasia [28]. During the early phase
of carcinogenesis, an increase in ERs and nuclear ARs is also
evident. In the late phase (i.e. in tumour-bearing livers), AR
activity remains high, while ER levels strongly decrease.
Thus, it has been suggested that both androgens and oestro-
gens are important for the early phase of carcinogenesis, but
oestrogens are less important for the growth of established
tumours [27].

QOestrogens, administered alone, induce the development
of hyperplastic foci and HCC in female Wistar rats; the per-
centage of animals developing such alterations is highly vari-
able (8-75%), depending on the dose and length of the
hormonal treatment [29-32]. The effect of oestrogens is
mediated by ERs [33], as confirmed by the increase in the
amount of oestrogen—-ER complexes during carcinogenesis
[32]. Macroscopically, oestrogen administration to rats indu-
ces an increase in liver weight [34]. At a molecular level,
oestrogens lead to the formation of DNA adducts [35],
maximally during the early stage of carcinogenesis, to the
activation of oncogenes [36], and to an overall stimulation of
DNA synthesis [34]. The anti-oestrogen tamoxifen com-
pletely suppresses oncogene activation and the development
of both hyperplastic nodules and HCC; in contrast, it has no
effect on the formation of DNA adducts [37]. In vitro studies
have shown that oestradiol is co-mitogenic with EGF and
other hepatic mitogens in eliciting an increase in DNA
synthesis in hepatocyte cultures [38,39]. In addition, the
generation of free radicals, which may cause cancer develop-
ment by damaging DNA bases and inducing mutations,
could be a further mechanism for the carcinogenic effect of
oestrogens. It has been recently demonstrated that during
ethinyloestradiol-induced carcinogenesis there are increased
activities of detoxifying enzymes (such as glutathione S-
transferase) along with increased levels of 8-hydro-
xydeoxyguanosine that peak 1 month after oestrogen admin-
istration [40].

Table 1. Summary of relationships between hormones, antihormones and receptor expression and different pathological settings

Experimental carcinogenesis induced by

Human liver tumours

Genotoxic agents Non-genotoxic agents Oestrogen Benign HCC
Promotion oestrogen oestrogen oestrogen oestrogen, androgen,
androgen androgen progestins
Inhibition tamoxifen tamoxifen
anti-androgens
ER levels increase early increase increase increase stable or decrease
late decrease or mutant
AR levels increase increase increase

HCC, hepatocellular carcinoma, ER, oestrogen receptor; AR, androgen receptor.
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Sex hormones in the development of human liver tumours

Since the first description by Baum [41], the link between
the administration of preparations containing a variety of
oestrogenic and progestational steroids and the development
of hepatic adenoma, focal nodular hyperplasia and HCC has
been well established [41-44]. Observational studies have
shown that oestrogens may play a role in the development of
hepatic adenoma and focal nodular hyperplasia in both males
and females [45-47]. In some cases, the regression of these
benign lesions has been obtained by withdrawing hormone
administration [48].

Several studies indicate a positive association between the
use of oral contraceptives and primary liver cancer in devel-
oped countries [44, 49, 50]; an increased risk continues to be
evident more than 10 years after stopping their use and its
magnitude is directly related to the length of consumption [50].

Also, the long-term use of androgenic anabolic steroids can
induce benign tumours in the liver [51,52]. A retrospective
study, using serum samples from a cohort of 9691 male
adults, showed that elevated serum testosterone levels repre-
sent a risk factor for the development of HCC in humans [53].

Sex hormone receptor levels in benign and malignant liver neoplasms

Binding studies have demonstrated the presence of cytosolic
and nuclear ER in normal human liver and hepatic adenoma.
Compared to normal tissue, an increase in nuclear ER frac-
tion, which is the more biologically active form of the recep-
tor, has been found in liver adenomas and focal nodular
hyperplasia [4]. In contrast, ER expression is either normal or
completely suppressed in established HCC [54, 55]. In male
patients with HCC, Villa and associates reported the pre-
sence of mutated ERs, which are post-transcriptionally trun-
cated and unable to bind the ligand, but constitutively
activate transcription. Furthermore, in patients with mutated
ERs in the tumour, the peritumoral cirrhotic tissue shows
increased expression of the same variant ER transcript com-
pared with normal (non-cirrhotic) liver tissue, suggesting that
a gradual transformation, that may take place during pro-
gression of the cirrhotic process, can represent an early event
of hepatocarcinogenesis [56]. In contrast to ERs, the studies
performed in HCC and normal liver showed that the expres-
sion of ARs is enhanced by malignant transformation
[54,55]. On the basis of published studies, it can be esti-
mated that approximately 70% and 30% of HCCs are posi-
tive for AR and ER, respectively [54, 57-60].

Prognostic role of sex hormone receptors

Only two studies have investigated the prognostic role of
sex hormone receptors in patients with HCC. Both studies
were retrospective and included a small number of patients
who had undergone radical resection of their primary HCC
and had been followed up for recurrence. Both studies suffer
from methodological shortcomings such as small sample size,
multiple subgroup analyses and lack of multivariate analysis.

