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response curves for climacteric symptoms, gonadotrophin release
from the pituitary, and bone resorption are all congruent. This
equivalence adds weight to our previous studies which suggested
that the action of oestrogen on bone is a difect receptor mediated
response similar to that underlying the reduction in follicle stimu-
lating hormone and not an indirect action via altered concentration
of the calcitropic hormones, which might be expected to produce
different dose response characteristics.90'

It is clear from these results that there is little to be gained from
using doses ofoestrogen above that which gives an effect equivalent
to that produced by a plasma oestradiol concentration of 1-50 pmolIl
(41 pg/ml). Indeed, any substantial increase in dose above this level
is likely to increase adverse reactions without clinical benefit.
Anmong these is the excessive suppression of bone rembdelling,'
which is probably essential for the maintenance of healthy bone.

We are gratfl to Dr C Chapman for the measurement of plasma folicle
stimulating hormone and Dr R E Oakey for the measurement of plasma
oestradiol.
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Hepatoceliular carcinoma in urban born blacks: frequency and
relation to hepatitis B virus infection

M C KEW, C KASSIANIDES, J HODKINSON, A COPPIN, A C PATERSON

Abstract

Chronic hepatitis B virus infection is far less common in urban
born than in rural born southern African,blacks, who also have a
high incidence-ofhepatocellular carcinoma. A case-control study
was carried out to determine the relative frequency of hepato-
cellular carcinoma and its relation to hepatitis B virus infection in
urban born blacks. Three hundred and ninety two black patients
with hepatocellular carcinoma and matched controls seen at two
city hospitals were classified by questioning as urban born or
rural born. The ratio of rural born to urban born blacks among
the controls was 1-1:1-0 (207/185), whereas in the patients with
cancer the ratio was 4-8:1-0(324/68) (p<O0001). Analysis of the
prevalence of hepatitis B markers in 62 urban born and matched
rural born blacks with hepatoceliular carcinoma showed no
diffetences in the frequency of current-or past hepatitis B virus
infection.

It is concluded that urban born blacks are less likely than rural
born blacks to develop hepatoceilular carcinoma, but when they
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do the tumour is equally likely to be related to infection with
hepatitis B virus. The findings lend further support to an
important role for chronic hepatitis B virus infection in the
aetiology of.hepatocellular carcinoma.

Introduction

Both chronic hepatitis B virus infection'3 and hepatocellular
carcinoma45 are common in blacks born in rural areas of southern
Africa. Rates of carriage ofhepatitis B virus ofup to 20% have been
recorded in tural blacks.'3 The infection is almost always acquired
in early childhiood, predominantly as a result of horizontal trans-
mission. I Rural blacks develop hepatocellular carcinoma while
relatively young67 and have age standardised frequency rates which
may be as high as 104/100000 yearly.4 Almost all of these patients
show serological markers of current or past hepatitis B virus
infection.8 Nothing is yet known about either the incidence of
hepatocellular carcinoma or its relation to chronic hepatitis B virus
infection in blacks who are born and grow up inan urban
environment. We, however, have recently shown that urban black
children have a catriage rate of hepatitis B virus of only 1%-9
If..chronic inf ction with this virus is proved to be a main
cause of hepatocellular carcinoma-and published evidence is
persuasive'0 " then the incidence of this tumour in blacks born in
urban areas should be appreciably lower than that in blacks born
and growing up in rural areas. We have therefore carried out a
case-control study to determne the frequency of hepatocellular
carcinoma in blacks born and living in an urban environment and to
investigate the hepatitis B virus state of these patients.

Subjects and methods
Case-contol sAdy-The case-control study comprised 392 urban but

otherwise unselected southern African blacks with histologically proved
hepatocellular carcinoma and 392 matched controls. "Urban" blacks were

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.293.6558.1339 on 22 N

ovem
ber 1986. D

ow
nloaded from

 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL VOLUME 293 22 NOVEMBER 1986

defined as those who had been living in an urban environment for at least the
past two years. The patients with hepatocellular carcinoma were seen
prospectively in the medical and surgical wards of two large general
hospitals-Baragwanath Hospital, which is situated in Soweto 12 miles (19
km) to the south west of Johannesburg, and Hillbrow Hospital, which is
located in central Johannesburg. The controls were matched with the
patients with hepatocellular carcinoma for race, sex, age, hospital, ward,
and, when possible, tribe. The patients ranged in age from 7 to 87 years
(mean 49-3); 330 were male (mean age 50 3 years) and 62 female (mean age
44 3 years), giving a sex ratio of 5 3:1-0. In each case the patients and
matched controls were questioned by one of us about their place of birth,
where they grew up and attended school, and, in the case of rural born
blacks, at what age they came to the city. On the basis of their answers the

