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Summary. Primary hepatocellular cancer is a common 
and virulent malignancy found all over the world. New 
insights into this disease are being provided by 
evaluation of  the impact of  epidemiologic data (hep- 
atitis viral exposure, race, sex, HLA  typing, and 
environmental factors). An enhanced appreciation of  
the biochemical modulators of  hepatocellular cancer 
metabolism is now also possible. The limited success 
of  current therapies is far from satisfactory, but 
prospects for the future seem more varied and 
promising than ever before. 

Epidemiologic Factors 

Primary hepatocellular carcinoma (PHC) is an almost 
uniformly fatal primary hepatic malignancy respon- 
sible for the death of an estimated 1 million people 
annually. The incidence of the disease, based on data 
available from national cancer registries, ranges from 
2 to 104 per 100,000 (age-standardized to world 
population) [14]. In many areas where no formal 
cancer registries exist, collaborative reports from 
cancer institutes or hospitals give some indication of 
the incidence of this disease, and it is especially 
frequent in parts of Africa and in North and 
Southeast Asian countries [25, 34]. Additionally, a 
high rate of occurrence has been reported in 
indigenous races living in disparate parts of the 
Pacific basin, such as Polynesia [22], New Guinea, 
and Alaska [2]. 

sustained in identifying specific epidemiologic fac- 
tors. Most probably, the etiology of PHC is multi- 
factorial. The regenerating, damaged liver seems to 
be most susceptible to this malignancy, and currently 
the greatest interest focuses on the relationship 
between hepatitis B infection and PHC. In one highly 
endemic area in Jiangxu province in China, the 
incidence of the disease was 50.7 per 100,000 and was 
closely associated with a high incidence of hepatitis B 
infection (HBsAg) in the population (data from 
Singapore Cancer Registry, by courtesy of Prof. 
K. Shanmugaratnam). In many Asian-Pacific and 
African countries where the carrier state for HBsAg 
is high, the incidence of PHC is similarly high. The 
association between PHC and seropositive HBsAg 
varies from 60% to 95%, and prolonged HBsAg 
infection appears to play an important role in the 
development of PHC, as confirmed in prospective 
studies on HBsAg-positive carrier populations in 
Taiwan [1] and other countries [26, 32, 37]. Cirrhosis, 
often occult, is associated with PHC [25] and shows 
an association with this virus [32]. In contrast, PHC 
seen in the Caucasian population in many Western 
countries is more often related to post-alcoholic 
cirrhosis, suggesting that several types of hepatic 
injury may predispose to PHC. 

Non-A and non-B viruses also produce similar 
hepatic damage and cirrhosis to those produced by 
hepatitis B viruses. It would therefore be of equal 
importance to assess their significance in the patho- 
genesis of PHC in endemic regions of the world. 

Hepatitis B Infection and PHC 

Because of the high incidence of PHC in certain 
geographic areas, an intense interest has been 
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Nutritional Factors 

In particular areas of the world, various ingested 
mycotoxins [5, 28] and nutritional factors may have 
an important etiologic role. If dietary (or other 
nonviral) causes are not at least partially responsible, 
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it is difficult to explain why there is a high incidence of 
PHC in Alaskan Eskimos, especially since a carrier 
rate of HBsAg of only 12% has been reported in this 
population [2]. 

Race and Environmental Carcinogesis 

Race has been correlated with environmental factors 
in Singapore's epidemiological studies on the inci- 
dence of PHC. Whereas the Indians living in 
Singapore had the highest morbidity rate for acute 
viral hepatitis (type B), exceeding that of the Chinese 
by 1.3 times [13], the incidence of PHC was 
considerably lower in Indians than in the Chinese 
population. Nevertheless, Indians living in Singapore 
and South Africa (who have a relatively high 
incidence of primary liver cancer) exhibited a higher 
frequency of PHC than Indians living in India. 
Studies on Singapore Chinese PHC patients show 
some clustering of individuals who have the HLA B5 
genotype [4]. These PHC patients were AFP- and 
HBsAg-seropositive, whereas another PHC group 
had HLA B15 and were AFP-negative. The different 
gene composition in these PHC patients may indicate 
that different host  phenotypes may respond to 
environmental carcinogenic stimuli uniquely. The 
overall presumption that 'ethnic Chinese' are more 
vulnerable to PHC is supported by the collected data 
from both Asian Pacific countries [2] and migrant 
studies [35]. 

Other important environmental causes include 
the contamination of water supplies by oncogenic 
agents (be they viruses that can survive in effluent 
water or mycotoxins that are heat-resistant). The 
findings of a higher incidence of PHC in areas where 
water derived from river beds is used, in contrast to a 
lower incidence in populations using water from 
mountain streams, are thus of serious impor- 
tance [321. 