Nagasue and associates [59] found that 69% (46/67) of
tumours expressed ARs and that the expression was sig-
nificantly correlated with a shorter recurrence-free survival (0
versus 55% at 5-year follow-up, P=0.0072). Only 31% (21/68)
of the tumours expressed ERs, which did not significantly
correlate with a shorter recurrence-free survival (10% versus
24% at 5-year, P=0.17). Normal adjacent liver cells showed
a similar rate of AR expression (23/33 cases—70%) but
higher ER expression (22/41 cases—54%) compared with

tumour cells. No data were reported on the correlation
between tumoral and non-tumoral receptor status. However,
the receptor status of the surrounding liver did not affect the
risk of recurrence.

Conflicting data have been reported by Boix and associates
[60]. They analysed 43 cases for AR expression both in the
tumour and in the non-tumoral (prevalently cirrhotic) liver.
The rate of AR positivity was 65% and 70% in the two
groups of tissues, respectively; surprisingly, there was no
significant correlation between tumoral and non-tumoral
receptor status (r=0.013, P=0.93). No correlation was
found between AR expression in the tumour and the risk of
recurrence, while a significant relationship was found when
taking into account AR expression in the non-tumoral liver
samples: 49% versus 80% 2-year recurrence-free survival
(P<0.03) for AR-positive versus AR-negative cases. Overall,
the prognostic role of sex hormone receptor expression in
HCC is a completely open field, and other studies are war-
ranted.

Summary of biological bases for endocrine treatment of HCC

Taken together, experimental evidence indicates that a
dynamic process with sequential modifications in sex hor-
mone serum levels and sex hormone receptors in the liver
occurs progressively during carcinogenesis. Overall, it seems
that both androgens and oestrogens may enhance liver carci-
nogenesis while androgens may also support the growth of
established liver tumours. On the basis of this knowledge, the
following therapeutic hypotheses could be stated:

(1) both anti-androgenic and anti-oestrogenic compounds
could be active as preventive treatment in cirrhotic
patients at high risk of developing HCC or in patients
radically resected;

(2) anti-androgenic drugs and, to a less extent, anti-oes-
trogenic drugs could be active as treatment of estab-
lished HCC;

(3) only tumours expressing functioning receptors for
either type of sex hormone should be sensitive to
antihormonal treatment.

HAVE THE HYPOTHESES RAISED BY THE
BIOLOGICAL EVIDENCE BEEN ADEQUATELY
TESTED IN CLINICAL TRIALS OF ENDOCRINE

TREATMENT?

The drugs currently available allow three distinct strategies
of endocrine treatment:

(1) to antagonise or counterbalance the effect of oestro-
gens by the use of anti-oestrogens or progestins;

(2) to antagonise or counterbalance the effect of andro-
gens by the use of anti-androgens;

(3) to reduce both androgen and oestrogen circulating
levels by chemically induced castration with LH-RH
(luteinising hormone-releasing hormone) super-
agonistic analogues. Each of the first two options may
be conceptually combined with the third option.

Anti-oestrogens and progestins

Eight reports are available on the use of tamoxifen in HCC,
five of which address its role as a single agent (Table 2).
Paradoxically, there are four randomised trials and one phase
2 study only, the latter with negative results. In 1990,
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Table 2. Summary of studies on anti-oestrogens and progestins

Author [Ref] Study arms Number of Stage of Responses Median survival P
patients disease (%) (months)
Single-arm studies
Engstrom [61] Tamoxifen 33 advanced — 6
Cheng [69] Tamoxifen + Etoposide 33 unresectable 8 (24%) resp: 8
unembolisable non-resp: 3
Friedman [70] Progestins 5 unresectable 2 (40%) NR
Chao [72] Megestrol 32 unresectable — 3
unembolisable
Colleoni [71] Megestrol 11 unresectable — 4
unembolisable
Comparative studies
Melia [68] TAM (20 mg/day) + Dox versus Dox 59 advanced 4 (16%) 2.5 versus 2 NS
versus 3 (11%)
Farinati [62] TAM (30 mg/day) versus Nil 38 advanced NR 9 versus 2 <0.02
unresectable
Elba [64] TAM (60 mg/day) versus placebo 22 advanced NR 17 versus 12 0.04
unresectable
Martinez Cerezo [63] TAM (20 mg/day) versus Nil 36 advanced NR 9 versus 6 <0.01
Castells [65] TAM (20 mg/day) versus placebo 120 advanced NR 14 versus 6* NS

TAM, tamoxifen; resp, responders; NR, not reported; Dox, Doxorubicin; Nil, no treatment; NS, not significant.

*Graphically extrapolated from the published curves.

