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SUMMARY

This work examines a variety of clinical and experimental aspects of
hepatocellular carcinoma (HCC), both in patients with this disease and
in an animal model of the condition. Most of the studies examine

areas of therapeutic interest.

Chapter 1

The clinical, prognostic, aetiological and patholoéical features of a
series of 50 British HCC patients are detailed. Most patients
presented in poor clinical condition and with non-specific symptoms.
Cirrhosis was present in 78% and approximately 40% of patients had
serological evidence of past or present hepatitis B virus infection.
Median duration of survival was seven weeks from diagnosis. Only the
presence or absence of cirrhosis and clinical condition at diagnosis
affected prognosis. The majority of tumours were of trabecular
histological pattern and liver cell dysplasia was noted in the

non-neoplastic liver of 79% of patients.

Chapters 2 and 3

The treatment of HCC is reviewed and a phase II clinical trial of
treatment with the cytotoxic drug mitozantrone reported. Objective
reéponses to mitozantrone treatment were seen in 27% of evaluable
patients and serious side-effects were rare. Quality of survival on

treatment was good.

(x1ii)



Chapter 4
The history of the athymic mouse and the role of this animal in the

screening of new anti-cancer therapies is briefly discussed. The
"materials and methods" used in the culture of human HCC cell lines

and the production of human HCC tumour xenografts are described.

Chapter 5
The effects of human lymphoblastoid interferon (HuIFN-&[Ly], IFN) on

the growth of the HCC cell line PLC/PRF/5 were assessed both in vitro
and in athymic mice with PLC/PRF/5-derived tumour xenografts. In
vitro, PLC/PRF/5 cells were sensitive to the antiproliferative effects
of IFN, growth inhibition being noted at concentrations as low as 1.25
IU/ml, and in vivo, IFN reduced tumour xenograft growth rate and
prolonged survival in tumour-bearing animals. Further studies
examining some of the possible mechanisms involved in growth
inhibition in vivo demonstrated that IFN was capable of inducing the
enzyme 2,5-oligoadenylic acid synthetase, an inhibitor of protein
synthesis, in tumour tissue but not in mouse tissue, and that IFN

enhanced the display of HLA class I glycoproteins on tumour cells.

Chapter 6
The cytotoxic activity of Natural Killer (NK) cells, which are large

granular mononuclear cells of potential importance in the host defence
against malignancy, was measured in patients with HCC. Their NK cell
activity was found to be reduced when compared to that of healthy
control subjects or patients with cirrhosis alone. IFN, at low
concentrations, was capable of augmenting the NK cell activity of HCC

patients when administered both in vitro and in vivo.

(xiii)



Chapter 7

Specimens of normal adult human liver and tumour xenografts derived
from three human HCC cell lines were examined for the presence of
nuclear androgen receptors. Receptors were detected in both benign
and malignant tissue, and at similar concentrations ranging from
235-550 fMol mg_l DNA. Castration did not alter significantly the

subsequent development and growth of HCC tumour xenografts in male

athymic mice inoculated with cells from the PLC/PRF/5 cell line.

Chapter 8
A monoclonal antibody, K-PLC,, previously produced at the Royal Free

Hospital and reacting with a tumour-associated antigen on the cell
membrane of PLC/PRF/5 cells, was examined for its ability to bind to
HCC cell lines, HCC tumour xenografts, and tumour biopsy specimens
from patients with HCC. Using an indirect immunofluorescence
technique, K—PLC1 produced membrane staining of three HCC cell lines
and positively stained 10 of 11 human HCC biopsy specimens. In vitro,
125; 1abelled K~PLC; bound specifically to PLC/PRF/5 cells, and
antibody binding could be increased by prior incubation cf PLC/PRF/5
cells with high concentrations of human lymphoblastoid interferon.
Athymic mice with PLC/PRF/5-derived tumour xenografts were injected
with 12SI—labelled K-PLC, or 125I—mouse IgG, sacrificed at various
time intervals, and bound radioactivity then counted in a variety of
organs. Though circulating blood-pool radioactivity was high

throughout the study period, the amount of 1251

—K-PLC, was greater in
the tumour than in any other solid organ studied and tumour:liver
ratios for K-PLC; were greater than those for mouse IgG at all time

points studied.
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Chapter 9

In the light of the results of the thesis, recommendations for further

studies are made.
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INTRODUCTION




Hepatocellular carcinoma (HCC) is the tumour on which the work for
this thesis is based. The other less common primary tumours which

affect the liver, and metastatic liver tumours, are not discussed.

BACKGROUND

HCC, on a global scale, is one of the commonest malignancies in fhe
world today (Okuda\and Beasley, 1982; World Health Organisation
Scientific Group, 1983; Cook-Mozaffari and van Rensburg, 1984; Cook,
1985). There is a pronounced geographic variation in the incidence of
this tumour, with annual age-adjusted incidence rates ranging from
less than four per 100,000 in Northern Europe and North America to
greater than 100 per 100,000 in parts of sub-Saharan Africa and the

' Far East (Waterhouse et al, 1982; Munoz and Linsell, 1982;
Cook-Mozaffari and van Rensburg, 1984). In some countries, for
example Mozambique and Taiwan, HCC is the most common cause of cancer
death, and in China, the most populous country in the world, HCC is
the third most frequently observed cancer (Okuda and Beasley, 1982;
Munoz and Linsell, 1982). HCC incidence rates increase with age in
all parts of the world but the onset of disease tends to be earlier in
high incidence areas. 1In parts of Africa in particular, HCC is a
common cause of cancer death in young adults (Munoz and Linsell,

1982).

There are also geographic variations in the clinical presentation and
natural history of HCC, though in all regions of the world the
prognosis for HCC patients is poor (Okuda et al, 1984). 1In high

incidence areas HCC behaves particularly aggressively and patients



seldom survive more than three months from the time of diagnosis (Kew
and Geddes, 1982; Nagasue et al, 1984; Okuda et al, 1984; Falkson et
al, 1986).