TABLE I-Case-control study: comparison between patients with hepatocellular
carcinoma and matched controls with respect to urban or rural place of birth

Patients with
Controls hepatocellular carcinoma

Rural Urban Ratio Rural Urban Ratio Significance

Malepatients(n=330) 176 154 1 1:10 281 49 5-7:1-0 p<0-0001
Femalepatients(n=62) 31 31 1-0:1-0 43 19 2-3:1-0 p<005

Total(n=392) 207 185 1-1:1-0 324 68 4-8:1-0 p<0-0001

TABLE II-Tribal distribution of southern African
blacks with hepatocellular carcinoma and matched
controls

No (%) of patients
with hepatocellular No (%) of

Tribe carcinoma controls

Zulu 91(23-2) 101 (25-8)
Sotho 70 (17-9) 100 (25-5)*
Xhosa 71(18-1) 43(11-0)**
Shangaan 38(9-7) 29(7-4)
Tswana 36 (9-2) 42 (10-7)
Venda 24(6-1) 13(3-3)
Mpedi 23 (5-9) 17 (4-3)
Swazi 21 (5-4) 27 (6-9)
Others 18(46) 20(5-1)

Total 392 (100-0) 392 (100-0)

*p<0-05. **p<-O0l.

patients and controls were classified as urban born or rural born. Without
exception the blacks born in rural areas had migrated to the city during late
adolescence or adulthood. Those patients with hepatocellular carcinoma
who had come to Soweto or Johannesburg for the express purpose of
receiving medical attention or had been living in the city for less than two
years were excluded from the analysis.

Hepatitis B virus states of urban born blacks-Serological markers of
hepatitis B virus infection in 62 of the urban born blacks with hepatocellular
carcinoma were compared with those of62 matched rural born patients with
hepatocellular carcinoma and 62 matched urban born subjects admitted to
hospital for diseases other than hepatocellular carcinoma. The urban born
and rural born patients with hepatocellular carcinoma were matched for
race, sex, age, and, when possible, tribe; the urban born patients with
hepatocellular carcinoma and the controls were, in addition, matched for
hospital and ward. The matched groups each comprised 41 male and 21
female patients with an age range of 7 to 74 years (mean 45 2). The tribal
distribution was similar in the two groups of patients and controls. Hepatitis
B surface antigen (HBsAg) and antibody (anti-HBs) and antibody against
hepatitis B core antigen (anti-HBc) were measured by double antibody
radioimmunoassay (Ausria II, Ausab, and Corab, respectively; Abbott
Laboratories, Chicago).

Statistical analysis was by x2 and Student's t tests.

Results

Case-control study-The ratio of rural born to urban born patients with
hepatocellular carcinoma differed significantly between the sexes (male

patients 5-7:1-0, female patients 2-3:1-0; p<0-01) (table I). The sex
distribution of rural born male and female patients with hepatocellular
carcinoma was 6-5:1 0 and of urban born male and female patients 2-6:1 0;
this difference was significant (p<0-01). Urban born male patients with
hepatocellular carcinoma were significantly younger than rural born male
patients with the disease (mean 46-7 (SD 16-3) and 50 9 (14-4) years,
respectively; p<005), and the same was true in the female patients (38-7
(SD 19-1) and 47 9 (14-6) years, respectively; p<005). In many cases we
could not match the patients with hepatocellular carcinoma and controls by
tribe. Nevertheless, aside from more Xhosas and fewer Sothos being
represented among the patients with hepatocellular carcinoma than the
controls the tribal distribution of the two populations was similar (table II).

HepatitisB virus state ofurban born blacks-Table III shows the hepatitis B
virus state of the rural born and urban born patients with hepatocellular
carcinoma and matched controls. In brief, evidence of current hepatitis B
virus infection (presence of HBsAg), past hepatitis B virus infection
(presence of anti-HBc or anti-HBs, or both), total hepatitis B virus markers,
and no hepatitis B virus markers occurred equally often in urban born and
rural born patients with hepatocellular carcinoma. Urban born patients had
markers of current hepatitis B virus infection and total hepatitis B virus
markers significantly more often than the controls. The frequency of past
hepatitis B virus infection was similar in urban born patients and urban born
controls.