Engstrom and associates [61] showed no responses in a series
of 33 patients with advanced HCC, receiving 40 mg/day of
tamoxifen. The same year, Farinati and associates [62] pub-
lished the first randomised study. 38 patients with advanced
disease randomly received either tamoxifen 30 mg/day or no
treatment: a large and statistically significant difference in
median survival (9 versus 2 months) was found, despite the
very low number of enrolled patients. Two other small ran-
domised trials were published in 1994. Martinez Cerezo and
associates [63] published the results of a trial planned to
verify a 40% absolute gain in 1l-year survival of treated
(tamoxifen 20 mg/day) versus untreated patients; an interim
analysis showed a significant (< 0.01) benefit for the treated
arm (9 versus 6 months median survival, 48% versus 9%
1-year survival) and prompted stopping the trial after the
randomisation of only 36 patients. Elba and associates [64]
randomised 22 patients with advanced disease to receive
either tamoxifen (60 mg/day) or placebo. The dose of
tamoxifen was chosen because previous unpublished experi-
ence of the same authors indicated that the dose of 30 mg/day
had not improved patients survival. With the higher dose,
median survival was longer for treated patients (17 versus 12
months, P=0.04). By the end of 1995, the largest rando-
mised trial was reported by Castells and associates [65]; 120
patients with advanced disease were randomly assigned to
tamoxifen (20 mg/day) or placebo. The size of the trial was
planned on an expected 25% net benefit in survival for trea-
ted patients. Unfortunately, only a non-statistically significant
advantage in survival was found for tamoxifen-treated
patients (51% versus 43% 1-year survival; P=0.75).

A large-scale multicentre randomised clinical trial com-
paring tamoxifen (40 mg/day) versus no treatment, the CLIP-
01 trial, is now ongoing [66]. 496 patients have been random-
ised after 2 years of recruitment, and results will be available
by the end of 1997. A further randomised clinical trial com-
paring tamoxifen (40 mg/day) versus placebo has been plan-
ned by the EORTC [67].

Tamoxifen has also been used in combination with cyto-
toxic drugs. In 1987, Melia and associates [68] randomised

59 patients to doxorubicin alone or combined with tamoxifen
(20 mg/day); there was no difference in response rate (11
versus 16%) nor median survival (2 versus 2.5 months).
Nevertheless, they concluded that tamoxifen could have a
role in maintaining doxorubicin-induced remissions, based
on one long-term surviving patient who had received both
drugs. More recently, tamoxifen (40 mg/day) has been asso-
ciated with etoposide (50 mg/m? orally from days 1 to 21
recycling every 5 weeks). The rationale for this treatment
schedule was that chronic oral administration of etoposide
should enhance its activity as a type II topoisomerase inter-
acting drug, while tamoxifen could partially counteract the
effect of the p170 glycoprotein, produced by the multidrug-
resistance (MDR) gene, one of the major causes of resistance
of cancer cells to etoposide. Unfortunately, the phase II study
reported by Cheng and associates [69] does not allow any
conclusions to be drawn: 33 patients were treated, 8 (24%)
experiencing a partial response. No significant toxicity has
been reported with the exception of skin toxicity that is rarely
described with etoposide alone, consisting of itching pig-
mented maculopapular eruptions that were observed in one
quarter of patients.

Three reports are available (one as abstract only) on the
use of progestins (Table 2). In the first one, published in
1982 by Friedman and associates [70], 5 patients were trea-
ted and two partial responses were reported, lasting 6 and 10
months, respectively. Megestrol acetate (160 mg/day) was
given by Colleoni and associates [71] and Chao and associ-
ates [72] to patients with unresectable and unembolisable
HCC. In the first study, 11 patients were treated with no
response. Similarly, in the second study (reported as abstract
only), no response was reported in 32 evaluable patients out
of 46 treated. In this last study, however, most patients
experienced improved appetite and feelings of well-being; no
significant toxicity was reported.

Anti-androgens
Five reports are available on anti-androgens, using four
different compounds (Table 3). A measurable but low activity
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Table 3. Summary of studies on anti-androgens

Author [Ref] Study arms Number Stage of Responses  Median survival P
of patients disease (%) (months)

Single-arm studies

Forbes [73] CPA 25 unresectable 3 (12%) 3

Gupta [74] Ketoconazole 8 unresectable — NR

Nagasue [57] CPA 16 unresectable or recurrent 3 (19%) NR

Chao [75] Flutamide 32 unresectable — <3
Comparative studies

Bleiberg [76] Nilutamide: yes versus no 238 advanced NR 3.9 versus 5.5 NS

CPA, cyproterone acetate; NR, not reported; NS, not significant.

was reported with cyproterone acetate (CPA), a steroidal anti-
androgenic compound with progestogenic activity [57,73].
In the first series [73], three radiological partial responses
(according to WHO criteria for response evaluation) out of
25 treated patients (12%) were reported. In the second one
[57], three responses were recorded out of 16 treated patients
(19%), although the result is given in the discussion of the
paper without any other detail or comment. In 1988, Gupta
and Korula [74] observed no response in 8 patients with
unresectable HCC treated with ketoconazole (an antimycotic
drug with androgen antagonist properties). More recently,
Chao and associates [75] showed that flutamide (a pure non-
steroidal anti-androgen) had no activity in advanced HCC
with no response observed in 32 treated patients. The largest
trial on anti-androgens is an EORTC study, reported by
Bleiberg and associates only as an abstract [76]. In a random-
ised factorial design, two questions were addressed: the role
of a pure anti-androgen (nilutamide) and the role of LHRH
analogues (goserelin or triptoreline); overall 238 eligible
patients were randomised. The analysis for the first factor
effect (nilutamide) showed no benefit for patients receiving
the drug, with a very poor median survival (3.9 months), even
shorter than in the control group (5.5 months).