The tfeatment of HCC is unsatisfactory. As the tumour most often
arises in a cirrhotic liver, and because it is often widespread
throughout the liver at the time of diagnosis, surgical resection, the
only realistic hope of cure, is usually not possible (Guest and
Blumgart, 1987). Currently available cytotoxic agents unfortunately
have only limited activity. Most published response rates are less
than 20%-30%, and duration of response is usually disappointingly
short (Forbes and Williams, 1987). In addition, the toxicity of
chemotherapy treatment can be substantial and is capable of

diminishing the quality of life of its recipients.

NEW DEVELOPMENTS

In recent years important advances in a variety of the biomedical
sciences have occurred, which may in the near future help to dispel

some of the gloom usually attached to the subject of HCC.

Epidemiological studies (Szmuness, 1978; Beasley et al, 1981; Beasley,
1982) and the application of the new techniques of molecular biology
(Brechot et al, 1980; shafritz and Kew, 1981; Bréchot et al, 1982a)
have shown a strong association between hepatitis B virus (HBV)
infection and HCC development. Indeed, the World Health Organisation
(World Health Organisation Scientific Group, 1983) estimate that 80%
of all HCCs world-wide may be attributable to HBV infection, and it is

this association which predominantly accounts for the marked



geographic variation in HCC incidence previously discussed. Recent
reviews have detailed the possible molecular mechanisms whereby HBV
infection may ultimately lead to HCC development (Sherman and
Shafritz, 1984; Bassendine, 1987; Rogler et al, 1987). It is however
also possible that HBV infection leads fo HCC development indirectly
via the production of cirrhosis (Zaman et al, 1985; Johnson and
Williams, 1987), and it remains to be shown conclusively that the HBV
is truly oncogenic. Bassendine (1987) has also outlined the other
important aetiological factors in HCC development, and has emphasised
the complex way in which all factors, including HBV infection, may

interact to result in hepatic carcinogenesis.

It is now possible to protect against HBV infection by immunisation.
In areas which are endemic for HBV infection (and hence HCC), most
infections are acquired in the perinatal period or in early childhood
(Beasley, 1982; World Health Organisation Scientific Group, 1983;
Beasley and Hwang, 1984; Hsu et al, 1986). Indeed, in Taiwan and
other parts of Asia, 40% of all chronic HBV carriers are thought to
become infected in the perinatal period (Beasley, 1982). Programmes
of combined passive and active immunisation against the HBV, begun
shortly after birth, have been shown to protect against subsequent HBV
infection (Beasley et al, 1983; Lo et al, 1985; Stevens et al, 1985;
Zanetti et al, 1986). If such programmes were instituted in endemic
areas, the incidence of chronic HBV infection in the population would
fall, and whatever the mechanisms whereby HBV infection results in HCC
development, this should eventually lead to a dramatic reduction in
HCC incidence. Such vaccination programmes are currently too
expensive for most countries where HBV infection is endemic to adopt,

but in the near future chemically synthesised polypeptide vaccines and



vaccines produced by recombinant DNA technology may be widely
available, and these should be much cheaper than currently available

plasma-derived vaccines (Zuckerman, 1985).

The exciting prospect of reducing HCC incidence rates through mass
vaccination of new-born infants against HBV infection is still some
decades away and in the meantime new methods are needed both for
diagnosing HCC at an early stage when curative surgery may be

possible, and for treating patients with inoperable tumours.

With the advent of sensitive radioimmunocassays (RIAs) for the
detection of serum alphafoetoprotein (AFP) and the development of
real-time ultrasonography, it is now possible to non-invasively screen
at-risk populations for HCC development. This subject has recently
been critically examined by Okuda (1986). While many important
questions on population screening for HCC remain to be answered, it is
clear that the combined use of serial serum AFP measurements and
repeated real-time hepatic ultrasonography represents a major advance
in the management of Asian patients with chronic liver diseases, as it
allows the early detection of small asymptomatic HCCs at a stage when
surgical resection is frequently still possible (Shinagawa et al,
1984; Liaw et al, 1986). This combined approach appears better than
AFP screening alone, as small HCCs often do not produce detectable
le&els of serum AFP (Shinagawa et al, 1984; Kobayashi et al, 1985;
Liaw et al, 1986; Ebara et al, 1986) and so may be missed if AFP alone
is used for screening. AFP screeing has been very disappointing in
the black African population (Purves, 1976), but the value of combined
AFP and ultrasound screening remains to be determined, both in this

setting and in low HCC incidence areas such as Europe.



More effective and less toxic therapies are needed for inoperable HCC
patients, who, for the foreseeable future, will continue to constitute
the majority of the HCC population. Several novel modes of cancer
therapy now exist whose role in HCC treatment remains to be |
determined. The interferons (IFNs) are now being extensively
investigated in the treatment of a variety of malignancies (Borden,
1984; Krown, 1986; Golomb, 1986). IFNs possess a variety of potent
immunomodulatory and antiproliferative properties (Gresser and Tovey,
1978; Borden and Ba11,>1981; Stiehm et al, 1982) which make them of
potential great importance as anti-cancer agents. Earlier problems of
lack of availability have been overcome, as many IFNs are now produced
relatively easily by recombinant DNA technology and are now available
for clinical study. The production of anti-tumour monoclonal
antibodies probably represents the most exciting new development in
Clinical Oncology of the last decade. These agents are highly
specific, easily and accurately reproduced in bulk, and may enable the
targeting of radio-isotopes, cytotoxic drugs and potent cellular
toxins to tumour cells. Monoclonal antibodies are now being
extensively investigated as potential immunodiagnostic and
immunotherapeutic agents (Sikora et al, 1984; Dillman and Royston,
1984; Baldwin and Byers, 1985; Morgan and Foons, 1986; Baldwin and
Byers, 1986). Monoclonal antibodies have now been produced to
antigens on HCC cell lines (Carlson et al, 1985; Shouval et al, 1985;
Hu et al, 1986; Wiedmann et al, in press) and should soon be available

in sufficient quantity for evaluation in clinical trials.