Sex Differences 

Epidemiological studies of the Singapore Chinese 
population (including those of family members of 
PHC patients) have shown that the male is more 
vulnerable than his female sibling, who may possess 
the same genotype B5 and also be HBsAg-positive. 
These women do not develop PHC even though their 
brothers develop the disease at a far earlier age than 
is usual (20-35 years vs 60-70 years). In all series 
reported [35] in which environmental and genetic 
factors have been similar, PHC has been more 
prevalent in males than in females. The male : female 

ratio in age-standardized incidence rates ranges from 
2 : 1  to 4 :1 .  The age distribution rises with each 
decade and reaches a peak in the 6th and 7th decades 
(32%), the disease being infrequently reported in 
women under 40 years [24; Singapore Cancer Regis- 
try data courtesy of Prof. K. Shanmugaratnam]. 
Three younger women (25-29 years old) with PHC 
have recently been described, who had been taking 
estrogen- and progestogen-containing oral contracep- 
tives for various periods ranging from 3 months to 10 
years [24]. In most African countries the peak 
incidence for females is in the 4th and 5th decades, 
and there could be other local factors to account for 
the presentation of PHC at a younger age. 

Hormones and PHC 

Although there is ongoing controversy concerning 
the role of hormonal contraceptives in the patho- 
genesis of PHC in humans, there is no doubt that in 
experimental animals various steroid hormones (e.g., 
testosterone) play an important role in the promotion 
of tumor development in chemically induced PHC 
[36]. For instance, orchiectomized male rats or 
hamsters do not develop PHC unless given testoster- 
one [21]. Similarly, orchiectomized animals do not 
develop the disease when fed with diethylstilbestrol, 
However, oophorectomized female or intact male 
rats develop PHC when given testosterone extracts 
simultaneously with aminobenzene [10]. 

In humans, studies of one patient with estro- 
gen-induced adenoma revealed a high titer of ER 
(M. A. Friedman, unpublished work). Cytoplasmic 
estradiol receptors (ER) have recently been demon- 
strated in five adult and one pediatric PHC tumor 
specimens (M. A. Friedman, unpublished work). 
The amount of ER in tumor is modest 
(3.0-10.5 flrlol/mg cytosol protein) and insufficient 
comparisons have been made with surrounding 
normal-appearing liver to permit general conclusions. 
Both estrogen and progesterone receptors have also 
been detected in an estrogen-associated hepatic 
adenoma [16]. 

Polypeptide hormones, such as growth hormone 
and thyroxine, are important in vitro and in vivo 
stimulants of the normal [3] and the neoplastic liver. 
The growth of murine hepatomas has been slowed by 
rendering the animals hypothyroid by thyroidectomy, 
radioactive iodine, or propylthiouracil [19, 29]. 
Additionally, glucagon and insulin receptors have 
been detected in murine hepatoma cell lines and 
correlated with tumor growth rates [20]. Those 
tumors with less insulin binding had more rapid 
growth rates. In humans, increased levels of circu- 
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lating thyroxine [33] and somatomedin [18] have been 
described in PHC patients. Somatomedins are pep- 
tide hormones normally synthesized by the liver, 
which have biological actions identical to those of 
insulin and are not detectable by insulin radioimmu- 
noassay. There is little evidence to suggest that 
hypoglycemia [17] in PHC is due to hyperinsulinemia, 
and levels of radioimmunoassayable insulin are low in 
hypoglycemia or in all stages of advanced PHC 
(C. J. Oon, unpublished work). On the other hand, 
the levels of circulating basal growth hormone (RIA) 
are grossly elevated in patients with advancing PHC, 
in contrast to those in complete remission 
(C. J. Oon, unpublished work). Also, insulin, growth 
hormone, glucagon, and hydrocortisone are known 
to be hepatotrophic to normal liver tissues [3]. 
Consequently, the findings in Singapore (J. F. Ren, 
personal communication), showing that insulin and 
hydrocortisone promote the culture of hitherto 
growth-resistant PHC cells, are of much interest. If 
these findings are confirmed and found to be 
clinically relevant, then manipulation of hormones 
that serve as promoting factor(s) in the development 
of human PHC would not only provide opportunities 
for endocrine therapeutic intervention but might also 
provide a partial explanation for the transformation 
from benign to malignant hepatic disease. 