LHRH superagonist analogues

Three studies have examined the use of chemically-induced
castration as single-agent treatment for advanced HCC
(Table 4). Falkson and Ansell [77] reported no response in
14 patients treated with buserelin. In a study primarily devo-
ted to describing the effect of triptorelin on plasma levels of
sexual steroids, Guéchot and associates [78] reported no
response in 17 patients treated with this drug. Bleiberg and
associates [76], in the above-reported factorial EORTC trial,
also showed no benefit for patients receiving an LHRH ana-
logue (either goserelin or triptorelin) with a non-significantly

shorter median survival than in the control arm (3.4 and 5.5
months, respectively).

The combination of LHRH analogues with tamoxifen or
anti-androgens was tested by Manesis and associates [79] in a
three-arm randomised study (Table 4). Compared treat-
ments were placebo (29 patients), tamoxifen (30 mg/day) +
long-acting triptorelin (33 patients) and flutamide (750 mg/
day) +long-acting triptorelin (23 patients). Although median
survival was similar in the three arms of the study (4 versus 4
versus 3 months), the authors found a statistically significant
(P=0.02) survival advantage for patients receiving tamoxifen
+ triptorelin that prompted them to stop the trial at an
interim analysis. They also claimed that the tamoxifen+
triptorelin effect was more pronounced in female than in
male patients and was independent of the suppression of
serum hormone levels. In addition, a possible association of
flutamide treatment with increased bilirubin levels was sug-
gested.

DISCUSSION
Despite a number of suggestions given by biological stud-
ies, clinical research on the role of sex hormones in HCC has
produced conflicting results and appears overall inadequate
because of methodological flaws. Some of the possible con-
founding variables of published studies deserve more com-
ments.

Stage of disease

Although the wide range of reported median survivals
(from 2 to 17 months) indicates that a notable variability of
prognostic factors distribution exists in published clinical
series, all the studies included only patients with very
advanced disease. This contrasts with data from biological
studies which indicated that ER levels decrease during pro-
gression from benign to malignant tumours and that ERs

Table 4. Summary of studies on LHRH analogues and combinations

Author [Ref] Study arms Number of Stage of Responses Median survival P
patients disease (%) (months)
Single-arm studies
Falkson [77] Buserelin 14 advanced — 3
Guéchot [78] Triptorelin 17 unresectable — <3
Comparative studies
Bleiberg [76] Triptorelin: yes versus no 238 advanced NR 3.4 versus 5.5 NS
Manesis [79] TAM (30 mg/day) + Triptorelin 85 advanced — 4 versus 3 versus 4 NS

versus Flutamide + Triptorelin versus Placebo

TAM, tamoxifen; NR, not reported; NS, not significant.
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expressed in HCC may be functionally inactivated because of
pathological post-transcriptional events. In contrast, AR
levels do not seem to correlate with the stage of disease.
Thus, it is not surprising that objective tumour shrinkage has
been reported only in some trials with anti-androgens, while
no response has been observed with tamoxifen.

General strategy of clinical trials

A couple of paradoxical situations have been identified.
Indeed, the classical sequence phase 2 — phase 3 trials has
been ignored both with tamoxifen and with anti-androgens,
in different ways. Only one phase 2 trial on tamoxifen has
been reported, with negative results [61]. Nevertheless, six
randomised studies have been performed and published [62—
65, 68,79]; one large trial has just reached the planned sam-
ple size [66] and another large trial is planned by the EORTC
[67]. A possible explanation of this could lie in the predicted
effect of tamoxifen that is considered not purely cytotoxic,
but rather able to reduce the speed of tumour growth, a bio-
logical action that can be clinically seen by only analysing
survival or time to progression.

The single-arm studies showing measurable although low
activity against HCC are those on the steroidal anti-androgen
compound CPA [59, 73]. However, in the first paper, two of
the five claimed responses were based on the sole reduction of
serum AFP levels [73], while, in the second paper, the data
on treatment of patients are only reported as an accessory
result in the discussion paragraph without any detail on
response evaluation and toxicity. CPA has never been tested
in a randomised study, presumably because of its hepatic
toxicity; in fact, at least 10 cases of acute hepatitis have been
described, 4 of which were fatal in patients with prostate
cancer treated with this drug [80]. Paradoxically, flutamide
and its analogue nilutamide, that are non-steroidal anti-
androgens, have been tested in randomised trials with nega-
tive results [76, 79] without any previous published evidence
of their activity. The first reported single-arm study was
published as an extended paper in 1996, with negative results
[75].

Selection of patients and sample size

Overall, a predefined statistical plan is lacking in the
majority of single-arm studies. Patients dying soon after the
start of treatment have been wrongly considered as not evalu-
able in some reports. Unfortunately, the only study reporting
positive results [70] is too small and has never been con-
firmed. Furthermore, in some studies too many patients have
been treated with inactive drugs, raising ethical problems.
These problems, however, can be reasonably mitigated by the
highly unfavourable prognosis and the absence of any other
active treatment for HCC.