THE THESIS

As HCC is relatively rare in this country, and because there is a
pronounced geographic variation in the natural history of this tumour,
I have begun the thesis with a detailed analysis of the clinical,
prognostic, aetiological and pathological features of British HCC
patients. I have then reviewed the generally disappointing current
status of treatment for HCC and reported on a phase II clinical trial
examining the effects of a new anthracenedione, mitozantrone, in HCC
treatment. The observed response rate of 27%, while slightly better
than most published results with single agent cytotoxic therapies, was
disappointing and clearly indicates the need for new approaches to HCC

diagnosis and treatment.

In an animal model of HCC I therefore subsequently set out to explore
several potential new methods for therapy and diagnosis. In view of
the then recent findings of androgen receptors in HCC tumour specimens
(Igbal et al, 1983), the effects of androgenic ablation on HCC growth
were studied, and in the light of the recent developments previously
discussed, the role of IFNs and anti-HCC monoclonal antibodies in HCC

treatment and diagnosis were examined.



CHAPTER ONE

HEPATOCELLULAR CARCINOMA: CLINICAL, AETIOLOGICAL

AND PATHOLOGICAL FEATURES IN BRITISH PATIENTS




ABSTRACT

The clinical, prognostic, aetiological and pathological features of 50
consecutive British patients with hepatocellular carcinoma (HCC) have
been examined. Presenting symptoms were often vague, and patients
were generally in poor condition, ascites and jaundice often being
present at diagnosis. The median duration of survival from diagnosis
was only seven weeks. Only initial performance grade and the presence
or absence of cirrhosis significantly affected prognosis. Serum
alphafoetoprotein was positive by counter-immune electrophoresis in
only 40% of patients, but 76% were positive when radioimmunoassay was
used. Cirrhosis was present in 39 patients (78%) and was usually
cryptogenic (13), hepatitis B virus (HBV) - related (9) or alcoholic
(7) in origin. Serum HBsAg was detected in 10 patients (20%), and of
the remainder, 21% had serological evidence of past HBV exposure.

None of nine serum HBsAg negative tumour specimens had detectable
HBV-DNA integration into the tumour cell genome. Liver cell dysplasia
was noted in 53% of patients with liver biopsies predating the
diagnosis of HCC, and in 79% of biopsies taken at the time of HCC
diagnosis. The commonest histological pattern was trabecular (70%).
Other forms were rare; the fibrolamellar pattern was only seen in two

patients.

In British patients, HCC is usually diagnosed late and is usually
associated with established cirrhosis. It is rapidly fatal,
particularly in cirrhotic patients and in those with poor initial
performance score. In 40% it is associated with serological evidence
of past or present HBV infection. The relationship between liver cell

dysplasia and the development of HCC merits further study.



INTRODUCTION

As previously mentioned, HCC is an uncommon cancer in Northern Europe
and North America but is frequently seen in sub-Saharan Africa and the
Far East. The clinical features in high incidence areas are well
described (Lai et al, 1981; Kew and Geddes, 1982; The Liver Cancer
Study Group of Japan, 1984). HCC, as it is seen in the United Kingdom
however, often seems to be diagnosed late, and most patients die‘
within a few weeks of diagnosis. A variety of pertinent features in
50 consecutive British patients with histologically proven HCC have
therefore been analysed in order to determine whether some common
presenting clinical features may suggest HCC development, and whether
some simple clinical and laboratory parameters may be of prognostic

value.

Possible aetiological factors have also been examined. Using
serological radioimmunoassays and radiolabelled DNA probes to detect
viral DNA in tumour tissue, the relationship between chronic HBV
infection and HCC has been particularly studied. Finally, hepatic

histology has been reviewed.

PATIENTS AND METHODS

All patients were seen at the Royal Free Hospital, London, between
January 1978 and December 1984. Forty-one patients (82%) were born in
Britain and the remaining nine patients (18%), were immigrants (one
from Africa, two from Asia, two from the Far East and three from the
West Indies). Information was available on age, sex, presenting

symptoms, performance status (WHO, 1979), physical signs, presenting

10



haematological and biochemical parameters, the results of hepatic

imaging techniques, duration of survival,and the cause of death.

Serum was analysed for alphafoetoprotein (AFP) by radioimmunoassay
(RIA) (Hoechst Laboratories, UK) and counter-immune electrophoresis
(CIEP). Carcinoembryonic antigen (CEA) concentration was measured by
RIA (Abbot Laboratories, UK). Sera were tested for HBsAg, HBsAb and
HBcAb using commercially available RIAs (all Abbot Laboratories, UK).
HBsAg positive sera were analysed for HBeAg and HBeAb (Abbot) and also
for serum HBV-DNA, using a modification (Karayiannis et al, 1985) of
the dot hybridisation technique (Weller et al, 1982). 1In 10 patients
tumour tissue was available for analysis of HBV-DNA sequences by
southern blotting and hybridisation to a (32P) HBV-DNA probe

(Monjardino et al, 1982; Fowler et al, 1984).

Cirrhosis was diagnosed by histological examination of non-tumour
tissue, and the aetiology defined on clinical, serological and
histological grounds (see below). Liver cell dysplasia (Anthony et
al, 1973) was sought in all biopsy specimens, including specimens
pre-dating the development of HCC. The histological and cytological

variants of HCC were characterised (Anthony, 1987).
Statistical analyses were performed using the Chi-squared test with

Yates correction and the log-rank test as appropriate. Survival

curves were produced by the Kaplan-Meier method.
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RESULTS
There were 37 men and 13 women (male:female, 2.8:1). The median age
was 58 years (range 16-77 years); 12 patients (23%) were less than 40

years old.