TABLE III-Markers of current or past hepatitis B virus infection in urban born black
patients with hepatocellular carcinoma in comparison with matched rural born patients
and matched controls

No (%) of patients with
hepatocellular carcinoma

No (%) of
controls Urban Rural

HBsAg 2/62 (32) 25/62 (40 3) 29/62 (46-8)

Anti-HBc positive or anti-
HBs without HBsAg 32/62 (51-6)

Total hepatitis B markers 34/62 (54-8)
No hepatitis B markers 28/62 (45-2)

p<O-001

29/61 (47-5)
NS

54/61 (88-5)
7/61 (11-5)

p<0-001

NS

25/62 (40 3)
NS

54/62 (87-1)
8/62 (12-9)

NS

Discussion

No epidemiological or necropsy analysis of the incidence of
hepatocellular carcinoma in southern African blacks has included
detailed information on the place of birth and subsequent geo-
graphical movements of patients, and the necropsy forms in current
use do not include this information. Nor is there at present a local
cancer registry ofpatients with hepatocellular carcinoma. Published
incidence data45 are based mainly on rural blacks. Even when urban
populations have been analysed the samples were composed largely
of blacks who had been born in rural districts and had migrated to
the cities in late adolescence or adulthood or who had come to the
city with the express purpose of seeking medical attention.
Consequently no reliable information is available about the inci-
dence of the tumour in blacks born in urban areas. Our case-control
study was aimed at providing these data.

Patients with hepatocellular carcinoma included in the investi-
gation were seen prospectively at two large general hospitals and the
matched controls were drawn from the same hospitals. With very
few exceptions, all black people living in Soweto or Johannesburg
who need hospital care are admitted to one or other of these
hospitals (until recently there were no private hospitals in Soweto,
and even now there are very few private facilities for black patients).
By determining the overall ratio ofurban born to rural born patients
at these two hospitals and comparing it with the ratio among
patients with hepatocellular carcinoma it may be possible to draw
inferences about the relative frequency of the tumour among urban
born and rural born blacks. The ratio of urban born to rural born
blacks living in Soweto and Johannesburg is extremely difficult to
determine, mainly because, though the population of Soweto is
officially just over two million, in reality it is nearer four million.
From our findings we infer that southern African blacks who are

born and grow up in an urban environment have an appreciably
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lower frequency of hepatocellular carcinoma than rural born
blacks (p<OOOOl). An urban-rural difference of this order in the
frequency of hepatocellular carcnoma may provide valuable clues
about the aetiology and pathogenesis of the tumour. Urban born
blacks have recently been shown to have a far lower carriage rate of
hepatitis B virus than blacks born in rural areas.39 There is already
considerable epidemiological and molecular biological evidence
that the virus has a pivotal aetiological role in hepatocellular
carcinoma.'0I' Finding that a change in prevalence of chronic
hepatitis B virus infection in a population is paralleled by a change in
the frequency of hepatocellular carcinoma in that population
provides further evidence for this causal association. With the
accelerating rate of urbanisation of black people of southern Afica
during tbe past few decades the existing high rate of chronic
hepatitis B virus infection in blacks may be expected substantially to
decline, even in the absence of a vaccination programme. Our
findings suggest that the latter will be followed, after an appropriate
interval, by a significant decrease in the incidence of hepatocellular
carcinoma.
The hepatitis B virus state of rural born blacks with hepato-

cellular carcinoma (whether they remain in a rural environment or
subsequently move to the cities) has been well documented.7 12 This
information, however, has not been available for blacks born in
urban areas. Our study has shown that urban born blacks with
hepatocellular carcinoma have the same prevalnce of current and
past infection with hepatitis B virus as matched rural born blacks
with this tumour. Thus, though urban born blacks are at a lower
risk of developing hepatocellular carcinoma than their rural born
counterparts, when they do develop the tumour itisequally likel to
be related to hepatitis B virus infection. As expected from previous
investigations,"2 both urban born and rural born blacks with
hepatocellular carcinoma had a verymuch higher rate ofcurrent and
total hepatitis B virus infection than matchcd conurols-(p<Q 001).
The rate ofpast exposure to the virus was the same in theurban born
patients and urban born controls. This finding tooisin keeping with
previous studies in rural blacks."-' With a large-endemic pool of
hepatitis B virus carriers, exposure to the virus is very common and
a large proportion of the population would. be expected to show
serological evidence of past infection. What distinguishes patients
with hepatocellular carcinoma from the others is that they become
infected in the early months oflife and, for reasons which haveyet to
be clarifed, become carriers. With the passage oftime some patients
may succeed in clearing HBsAg from their serum and becoming
anti-HBs positive, but by then hepatitis B virus deoxyribonucleic
acid has become integrated into the human genome, setting the
stage for subsequent malignant transformation.