All the published phase 3 trials suffer from a small sample
size, the effect of a lack of any baseline statistical design in
some cases, or of non-realistic hypothetical advantage in sur-
vival for the experimental arm in other cases. This is con-
firmed by the plannings of the two major ongoing trials on
tamoxifen. The CLIP-01 trial [66] that we are coordinating
was planned on the basis of an expected 1-year survival in the
control arm (supportive care) =50% and an expected differ-
ence in the treatment arm (supportive care +tamox-
ifen) =+ 12%. This would translate, if tamoxifen was
effective, into prolongation of median survival from 12 to 17
months. With common statistical constraints, approximately

450 patients would be required. In the EORTC trial that
should have begun by the end of 1996 (tamoxifen versus
placebo), the recruitment of 414 patients is planned [67].
Nevertheless, by summing up all studies, fewer than 350
patients have been entered in published randomised trials on
tamoxifen, and the largest one showed no advantage for
tamoxifen-treated patients. The only large randomised trial
so far reported [76] can reasonably rule out an advantage due
to anti-androgens or LHRH analogues, of the order of a 50%
increase in the 6-month median survival of control arm;
additional information derives from the factorial design of
this study, as the absence of a trend favouring the association
of anti-androgens and LHRH analogues makes it reasonable
to assume that combined hormonal treatment of HCC has no
utility.

CONCLUSIONS

No clear evidence of benefit from endocrine treatment of
HCC can be derived from the published literature. Unfortu-
nately, clinical studies on endocrine treatment of HCC have
not adequately tested the hypotheses from biological studies.
This can be partially ascribed to the fact that much biological
evidence has become available only in recent years, while
clinical efforts of hormonal manipulation of HCC started at
the beginning of the 1980s. No clinical trial has been per-
formed to test the efficacy of endocrine agents in the chemo-
prevention of HCC in cirrhotic patients or in preventing
relapse of patients who underwent radical ablation of primary
HCC. Most studies on the treatment of established HCC
tested anti-oestrogens that were less promising than anti-
androgens. Studies on anti-androgens have produced pre-
valently negative results, either because of lack of activity or
due to excessive toxicity. The use of chemical castration,
which theoretically could have enhanced the activity of anti-
hormonal compounds, produced no benefit at all. Overall, a
definitive demonstration of a significant benefit of endocrine
treatment on the outcome of patients with HCC has, as yet,
not been shown.

In planning future studies, antihormonal treatment as
chemoprevention of HCC in cirrhotic patients should be
addressed. This could be more feasible with tamoxifen and
non-steroidal anti-androgens, thanks to the lack of significant
toxicity. Available anti-androgens do not seem worthy of fur-
ther studies in advanced disease; phase 2 trials should be
conducted to test the activity and tolerability of new com-
pounds as they became available. The results of large trials of
tamoxifen treatment are awaited to conclude on its efficacy;
these data will be available shortly. If they are positive,
tamoxifen should become the standard treatment with which
to compare new drugs, but if they were negative, there would
be no other reasonable basis to test anti-oestrogens in the
treatment of advanced HCC. Nonetheless, every effort should
be made to incorporate biological studies (e.g. on the expres-
sion of hormone receptors) in future trials, to study prognostic
factors and, eventually, to select subgroups of patients who
are most likely to benefit from hormonal treatment.

1. Nagasue N, Ogawa Y, Yukaya H, Ohta N, Ito A. Serum levels of
estrogens and testosterone in cirrhotic men with and without
hepatocellular carcinoma. Gastroenterology 1985, 88, 768-772.

2. Guechot J, Peigney Ballet F, Vaubourdolle M, Giboudeau J,
Poupon R. Sex hormone imbalance in male cirrhotic patients with
and without hepatocellular carcinoma. Cancer 1988, 62, 760-762.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Endocrine Treatment of Hepatocellular Carcinoma

. Eagon PK, Elm MS, Stafford EA, Porter LE. Androgen receptor

in human liver: characterization and quantitation in normal and
diseased liver. Hepatology 1994, 19, 92-100.

. Porter LE, Elm MS, Van Thiel DH, Eagon PK. Hepatic estro-

gen receptor in human liver disease. Gastroenterology 1987, 92,
735-745.

. Francavilla A, Di Leo A, Eagon PK. Regenerating rat liver: cor-

relation between estrogen receptor localization and deoxyr-
ibonucleic acid synthesis. Gastroenterology 1984, 86, 562-567.

. Eagon PK, Porter LE, Francavilla A, ez al. Estrogen and andro-

gen receptors in liver: their role in liver disease and regeneration.
Semin Liver Dis 1985, 5, 59—-69.

. Francavilla A, Eagon PK, Di Leo A, er al. Sex hormone related

functions in regenerating male rat liver. Gastroenterology 1986,
91, 1263-1270.

. Francavilla A, Polimeno L, DilLeo A, ez al. The effect of estrogen

and tamoxifen on hepatocyte proliferation i vivo and in vitro.
Hepatology 1989, 9, 614-620.

. Ni N, Yager JD. Comitogenic effects of estrogens on DNA

synthesis induced by various growth factors in cultured female
rat hepatocytes. Heparology 1994, 19, 183-192.