Symptoms and physical signs at presentation

In four patients the diagnosis of HCC was not suspected antemortem but
was made at autopsy. In two patients the diagnosis was made while the
patient was asymptomatic; one at cholecystectomy, and the other while
undergoing routine liver biopsy for assessment of primary biliary
cirrhosis (PBC). The major presenting symptoms in the remaining 46
patients were malaise (70%), anorexia (60%) and abdominal pain (55%)
(Table 1 (i)). Pain was usually in the right hypochondrium or
epigastrium, and of mild to moderate severity. It was chronic and no
patient presented as an acute emergency due to tumour rupture.
Abdominal swelling, either due to ascites or to a palpable tumour
mass, was noted by 37% of patients, and 18% presented either with
jaundice or gastrointestinal bleeding, the latter always proven by

endoscopy to be due to variceal rupture.

The presenting performance status of the 46 patients diagnosed in life
was graded using World Health Organisation (WHO) criteria (WHO, 1979).
Only five (11%) patients were unrestricted in normal activities and
therefore in the grade 0 category. Most patients fell into the grade
1 category (33%) while 22% and 26% respectively fell into grades 2 and
3. Four patients (8%) were completely disabled, bed-bound and unable

to perform any self-care, and therefore of grade 4 status.
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Table 1 (i)

PRESENTING SYMPTOMS OF HEPATOCELLULAR CARCINOMA IN BRITISH PATIENTS.

Symptom % with symptom
Malaise ‘ 70
Anorexia 60
Abdominal pain 55
Weight loss 47
Diffuse abdominal swelling 27
Jaundice 18
Gastrointestinal bleeding 18
Pruritis 12
Palpable mass 10
Ankle oedema 10
Cough or dyspnoea 6
Deep vein thrombosis 4
No symptoms ‘ 4
Fever 2
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The physical signs most commonly seen at presentation are listed in
Table 1 (ii). 1In three of the 46 patients tense ascites rendered
abdominal palpation impossible. Hepatomegaly was noted in 40 (93%) of
the remaining 43 patients. The liver was invariably hard and in 20%
was tender. An arterial bruit was heard over the enlarged liver in
three patients (7.5%). Ascites was detectable in 43%. It was usually
of mild or moderate severity but in five patients (11%) demanded
immediate paracentesis. Splenomegaly was noted in 25%, all cases
being cirrhotic. Spider naevi were seen in 35% of patients and
jaundice noted in a similar proportion. Hepatic encephalopathy was
noted in seven patients (15%), being of grade I severity in six and
grade II in the other. In two patients the encephalopathy was
ascribed to gastrointestinal bleeding and in five was thought to

represent hepatocellular failure.

Standard haematological and biochemical tests (Tables 1 (iii) & 1

(iv))

The erythrocyte sedimentation rate (ESR) was abnormal in 27 of the 32
patients tested, five patients (16%) having values greater than 100 mm
in the first hour. The mean haemoglobin concentration was 12.7 g/dl.
Three of the 46 patients (6.5%) had haemoglobin valves above the upper
limit of normal in the absence of transfusion, but none had a raised
haematocrit. Five patients (11%) had a haemoglobin concentration less
than 10 g/dl at presentation, three of whom had recent
gastrointestinal bleeding. Prothrombin time was abnormal in 38 of 44
patients, the mean prolongation being almost four seconds. One
patient, who had no initial clotting studies, developed small
intestinal venous thrombosis, requiring surgery and subsequent

anticoagulant therapy.
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Table 1 (ii)

MOST COMMON PRESENTING PHYSICAL SIGNS IN BRITISH PATIENTS WITH
HEPATOCELLULAR CARCINOMA.

Sign % with sign
Hepatomegaly 93

- % with tenderness 20

- % with bruit 7.5
Ascites 43
Splenomegaly 25
Jaundice 35
Spider naevi 35
Encephalopathy 15




A single biochemical abnormality in liver function tests was seen in
four patients (9%); three showed a raised serum alkaline phosphatase
concentration, and one an increase in serum aspartate transaminase.
Among the remaining patients, no particular pattern (i.e. "hepatitic’
or 'cholestatic’) predominated. Serum aspartate transaminase and
alkaline phosphatase were each elevated in 90% of patients. At
presentation 76% of patients showed a raised serum bilirubin
concentration, the level in 17 (37%) exceeding 50 Fmol/l. The mean
serum albumin concentration was 35 g/1, with 24% of patients having
levels less than 30 g/1. Six of 45 patients (13%) had raised
corrected serum calcium levels. No patient had obvious bone
metastases and none had symptomatic hypercalcaemia. The serum
phosphate concentration was reduced in only one of these patients,
suggesting possible hyperparathyroidism. Random plasma glucose
concentrations were measured at presentation in 35 subjects, and none
had evidence of hypoglycaemia. Clinical hypoglycaemia was not a

problem subsequently.

Presenting serum AFP and CEA concentrations

AFP was measured in the serum by CIEP (lower limit of sensitivity
around 500 IU/ml) (Eleftheriou et al, 1977) in all patients, and by
RIA (lower limit of sensitivity <10 IU/ml) in 42 patients. Serum AFP
was positive by CIEP in 20 patients (40%) and negative in 30 (60%). A
serum AFP > 10 IU/ml was detected by RIA in 32 of the 42 patients
tested (76%). The presence or absence of eithef cirrhosis or serum
HBsAg had no effect on AFP positivity rates when measured by CIEP

(Yates corrected Chi-squared test;' p>0.05).
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Serum CEA concentrations were measured in 21 HCC patients at
diagnosis. Only three (14%) had raised levels, and in only one
patient was CEA concentration in the ’'tumour range’ of greater than

20 Pg/l.

Hepatic imaging techniques

An isotope liver scan (using technetium sulphur colloid) was performed
in 27 patients. Generalised patchy and reduced uptake of radiocolloid
was reported in 12 patients (44%). Definite filling defects,
indicating space occupying lesions, were seen in the livers of 20 of
the 27 patients (74%). In six patients (22%) patchy uptake of
radiocolloid precluded a definite diagnosis of hepatic £illing defects
and in the remaining patient (4%) a normal scan was reported. Coeliac
. or selective hepatic angiography was performed in 30 patients. Tumour
circulation was noted in 29 patients (97%) and in only one patient was
the hepatic vasculature reported as normal. Abdominal CT scan, with
and without intravenous contrast enhancement, showed hepatic filling
defects in 23 of the 24 (96%) patients in whom it was performed, and
was frequently used in order to selectively target biopsy needles into

the filling defects.