Current Therapy 

Conventional modalities of therapy have been gen- 
erally unsatisfactory. The hope that surgery is the 
ideal therapy is illusory; it is infrequently attempted 
and is rarely effective. The inability to detect 'early' 
disease, the multifocality of the disease, and coex- 
isting liver disease usually frustrate surgical attempts. 
Thus, it is difficult to imagine that surgery will play an 
important role in the management of PHC in the 
forseeable future [7, 11]. 

Similarly, conventional radiation therapy to the 
liver has not proven to be of definite value. Therapy 
with 3,000-4,000 rads has resulted in infrequent 
palliation and short survival [6]. The principal reason 
for the lack of effectiveness may well be the 
aggressive clinical course of PHC. Natural history 
data from the United States and South Africa indicate 
that the median survival of PHC patients is 3 months 
or less for debilitated patients, and less than 6 months 
for those who are more fit [9]. 

Similarly, chemotherapy trials have been gener- 
ally unsatisfactory. Use of fluoropyrimidines, nitroso- 
ureas, and antifols has usually yielded a response rate 
of less than 10% [9]. Whether given IV, IA, or PO, 
these agents, singly or in combination, are disap- 
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pointing. The single most effective drug appears to be 
adriamycin, which results in response rates of 
35%-50% and improved survival when used in 
appropriate patients [12, 23, 27]. 

More recently, combinations of chemotherapeu- 
tic drugs plus radiation have yielded better response 
rates. Intra-arterial adriamycin and 5-FU plus 
2,100 rads of whole-liver irradiation have resulted in 
responses in 35%-50% of cases, with more than 75% 
of patients benefitting subjectively (M. A. Friedman, 
unpublished work). However, 1- and 2-year survival 
rates after treatment with these agents are still 
approximately 20% and 10%, respectively, and there 
are usually few (less than 5%) 5-year survivors who 
have been treated with chemotherapy plus radiation 
therapy. 

A newer approach has been offered by Order and 
co-workers [8], who have utilized an isotopically 
labeled anti-CEA or anti-ferritin antibody. The use of 
131I IgG rabbit antibody represents a unique and 
innovative therapeutic option. Further experience is 
needed but an initial case report appears promis- 
ing. 

Although diethylstilbestrol (30 mg/day) and car- 
bimazole (40 mg/day) have been individually given to 
chemotherapy-unresponsive patients, neither drug 
has significantly prolonged the median duration of 
survival [27]. Recently, however, two of five PHC 
patients had objective responses to oral progesta- 
tionals (M. A. Friedman, unpublished work), and 
these may be useful palliative agents. Similarly two of 
four PHC patients with advanced metastatic PHC 
have unexpectedly survived 1 year after bilateral 
orchiectomy. Their tumor tissue had shown an 
increased and closer clustering of testosterone surface 
receptor markers (C. J. Oon, unpublished work), 
which were different from those in normal liver 
tissues. The estrogen antagonist tamoxifen on its 
own has not been shown to be effective in inducing 
regressions, but when combined with adriamycin has 
extended the median survival of six of twelve 
advanced PHC patients to more than 8 months. This 
combination appears to be better than adriamycin or 
tamoxifen used singly, These studies are small and 
require longer studies for further confirmation. 

The Future 

If the association between viral hepatitis and PHC is a 
causal one, it is possible that preventive methods 
against hepatitis B infections could reduce the inci- 
dence of PHC. Results of prophylactic hepatitis B 
vaccination raises an interesting question: Could 
vaccination protect the 5%-10% relatively immu- 
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nodeficient HBsAg-positive carriers [15, 30], who are 
the individuals at most risk, from developing PHC? 
Eradication of the virus from the population could be 
envisioned through 'herd protection' (as was seen in 
smallpox vaccination) and may help these susceptible 
individuals. It is also possible that alteration in the 
antigenic presentation by the new vaccine may be a 
means of enhancing an immune response in the 
hepatitis B-immunodeficient individual. The results 
of the Taiwan and New York vaccine studies are 
therefore of epidemiological importance. 

Furthermore, advances in therapy are to be 
expected. Use of radiation therapy (either by con- 
ventional source or novel isotopic source) is likely to 
result in improved palliation. Chemotherapy with 
currently available agents is unlikely to result in 
further dramatic benefits, but the search for new 
effective agents is ongoing. Finally, new approaches 
with hormonal manipulation should yield clinically 
meaningful benefit. By modulating either sex steroid 
or polypeptide hormones direct antitumor effects 
might be achievable. 

Primary hepatocellular cancer is likely to remain a 
major global public health problem for the next one 
to two decades, even if an effective vaccine is 
developed. These, and other, new prospects for 
therapy should be explored in ongoing clinical 
trials. 
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