Kahn D, Makowka L, Zeng P, Murase N, Starzl TE, Van
Thiel DH. Estrogen and androgen receptors in the liver after
orthotopic liver transplantation. Transplant Proc 1988, 20, 494—
497.

Van Thiel DH, Stauber R, Garder ]S, Francavilla A. Hepatic
regeneration. Effects of age, sex hormone status, prolactin and
cyclosporin. Dig Dis Sci 1991, 36, 1309-1312.

Kahn D, Swanas G, Eagon PK, er al. Liver regeneration in rats
treated with the antiandrogen flutamide. ¥ Invest Surg 1988, 1,
133-138.

Kahn D, Swanas G, Eagon PK, ez al. Effect of an antiandrogenic
H2-receptor antagonist on hepatic regeneration in rats. ¥ Lab
Clin Med 1988, 112, 232-239.

Yager JD, Yager R. Oral contraceptive steroids as promoters of
hepatocarcinogenesis in female Sprague-Dawley rats. Cancer Res
1980, 40, 3680-3685.

Camerron RG, Imaida K, Tsuda H, Ito N. Promotive effects of
steroids and bile acids on hepatocarcinogenesis initiated by
diethylnitrosamine. Cancer Res 1982, 42, 2426-2428.

Yager JD, Zurlo J, Ni N. Sex hormones and tumor promotion in
liver. Proc Soc Exp Biol Med 1991, 198, 667—-674.

Mayol X, Meal GE, Davies R, Romero A, Domingo J. Ethinyl
estradiol-induced cell proliferation in rat liver. Involvement of
specific populations of hepatocytes. Carcinogenesis 1992, 13,
2381-2388.

Toh YC. Effect of neonatal castration on liver tumor induction
by N-2-fluorenylacetamide in suckling BALB/c mice. Carcino-
genesis 1981, 2, 1219-1221.

Moore MR, Drinkwater NR, Miller EC, Miller JA. Quantitative
analysis of the time-dependent development of glucose-6-phos-
phatase-deficient foci in the livers of mice treated neonatally with
diethylnitrosamine. Cancer Res 1981, 41, 1585-1593.

Reuber MD. Influence of hormones on N-2-fluor-
oenyldiacetamide-induced hyperplastic hepatic nodules in rats. ¥
Naitl Cancer Inst 1969, 43, 445-452.

Matsuura B, Taniguki Y, Ohta Y. Effect of antiandrogen treat-
ment on chemical hepatocarcinogenesis in rats. ¥ Hepatol 1994,
21, 187-193.

Ostrowski JL, Ingleton PM, Underwood JCE, Pearsons MA.
Increased hepatic androgen receptor expression in female rats
during diethylnitrosamine liver carcinogenesis. A possible corre-
lation with liver tumor development. Gastroenterology 1988, 94,
1193-1200.

Kemp CJ, Leary CN, Drinkwater NR. Promotion of murine
hepatocarcinogenesis by testosterone is androgen receptor-
dependent but not cell autonomous. Proc Natl Acad Sci USA
1989, 86, 7505-7509.

Shaw IC, Jones HB. Mechanisms of non-genotoxic carcinogens.
Trends Pharmaceut Sci 1994, 15, 89-93.

Reddy JK, Lalwani ND. Carcinogenesis by hepatic peroxisome
proliferators: evaluation of the risk of hypolipidemic drugs and
industrial plasticizers in humans. CRC Crit Rev Toxicol 1982, 12,
1-58.

Dirven HAAM, Theuws JIG, Jongeneelen FJ, Bos RP. Non-
mutagenicity of 4 metabolites of di(2-ethylhexyl)phthalate

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

31

(DEHP) and 3 structurally related derivatives of di(2-ethylex-
yl)adipate (DEHA) in the Salmonella mutagenicity assay. Muzat
Res 1991, 260, 1303-1308.

Eagon PK, Elm MS, Epley MJ, Shinozuka H, KN Rao. Sex
steroid metabolism and receptor status in hepatic hyperplasia
and cancer in rats. Gastroenterology 1996, 110, 1199-1207.
Eagon PK, Chandar N, Epley M], Elm MS, Brady EP, Rao KN.
Di(2-ethylexyl)phthalate-induced changes in liver estrogen
metabolism and hyperplasia. Int ¥ Cancer 1994, 58, 736-743.
Sumi C, Yokoro K, Matsushima R. Induction of hepatic tumors
by diethylstilbestrol alone or in synergism with N-nitrosobuty-
lureain castrated male WF rats. ¥ Nat/ Cancer Inst 1983, 70, 937—
942.

Wanless IR, Medline A. Role of estrogens as promoters of hepatic
neoplasia. Lab Invest 1982, 46, 313-320.

Coe JE, Ishak KI, Ross M]J. Estrogen induction of hepatocellular
carcinoma in Armenian Hamsters. Heparology 1990, 11, 570-
577.

Tanigawa K. Experimental studies on hepatocarcinogenesis of
synthetic estrogen and progesterone, with special reference to
progression and biological characteristics of the developed hepato-
cellular carcinoma. Acta Hepatol Fpn 1989, 985-944.

