
AFLATOXIN AND LIVER CANCER IN CHINA

to this recommended intake, about one-half of the population
consume more. If this extra dietary protein were to be plant
protein consumed as part of a simple diet (that is, a diet with
little food variety), its adverse effects on PLC mortality likely
would be limited; however, if the extra protein were to be
obtained even from small additions of animal protein, measur
able risk for PLC mortality may occur.

The finding of a nonassociation between aflatoxin intake and
PLC mortality, which contrasts with the results of many pre
vious studies, is provocative. An explanation of this difference
may be considered from several points of view. First, Chinese
might respond differently to aflatoxin, perhaps because of
unique genetic or environmental characteristics. While this
explanation never can be fully discarded, very likely it is quite
untenable, first, because some of the previous data interpreted
as showing a positive association between aflatoxin intake and
PLC mortality were based on investigations of Chinese subjects
(18, 26) and, second, because major ethnic differences in risk
for other cancers are greatly reduced or eliminated after migra
tion to new environments.

A second argument could be that the null effect in this study
may have occurred because measurement of aflatoxin exposure
during the survey period was not representative of past intakes
when the cancers were forming. Although this possibility cannot
be discounted, it should be remembered that a similar limitation
also existed for all previous studies used to justify aflatoxin as
a human carcinogen, especially those which relied on aflatoxin
analysis of marketplace samples and use of food disappearance
records. In fact, in this study in China, aflatoxin exposure very
likely is more reliable because of the analysis of urinary afla
toxin metabolite excretion which directly represents and inte
grates over a day or so actual consumption. Moreover, aflatoxin
contamination rates in a county in the Guangxi Autonomous
Region were relatively stable during the years 1972-1983 (see
above). In a study documenting long-term aflatoxin exposure
in the United States, no association with PLC was observed
(23).

A third interpretation of these data suggests that aflatoxin
may not be a significant human carcinogen. Three types of
evidence support this view. First, the statistical power and more
comprehensive range, diversity, and inclusiveness of risk factors
available in this study far surpasses not only similar features of
previous individual cross-sectional studies but also substantially
surpasses their combined experimental features (Table 5). Sec
ond, the data from this study in China, which corresponds with
laboratory animal observations, may be explained by a biolog
ically plausible hypothesis. And third, these data suggest human
resistance to this animal carcinogen, a finding which is sup
ported by in vitro aflat ox in studies on species of varying resist
ance (72-74). Also, humans may be further refractory when
consuming lower protein diets. [Incidentally, inhibition of af-
latoxin-induced liver cancer with consumption of low protein
diets should not be confused with an enhancement of aflatoxin-
induced acute toxicity (75). Under these conditions of low
protein feeding, it has been hypothesized that there is an accu
mulation of unmetabolized parent compound which inhibits
cell respiration to cause cell death (76), a hypothesis which is
also supported by the reports of acute toxicity in protein-
malnourished children fed aflatoxin-contaminated foods (77).]

Although it might be argued that the China data are more
convincing because of the supporting experimental animal and
biochemical evidence concerning the effects of nutrition and
natural species resistance and because of the considerable ad

vantage in experimental parameters, such a conclusion is not
fully satisfying. Even if the previous studies were much more
limited in experimental design features, positive aflatoxin-PLC
associations nonetheless were reported and must be explained.

In an attempt to provide an explanation for these differing
results, we offer the following review of interpretations given
to previous investigations and reviews, particularly the conclu
sions drawn by the 1987 IARC report (5). Unfortunately,
several misinterpretations and misstatements of fact were found
in this 1987 IARC report (5) and some of these were noted
earlier. These shortcomings, alone, cast doubt on the revised
conclusion that there was sufficient evidence to conclude afla
toxin human carcinogenicity.