Hepatocellular carcinoma: aetiology and relationship to cirrhosis

(Table 1(v))

In 39 patients HCC was associated with underlying cirrhosis (78%). In
six patients (12%) the liver was non-cirrhotic and in five patients

(10%) the state of the underlying non-malignant liver was not known.

The aetiology of the underlying cirrhosis was classified as follows:-

Alcoholic cirrhosis, defined as the presence of cirrhosis in a subject
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with a reqular alcohol consumption of >80g per day and/or hepatic
histological features compatible with alcohol abuse (Scheuer, 1980),
was present in 18%. Cryptogenic cirrhosis, diagnosed in serum HBsAg
negative subjects with no history of alcohol abuse, and who had no
autoantibodies (anti-nuclear factor (ANF) < 1:40 and smooth muscle
antibody (SMA) < 1:40) or histopathological features characteristic of
other liver diseases, was observed in 33%. Cirrhosis associated with
auto-immune chronic active hepatitis, diagnosed in the presence of an
ANF or SMA ) 1:40 was present in 8%, and cirrhosis associated with
HBV, diagnosed if serum HBsAg was detected by RIA, was seen in 23%.
Other types of cirrhosis were diagnosed on histological features
(Scheuer, 1980). In the group of non-cirrhotic patients, and in those
where the state of the upderlying non-malignant liver was not known,
usually no recognised aetiological factor could be detected. Two
tumours however arose in young womeh in relationship to pregnancy, one
becoming apparent in the third trimester of pregnancy and the other

six months after a normal full-term pregnancy.

HCC: relationship to HBV infection (Table 1 (vi))

Ten of 50 patients were positive for serum HBsAg. Of these‘patients
nine were tested for HBeAg and HBeAb, and seven for serum HBV-DNA
sequences. Seven patients were bositive for HBeAb and negative for
HBeAg and two were positive for HBeAg and negative for HBeAb. Serum
HBV-DNA was detectable in three of the seven patients examined, two
being HBeAb positive. Thirty-three of the 40 patients negative for
serum HBsAg were tested for both HBsAb and HBcAb. Twenty-six patients
(79%) had no serological evidence of past infection with HBV, six
(18%) had both antibodies, and one patient (3%) had HBcAb alone. The

distribution of HBV antibodies between the various types of liver
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Table 1 (v)

AETIOLOGY OF UNDERLYING LIVER DISEASE IN THE 39 HCC PATIENTS WITH
CIRRHOSIS.

Aetiology of cirrhosis N %
Cryptogenic 13 33
HBsAg +ve 9 23
Alcoholic 7 18
Primary Biliary Cirrhosis 4 10
Auto-immune 3 8
Haemochromatosis 2 5
& l-antitrypsin deficiency 1 3

21



Table 1 (vi)

HBeAg, ANTI-HBe AND SERUM HBV-DNA STATUS OF NINE SERUM HBsAg POSITIVE
HCC PATIENTS.

HBeAg anti-HBe serum HBV-DNA
- + -

- + -

- + -

- 4+ +

- + +

- + NT

- + NT

+ - -

+ - +

NT = not tested
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disease encountered in the study population is shown in Table 1 (vii).
Amongst those patients with serum HBsAg negative cirrhosis,
serological evidence of past HBV infection was only seen in those with
cryptogenic (four of 11 tested) or alcoholic cirrhosis (two of five

tested).

Nine patients, all serum HBsAg negative but two with serological
evidence of past HBV infection, had tumour specimens available for
HBV-DNA analysis. No patient had evidence of episomal or integrated

HBV-DNA sequences.

Cause of Death, duration of survival, and prognostic factors in HCC

Thirty-three of the 46 patients diagnosed in life received
chemotherapy, usually with either doxorubicin or mitozantrone. Nine
patients (20%) were considered too ill for any form of treatment, and
only four patients (9%) were considered suitable for tumour resection.
By the end of February 1985, 37 of the 46 patients had died, six were
still alive (median duration of survival to date 60 weeks from
diagnosis, range 12-120 weeks) and three had been lost to follow-up.
The causes of death in HCC patients are listed in Table 1 (viii). The
majority of patients (20,37, 54%) died of disease progression, shown
by increasing hepatocellular failure and generalised wasting.

Thirteen patients (35%) died from variceal haemorrhage. Other causes

of death were unusual, and no patient died of tumour rupture.
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Table 1 (vii)

DISTRIBUTION OF HBV ANTIBODIES AMONGST SERUM HBsAg NEGATIVE HCC
PATIENTS.

HBV antibodies

State of non-malignant Total No No

liver in study ‘tested Present* Absent
Cryptogenic cirrhosis 13 11 4 7
Alcoholic cirrhosis 7 5 2 3
Primary biliary cirrhosis 4 4 0 4
Auto-immune type cirrhosis 3 3 0 3
Haemochromatosis 2 2 0 2
K l-antitrypsin deficiency 1 1 0 1
Normal 6 5 1 4
Not known 4 2 0 2

*anti-HBc alone or anti-HBc and anti-HBs
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Table 1 (viii)

- CAUSES OF DEATH IN HEPATOCELLULAR CARCINOMA.