Hepatitis B virus vaccines are currently being administered to
newly born infants in those parts of the world where chronic
hepatitis B virus infection and hepatocellular carcinoma are
endemic. Though the immunogenicity of these vaccines and their
efficacy in preventing hepatitis B virus infection-have been estab-
lished, many years will inevitably have to elapse before it will be
possible 'to determine whether the vaccination programme will
reduce the incidence of hepatocellular carcinoma. In the mean time
the observation that a decrease in the hepatitis B virus carrier rate
consequent on urbanisation is accompanied by a fall in the
frequency of hepatocellular carcinoma gives cause for optimism.
The discrepancy in the frequency of hepatocellular carcinoma

between rural born and urban born blacks was far greater in male
than in female patients (5-7:1-0 v 2-3:1-0). Arguably this pheno-
menon may be explained by a greater propensity of men than
women to migrate to the cities. Nevertheless, there is no discrepancy
in hepatitis B virus carrier rates between rural born and urban born
men and women (1 8:1 0 v 2-5:1-0),'39 and the sex ratio ofthe rural
born male and female patients with hepatocelhllar carcinoma in our
analysis (6-5:1-0) is not dissimilar from that recorded in rural
areas (5-0-6-0:1-0).' Given that chronic hepatitis B virus infection
has an equally important aetiological role in both populations, a
possible explanation for this difference is that one or more
cocarcinogens are present in the rural environment which affect
men to a greater extent than women-for instance, a naturally
occurring dietary carcinogen, such as aflatoxin, which would affect

men more than women because of their greater food intake or
because of differences in the metabolic handling of the substance.
There is other epidemiological evidence compatible with a role of a
cocarcinogen in the aetiology and pathogenesis of hepatocellular
carcinoma. Firstly, the tumour is five or six times more common in
black men than women,' whereas chronic hepatitis B virus infection
is only one. and a half times to twice as common in .

incidence of hepatocellular carcinoma decreases5 and the tumour
presents at an older age when blacks born in rul areas become
urbanised.'2 This occurs despite the prevalence of hepatitis B virus
infection in the two populations being the same'2 and suggests that
blacks who become urbanised "escape" from a potent rural
environmental cocarcmogen.

Ifrural born blacks who are carriers ofhepatitis B virus and either
have or wil develop hepatocellular carcinoma are more likely, for
any reason, to migrate to the cities, this could distort the findings in
the present analysis. The prognosis-of hepatocellular carcinoma mn
rural southien AfricaA blacks; is so grave, however (the mean
survivaltime from the onset of symptoms is only 11 weeks), that
patients'afreidy having hepatocellular carcinoma, whether related
to hepatitis B virusinfection or not, would not survive the two years
after urbanisation required for inclusion in the study. Because most
black carriers of hepatitis B virius are asymptomatic and unaware of
their camrrer state (facilities for testingfor HBsAg are not available in
the rural areas bt southern Africa)- there is no reason why they
should be more likely than'non-carriers- to migrate to an urban
environment.
Why urban born-black patents are younger than rural born

blacks'who later become utbanise remains to'bte lained. In
industrialised countrimhpatclula carcnoma is ivelymore
common in youger than' in' older women.'3 The use of oral
contraceptive steroids'4 and the propensity for the fibrolamellar
variant of hepatocellular carcinoma to occur particularly in younig
women's may be important in this regard. Possibly urban born
women are more likely than rural born women who become
urbanised to use oral contraceptives, but this remains: to be
determined, and no formal analysis of oral contraceptive usage was
undertaken in this study. Fibrolam hepatocellular carcinoma
has this far notbeen seen im-South African blacks."

This work was supportd by grants from the Poliomyeitis Resarch
Foundatioand the StandardBatik (South Africa).
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