Katoh H. Kinetics and role of DNA adducts in estrogen induced
hepatocarcinogenesis in rats. Mie Med ¥ 1994, 44, 67-77.
Shecter J, Weiner R. Changes in basic fibroblast growth factor
coincident with estradiol-induced hyperplasia of the anterior
pituitaries of Fisher 344 and Sprague-Dawley rats. Endocrinology
1991, 129, 2400-2408.

Shinomura M, Higashi S, Mizumoto R. P-analysis of DNA
adducts in rats during ethynilestradiol induced hepatocarcino-
genesis and effect of tamoxifen on DNA adduct formation. Fpn ¥
Cancer Res 1992, 83, 438-444.

Machishi H. Activation of rat c-H-ras oncogene during estrogen
induced hepatocarcinogenesis. Mie-Igaku 1993, 37, 127-135.
Machishi H, Higashi S, Hibasami H, Nakashima K, Kawarada
Y, Mizumoto R. Role of activation of ornithine decarboxylase
and DNA synthesis on ethynilestradiol-induced hepatocarcino-
genesis. Carcinogenesis 1995, 16, 2965-2971.

Shy YE, Yager JD. Regulation of rat hepatocyte epidermal
growth factor receptor by the liver promoter ethynil estradiol.
Carcinogenesis 1990, 11, 1003-1009.

Ni N, Yager JD. Comitogenic effects of estrogens on DNA
synthesis induced by various growth factors in cultured female
rat hepatocytes. Hepatology 1994, 19, 183-192.

Ogawa T, Higashi S, Kawarada Y, Mizumoto R. Role of reactive
oxygen in synthetic estrogen induction of hepatocellular carci-
nomas in rats and preventive effect of vitamins. Carcinogenesis
1995, 16, 831-836.

Baum JK, Holtz F, Bookstein JJ, Klein EW. Possible association
between benign hepatomas and oral contraceptives. Lancer 1973,
ii, 926-929.

Stauffer JQ, Lapinski MW, Harold DJ, Myers JK. Focal nodular
hyperplasia of the liver. Am ¥ Clin Pathol 1975, 83, 301-306.
Mays ET, Christopherson WM, Barrows GH. Focal nodular
hyperplasia of the liver. Am ¥ Clin Pathol 1974, 61, 735-746.
Neuberger J, Portman B, Nunnerley HB, Laws JW, Davis M,
Williams R. Oral contraceptives associated liver tumors: occur-
rence of malignancy and difficulties in the diagnosis. Lancet
1980, i, 336-345.

Porter LE, Van Thiel DH, Eagon PK. Estrogens and progestins
as tumor inducers. Semin Liver Dis 1987, 7, 24-31.

Nagorney DM. Benign hepatic tumors: focal nodular hyperplasia
and hepatocellular adenoma. World ¥ Surg 1995, 19, 13-18.
Shortell CK, Schwartz SI. Hepatic adenoma and focal nodular
hyperplasia. Surg Gynecol Obster 1991, 173, 426-431.
Edmondson HA, Reynolds TB, Henderson B, Benton N.
Regression of liver cell adenomas associated with oral contra-
ceptives. Ann Intern Med 1977, 86, 180—182.

La Vecchia C, Negri E, Parazzini F. Oral contraceptives and
primary liver cancer. Br ¥ Cancer 1989, 59, 460-461.

Tavani A, Negri E, Parazzini F, Franceschi S, LaVecchia C.
Female hormone utilisation and risk of hepatocellular carcinoma.
Br ¥ Cancer 1993, 67, 635-637.

Bernstein MS, Hunter RL, Yachnin S. Hepatoma and peliosis
hepatis developing in a patient with Fanconi’s anemia. N Engl ¥
Med 1971, 284, 1135-1136.



32

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

S. Pignata et al.

Johnson FL, Feagler JR, Lerner KG. Association of androgenic
anabolic steroid therapy with development of hepatocellular car-
cinoma. Lancer 1992, 2, 1273-1276.

Ming-Whei Y, Chien-Jen C. Elevated serum testosterone levels
and risk of hepatocellular carcinoma. Cancer Res 1993, 53, 790—
794.

Ohnishi S, Murakami T, Moriyama T, Mitamura T, Mitamura
K, Imawari M. Androgen and estrogen receptors in hepatocel-
lular carcinoma and in the surrounding noncancerous liver tis-
sue. Hepatology 1986, 6, 440—-443.

Eagon PK, Francavilla A, Dileo A, er al. Quantitation of estro-
gen and androgen receptors in hepatocellular carcinoma and
adjacent normal human liver. Dig Dis Sci 1991, 36, 1303-1308.
Villa E, Camellini L, Dugani A, er al. Variant estrogen receptor
messenger RNA species detected in human primary hepatocel-
lular carcinoma. Cancer Res 1995, 55, 498-500.

Nagasue N, Kohno H, Chang YG, er al. Androgen and estrogen
receptors in hepatocellular carcinoma and in the surrounding
liver in women. Cancer 1989, 63, 112-116.