Cause N %

Disease progression 20 54
Variceal haemorrhage 13 35
Treatment related 3 8
Unrelated to HCC 1 3
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The median duration of survival of all patienté diagnosed in life was
seven weeks from diagnosis (Figure 1 (i)). By using the log-rank test
to compare survival curves, the effects on survival duration of age
(greater or less than 50 years), sex, serum HBsAg, serum AFP (positive
or negative by CIEP), initial performance status (WHO grades 0 and 1 v
WHO grades 2-4) and cirrhosis were studied. Only the presence or
absence of cirrhosis (p = 0.002, Figure 1 (ii)) and initial

performance status (p = 0.0001, Figure 1 (iii)) had prognostic value.

Histopathological features

Nineteen of the 50 patients had had liver biopsies (in 13 single and
in six multiple) pre-dating the histological diagnosis of HCC. Liver
cell dysplasia was noted in the biopsies of 10 of these 19 patients
(53%) (Figure 1 (iv)). The median time interval between the
observation of liver cell dysplasia and the diagnosis of HCC was 37.5
months (range one day - 15.5 years). In the 50 liver specimens
diagnostic of HCC, non-malignant liver was also seen in 38 cases, and
of these, liver cell dysplasia was present in non-tumorous areas in 30
patients (79%). No significant differences (Yates corrected
Chi-squared test) could be found in the overall observed frequency of
liver cell dysplasia between HBsAg positive and negative patients (8/9
(89%) and 28/36 (78%) respectively) and between cirrhotic and

non-cirrhotic patients (30/39 (77%) and 4/6 (66%) respectively).

The histological patterns and cytological variants of HCC observed are
listed in Table 1 (ix). The trabecular histological form occurred in
35 of 50 patients (70%). Tumours with this pattern were usually

moderately or well diffqrentiated (Edmondson, 1958) and of the
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Figure 1 (iv)

LIVER CELL DYSPLASIA. Hepatocytes are of variable size and their
nuclei are enlarged, irregular and hyperchromatic (haematoxylin and

eosin) x 40.
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hepatocytic cytological variant. Fibrolamellar carcinoma, which has
been associated with a good prognosis (Berman et al, 1980), was seen
in only two patients, both young adults (ages 16 and 26) with
non-cirrhotic livers. Four carcinomas could not be classified. In
two the tumour specimen was either too small or too necrotic, and in
the other two patients the histological pattern observed could not be
matched with any of the categories described by Anthony (1987). One
of these tumours consisted of a mixture of hepatocellular and
duct-like elements in which the former displayed trabecular, acinar
and scirrhous areas, and in the bther tumour, trabecular, acinar and
scirrhous areas were once again noted, in a tumour specimen which was
mostly necrotic. Bile secretion, which is considered pathognomonic of
HCC (Anthony, 1987), was observed in 21 tumours (44%), the majority

(16/21) being of trabecular pattern.

DISCUSSION
This series provides the most detailed aetiological,
clinicopathological and prognostic analysis so far undertaken on

purely British HCC patients.

The male predominance and the age distribution of HCC patients is
similar to that reported from other low incidence areas (Ihdeiet al,
1974; MacSween, 1974; Johnson et al, 1978a; Chlebowski et al, 1984a)
and from recent series from the Far East (The Liver Cancer Study Group
of Japan, 1984; Lin et al, 1984), though the male:female ratio of
2.8:1 is lower than that previously reported for the U.K. (MacSween,

1974; Johnscn et al, 1978a). The cause of this difference is unclear
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and may simply reflect differing referral patterns between the
centres. It appears to be unrelated to oral contraceptive usage as
only four of the women were in the reproductive age group, and only
two had used oral contraceptives. Though HCC in low incidence areas
is often considered a tumour of older people, approximately a quarter

of British patients were under the age of 40 years at diagnosis.

The presenting symptoms of British HCC patients were similar to those
previously reported from the United Kingdom (MacSween, 1974), North
America (Chlebowski et al, 1984a), and the Far East (The Liver Cancer
Study Group of Japan, 1984; Nagasue et al, 1984). Symptoms were
generally non-specific and of little diagnostic value. However, upper
abdominal pain, particularly in the right hypochondrium, was a
presenting feature in 55% of patients, and this symptom, in an at-risk
patient, should arouse the suspicion of HCC development. Presentation
as an acute abdominal catastrophe due to tumour rupture, although
found in 10% of the South African black HCC population (Kew and
Geddes, 1982), was not observed. Hepatomegaly, ascites and jaundice
were the most common physical signs. The liver was usually very firm
and often tender, but a hepatic bruit, advocated as a common physical
sign in HCC, even in Britain (Kew et al, 1971), occurred in only 7.5%

of patients.

Clinical condition at diagnosis was often poor, and 34% of patients
were of WHO performance grade 3 or worse on presentation. Thus
British HCC patients are often diagnosed late. To prevent this, the
screening of at-risk populations for the early development of HCC is
often advocated, whether this be by serial serum AFP measurements (for

review see Warnes and Smith, 1987) or ultrasonic liver scanning
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(Shinagawa et al, 1984; Liaw et al, 1986). However, our data suggest
that screening programmes would have a limited impact on the course of
the disease in this country, as 46% of patients presented de novo with
established HCC and without previously diagnosed chronic liver
disease, and so would not have been included in any screening

programme.

Standard haematological and biochemical tests were often abnormal but
showed no specific diagnostic pattern. Para-neoplastic phenomena of
HCC (Margolis and Homcy, 1972; Kew and Dusheiko, 1981) were uncommon.
At diagnosis, serum AFP concentration was elevated in 76% and 40% of
patients respectively when measured by RIA and by the less sensitive
CIEP technique. These results are similar to those of other series
from low incidence areas (Johnson et al, 1978b; Kew and Newberne,
1982). An AFP concentration of greater than 1000 IU/ml, often
considered diagnostic of HCC (Johnson et al, 1978b), was found in 38%.
As noted previously (Melia et al, 198la), the measurement of serum CEA

was of no diagnostic help.

Hepatic angiography and CT scanning proved to be highly sensitive and
equally effective diagnostic techniques. In addition hepatic
angiography provided useful information in determining tumour
resectability and portal vein invasion by tumour, and allowed arterial
embolisation of tumour masses and hepatic arterial chemotherapy if
desired. Isotope liver scanning, as previously noted (Kew et al,
1971; Bryan et al, 1977), was less sensitive, demonstrating hepatic

filling defects in approximately 75% of patients.
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The majority of HCCs arose in a cirrhotic liver. This finding agrees
with results from other geographic regions (Kew and Popper, 1984).

The percentage observed (78% of the total series and 87% of the series
in whom the state of the underlying non-malignant liver could be fully
assessed) is similar to that previously reported for largely British
subjects (Sharpstone et al, 1972; MacSween, 1974; Johnson et al,
1978a). The most commonly observed types of cirrhosis were
cryptogenic, HBsAg positive and alcoholic. 1In each type there was a
marked male predominance (cryptogenic cirrhosis: 11 of 13; HBsAg
positive cirrhosis: nine of nine; alcoholic cirrhosis: six of seven),
and of the serum HBsAg negative types of cirrhosis, only those of
cryptogenic or alcoholic types showed serological evidence of past HBV
infection. The propensity of cryptogenic, alcoholic and serum HBSAg
positive cirrhotic patients to develop HCC is well described (MacSween
and Scott, 1973; Kew and Popper, 1984). The small number of patients
with haemochromatosis and HCC in the current study probably reflects:
the relative rarity of this condition in the Royal Free Hospital

patient population.

Approximately 20% of British HCC patients were found to have a
positive serum HBsAg, and in the remainder positive tests for HBsAb
and/or HBcAb were found in 21%. These findings are in broad agreement
with those of Bassendine et al (1979). However, in contrast to the
findings of Brechot et al (1982a, 1983b), detectable HBV-DNA
integration into the tumour cell genome of serum HBsAg negative
patients could not be found, and it is therefore difficult to
implicate the HBV in the development of tumours in this group, which

comprise the majority of British patients. As has been previously
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suggested (Fowler et al, 1986), it is possible that in these patients
HBV-DNA integration may have occurred at the onset of malignant
transformation and that subsequently integrated sequences have become
undetectable, or it may be that other factors, such as the presence of
cirrhosis per se (Kew and Popper, 1984; zaman et al, 1985; Johnson and
Williams, 1987) are linked to HCC development in these patients.
Unfortunately no tumour tissue from serum HBsAg positive cases was

available for HBV-DNA probing.

The diversity of patients with respect to age, gender, presence or
absence and type of cirrhosis, alcohol consumption, and evidence of
past or present HBV infection, emphasises the complex, multifactorial,
and probably interactive relationships involved in the aetiology and
pathogenesis of HCC, particularly in low incidence areas
(Cook-Mozaffari and van Rensbufg, 1984; Kew and Popper, 1984; Zaman et

al, 1985; Bassendine, 1987).

The median duration of survival from the time of diagnosis of HCC was
only seven weeks, emphasising the poor prognosis of this condition.
For many reasons, including differing patient characteristics and
uncertainty over whether survival times are taken from the onset of
symptoms or the time of diagnosis, an accurate comparison with other
series is difficult. However, this survival time is considerably
worse than that seen in previous series of predominantly European
(Davidson et al, 1974; Melia et al, 1984) and American (Chlebowski et
al, 1984a) patients and approaches that seen in the rural South
African black population (Kew and Geddes, 1982) and in a recent large
series of untreated patients from the Far East (Nagasue et al, 1984).

The initial poor performance status of the majority of British
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patients would seem the most likely reason for the poor survival
figures observed, as presenting performance status proved to be a very
powerful prognostic indicator of survival in this population. The
presence or absence of cirrhosis also proved to be of prognostic
importance. This confirms results from predominantly low incidence
areas (Johnson et al, 1981; Melia et al, 1984) and is in contrast with
the findings of series from high incidence areas, where cirrhosis has
little or no effect on the course of the disease (Primak et al, 1975;
Kew and Geddes, 1982; Nagasue et al, 1984). Age at diagnosis had no
effect on survival in our HCC population though it did have in other
series from similar areas (Johnson et al, 1981; Chlebowski et al,
1984a). This difference probably afises because of the larger
percentage of cirrhotic patients in the current series compared to the
others, as it seems likely that the observed improved survival in
younger patients isrexplained by the fact that tumours in this age
group are more likely to arise in a non—cirrhotic liver (Chlebowski et
al, 1984a). The presence or absence of serum HBsAg did not
significantly affect the prognosis of British patients, and this is in
agreement with studies from other regions (Chlebowski et al, 1984a;

Falkson et al, 1986).

The microscopic features of HCC were in general as described by
Anthony (1987), the majority being of the trabecular pattern. The
importance of liver cell dysplasia in the non-malignant liver remains
controversial. Though a potential pre—ﬁalignant lesion (Anthony et
al, 1973; Ho et al, 1981; Roncalli et al, 1986), its role in this
regard has been disputed (Cohen et al, 1979; Nakashina et al, 1983;
Cohen and Berson, 1986) but not resolved. The incidence of liver cell

dysplasia in the current series was surprisingly higher than that
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reported from other areas (Anthony et al, 1973; Peters, 1976; Cohen et
al, 1979; Ho et al, 1981; Nakashina et al, 1983), being 53% in those
patients with biopsies predating the diagnosis of HCC, and rising to
79% in biopsies taken at the time of HCC diagnosis. No relationship
between serum HBsAg and liver cell dysplasia could be demonstrated in
British HCC patients. Prospective controlled studies of the fate of
patients with liver cell dysplasia and no evidence of HCC development

are required.