Nagasue N, Yukaka H, Chang YC, Ogawa Y, Kohno H, Ito A.
Active uptake of testosterone by androgen receptors of hepato-
cellular carcinoma in humans. Cancer 1986, 57, 2162-2167.
Nagasue N, Yu L, Yukaka H, Kohno H, Nakamura T. Andro-
gen and oestrogen receptors in hepatocellular carcinoma and
surrounding liver parenchyma: impact on intrahepatic recur-
rence after hepatic resection. Br ¥ Surg 1995, 82, 542-547.

Boix L, Castells A, Bruix ], ez al. Androgen receptors in hepato-
cellular carcinoma and surrounding liver: relationship with
tumor size and recurrence rate after surgical resection. ¥ Heparol
1995, 22, 616-622.

Engstrom PF, Levin B, Moertel CG, Schutt A. A phase II trial of
tamoxifen in hepatocellular carcinoma. Cancer 1990, 65, 2641—
2643.

Farinati F, Salvagnini M, De Maria N, et al. Unresectable hepato-
cellular carcinoma. A prospective controlled trial with tamoxifen.
¥ Hepatol 1990, 11, 297-301.

Martinez Cerezo FJ, Tomas A, Donoso L, ez al. Controlled trial
of tamoxifen in patients with advanced hepatocellular carcinoma.
¥ Hepatol 1994, 20, 702-706.

Elba S, Giannuzzi V, Misciagna G, Manghisi OG. Randomized
controlled trial of tamoxifen versus placebo in inoperable hepato-
cellular carcinoma. Izal ¥ Gastroenterol 1994, 26, 66—68.

Castells A, Bruix J, Bru C, er al. Treatment of hepatocellular
carcinoma with tamoxifen: a double blind placebo-controlled
trial in 120 patients. Gastroenterology 1995, 109, 917-922.
Perrone F. The Cancer of the Liver Italian Program (CLIP):
tamoxifen vs control in the treatment of hepatocellular carci-
noma (HCC)—an ongoing randomised multicentric study.
Tumori, 1995, 81(Suppl.) A326, 105.

67

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Gastrointestinal Tract Cancer Liaison Office booklet. Bleiberg H
coordinator. EORTC, 2nd edition, 1996, 91.

Melia WM, Johnson PJ, Williams R. Controlled clinical trial
of doxorubicin and tamoxifen versus doxorubicin alone in
hepatocellular carcinoma. Cancer Treat Rep 1987, 71, 1213—
1216.

Cheng AL, Chen YC, Yeh KH, Chuang SE, Chen BR, Chen
DS. Chronic oral etoposide and tamoxifen in the treatment of
far-advanced hepatocellular carcinoma. Cancer 1996, 77, 872—
8717.

Friedman MA, Demanes DJ, Hoffman PG Jr. Hepatomas: hor-
mone receptors and therapy. Am ¥ Med 1982, 73, 362-366.
Colleoni M, Nelli P, Vicario G, Mastropasqua G, Manente P.
Megestrol acetate in unresectable hepatocellular carcinoma.
Tumori 1995, 81, 351-353.

Chao Y, Chan WK, Huang YS, er al. Megace treatment of
hepatocellular carcinoma. 10th World Congress of Gastroenterology,
Los Angeles, September 1994, 1725.

Forbes A, Wilkinson ML, Igbal MJ, Johnson PJ, Williams R.
Response to cyproterone acetate treatment in primary hepato-
cellular carcinoma is related to fall in free 5a-dihydrotestoster-
one. Eur ¥ Cancer Clin Oncol 1987, 23, 1659-1664.

Gupta S, Korula J. Failure of ketoconazole as an anti-androgen
therapy in nonresectable primary hepatocellular carcinoma. ¥
Clin Gastroenterol 1988, 10, 651-654.

Chao Y, Chan WK, Huang YS, ez al. Phase II study of flutamide
in the treatment of hepatocellular carcinoma. Cancer 1996, 77,
635-639.

Bleiberg H, Grimaldi C, Gay F, et al. Double-blind clinical
trial of antiandrogen therapy vs placebo in unresectable hepato-
cellular carcinoma. Proc Annu Met Am Soc Clin Oncol 1993, 12,
A561.

Falkson G, Ansell S. Phase II trial of buserelin in hepatocellular
carcinoma. Eur ¥ Cancer Clin Oncol 1989, 25, 1139-1440.
Guéchot J, Peigney N, Ballet F, Vaubourdolle M, Giboudeau J,
Poupon R. Effect of D-Tryptophan-6-luteinizing hormone—
releasing hormone on the tumoral growth and plasma sex steroid
levels in cirrhotic patients with hepatocellular carcinoma. Hepa-
tology 1989, 10, 346—348.

Manesis EK, Giannoulis G, Zoumbolis P, Vafiadou I, Had-
ziyannis SJ. Treatment of hepatocellular carcinoma with com-
bined suppression and inhibition of sex hormones: a randomized
controlled trial. Hepatology 1995, 21, 1535-1542.

Roila F, Crino L, Carloni G, Natalini G. Cyproterone acetate:
hepatotoxicity and prostatic cancer treatment. Ann Oncol 1993,
4,701.

Acknowledgement—This work was partially supported by Con-
siglio Nazionale delle Ricerche.