CONCLUSIONS

HCC as seen in the United Kingdom is a disease of male predominance
with a peak incidence in the sixth decade. It usually arises in a -
cirrhotic livér; approximately 20% of all cases are associated with a

positive serum HBsAg.

HCC presents late and patients are generally in poor clinical
"condition when diagnosed. The median survival time from diagnosis of
HCC was only seven weeks. Though effective screening systems to
detect HCC at an early stage may result in more effective treatment
for some patients, our results show that almost one half of British
HCC patients present de novo with HCC and would have escaped

screening.

The role of liver cell dysplasia in hepatocarcinogenesis merits

detailed study.
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CHAPTER TWO

THE TREATMENT OF HEPATOCELLULAR CARCINOMA
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This review deals only with the specific treatment of HCC. The relief
of the symptoms of HCC is not discussed, though this is clearly an

area of great importance.

PROBLEMS IN ASSESSING HCC TREATMENTS

The accurate evaluation of clinical trials of HCC treatments is
hindered by many problems. The major drawbacks to individual studies,
particularly those from areas of low HCC incidence, are usually the
small size of the study population and the lack of untreated or other
relevant control groups. The absence of a universally agreed and
applied definition of what constitutes "response to treatﬁent" and the
pronounced geographic variation in the natural history of HCC both
combine, along with variable patient selection criteria, to render
between-trial comparisons of specific HCC therapies difficult and

unwise.

TREATMENT CHOICES IN HCC

Treatment choices may be broadly categorised as shown in Table 2 (i).
Surgical resection offers the only realistic hope of cure, other
therapies being palliative. As resection rates are generally low,
medical (cytotoxic) therapy is the backbone of treatment. Many of the
treatments listed are experimental and require much further

evaluation.
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Table 2 (i)

TREATMENT CHOICES IN HCC.

SURGICAL THERAPY

hepatic resection

hepatic transplantation

ligation of the hepatic artery or portal vein
RADIATION THERAPY

external irradiation

"internal" irradiation
CYTOTOXIC CHEMOTHERAPY

single agent

multiple agent

(intravenous or intra-arterial routes of administration?)
IMMUNOTHERAPY

levamisole

interferons

anti-HCC antibodies

lymphokine-activated killer cells
HORMONAL THERAPY

tamoxifen

cyproterone
progestins

COMBINATION THERAPIES
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THE SURGICAL TREATMENT OF HCC

Surgical resection in HCC is traditionally felt possible only when the
tumour is confined to one liver lobe, does not involve major vascular
structures, and arises in a non-cirrhotic liver. Some surgeons
nowadays will however attempt curative resection in cirrhotic patients
if liver function is good (Lee et al, 1982; Li et al, 1985; Bismuth et
al, 1986; Kinami et al, 1986), and in highly selected non-cirrhotic
patients, specialist hepato-biliary surgeons may achieve apparently
curative resections even in those with extensive tumours invading

large blood vessels (§gteide et al, 1985).

Resectability rates vary from one geographic region to another.
Resectable tumours are found in less than 5% of black Africans with :
HCC (Harrison et al, 1973; Kew, 1982), whereas in Japanese patients,
resection rates are substantially higher and appear to be rising,
probably mainly because HCC is being diagnosed earlier in its natural
history by screening tests. Between 1968 and 1977 the Japanese Liver
Cancer Study Group.reported a resection rate of 11.9% in 2411 patients
(Okuda et al, 1980), and for the period 1978 to 1979 this figure had
risen to 26.6% (Tobe et al, 1982). In these studies patients with
resectable tumours had one and five year survival rates of 33% and 12%
respectively, and Okuda et al (1984) have recently reported a one year
survival rate of 62% for resectable patients, this figure being
significantly better than that achieved by comparable medically
treated patients. In China, similar one year survival rates are being
reported (Li et al, 1985), and resection rates of 60% have been
reported in patients with sub-clinical HCC detected by screening, with
five year survival rates of over 70% in resected patients with

sub-clinical disease (Tang, 1985). 1In the West, resection rates are
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variably reported. In the older literature, resection rates of less
than 5% are generally reported (Longmire et al, 1966; Bengmark et al,
1971; Linder et al, 1974), though in highly selected groups resection
rates of 23% have been reported (Mabogunje et al, 1975). More
recently Lim and Bongard (1984) have reported a 25% resection rate in
86 patients, predominantly Chinese Americans, though in a series of 46
British patients seen at the Royal Free Hospital, London between 1978
and 1984, the resection rate was only 9% (see Chapter 1). This
disappointing figure may reflect a referral bias in the population
studied. Table 2(ii) summarises the results of several recent series

dealing with hepatic resection in HCC.

In several centres orthotopic liver transplantation has been performed
on patients considered unsuitable for hepatic resection, either
because of poor liver function or because of widespread involvement of
the liver by tumour. Such patients must satisfy the usual criteria of
suitability for hepatic transplantation (van Thiel et al, 1984) as
well as have no tumour invasion of major blood vessels and no
extrahepatic spread of tumour. In those centres where transplantation
is available, the few results to date suggest that it may have a
palliative role in HCC treatment (Rolles et al, 1984; Pichlmayer et
al, 1984). 1In Rolles’ series (1984), 32 of 40 patients with primary
hepatic tumours survived for greater than 12 months post
transplantation. Long-term survivors and apparent cures have been
seen at other centres (Pichlmayer et al, 1984; Krom et al, 1984), and
Scharschmidt (1984), reporting the combined experience of four
centres, found a 26% one year survival rate in a group of 139 patients
transplanted for hepatic malignancy, 62% of whom had HCC. Tumour

recurrence is a major problem in long-term survivors and in the
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Cambridge/King’s College Hospital experience has occurred in 38% of
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