The most compelling evidence in favor of aflatoxin human
carcinogenicity is the high correlation obtained [r = 0.88, (53)]
for aflatoxin intake and PLC mortality when the results from
the first five studies of Table 5 are combined. Such a correlation
is impressive, especially when considering the rather severe
experimental limitations of the individual studies. One of the
more severe limitations noted by others (10, 78) is the absence
of data concerning HBV infectivity; none of these studies
obtained this information, although one (51) provided compli
mentary data only in retrospect (57). If an independent aflatoxin
effect is hypothesized, as suggested by the data, then it is
necessary to assume, among other assumptions, that HBsAg+
prevalence is relatively constant among the 17 survey sites of
these studies (that is, if this virus is to be considered an
important risk factor). This assumption seems unlikely. For
example, later studies in these same regions showed that
HBsAg+ carrier prevalence rates were quite variable, being 5-
23% in Kenya (12) and 5-35% in Swaziland (19) which are
similar to the 1-28% range observed by us in China (27).
Variation of this magnitude offers the very real possibility that
the observed aflatoxin effect may be attributed to HBsAg+
carrier prevalence, especially when this variation was reported
for the same survey regions which supplied data points for the
combined regression. Furthermore, our calculation indeed
shows that, in the study of Peers et al. (19), aflatoxin intake
and HBsAg+ prevalence are significantly correlated (r = 0.73,
P < 0.05). The study of Yeh et al. (26) of four sites in Guangxi,
China, is the only report showing an aflatoxin effect on PLC
risk in the presence of a reasonably constant HBsAg+ carrier
prevalence (21.6-24.8%). However, these prevalence data con
trast with those of Chen et al. (27) who included four counties
in the same Guangxi Autonomous Region and found variable
prevalence rates of 8-23% (50 subjects/county, 50% of each
sex) (indeed, one county, Fusui, was included in both studies,
with a 23% prevalence of HBsAg+ in both investigations). In
summary, considerable variation in HBsAg-t- prevalence rates

are likely to occur both in Africa and southeast China, and
furthermore, these rates may correlate with aflatoxin intake
( 19), thus confounding observed relationships between aflatoxin
and PLC.

In the earlier studies published prior to the 1987 IARC report
(5), numerous other shortcomings (crude estimates of aflatoxin
intake, disease diagnosis errors, incomparable population bases,
etc.) have been noted by other commentators (10, 78) but errors
of this type should not negate the aflatoxin-PLC correlations
observed; such shortcomings would only add "noise" to the

analysis. Another explanation of the observed aflatoxin effect
is the possibility that aflatoxin exposure is a surrogate meas
urement for the presence of other unmeasured risk factors,
including, for example, alcohol, cadmium, and plasma choles-
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terol or its dietary determinants, as illustrated in the China data
base. Surrogate representation, however, would require rela
tively constant exposure to these unknown factors among these
various studies.

An analysis of these data reported here would not be complete
without careful comparison with three recent studies (12, 19,
26) each of which was cross-sectional in design and each of
which included simultaneous measurement of PLC mortality,
HBsAg+ carrier rates, and aflatoxin exposure. One study (19)
was cited by the 1987 IARC report (5) and one (26) is being
considered by current committees (United States Food and
Drug Administration, California Proposition 65 Risk Assess
ment Committee, and industry groups) as a very important
adjunct to the 1987 IARC report (5). Aflatoxin exposure was
associated with PLC mortality in the studies of Yeh et al. (26)
and Peers et al. (19) but not in the study of Autrup et al. (12)
(except a smaller indeterminant subset of the population). Com
parisons of a few statistical parameters for these studies are
shown in Table 6. HBsAg-l- carrier rates for males were com
parable for Yeh et al. (19.5-24.8%) and Peers et al. (20-35%),
both being somewhat higher than Autrup et al. (5%-23%). The
studies of Yeh et al. (26) and Peers et al. (19) afford the most
appropriate comparison, both because of comparable mean
HBsAg+ prevalence and because both studies observed a highly
significant aflatoxin effect. However, in other ways, the results
of these two studies were inconsistent as illustrated by compar
ison of the respective regression equations (Table 6). Although
the slope coefficients (0.15 and 0.12) were reasonably similar,
the intercepts (mortality rates in absence of aflatoxin exposure)
were markedly different. The most likely explanation might be
that the mean HBsAg+ carrier rates were much higher in the
study by Yeh et al. (26), but this does not appear to be true; if
anything, the rates actually measured are lower than those of
Peers et al. (19). Thus, there appears to be a major discrepancy
in PLC rates between southern China and east Africa (i.e.,
different intercepts) that cannot be attributed either to a differ
ence in the observed HBsAg+ prevalence or to a difference in
aflatoxin exposure. Another discrepancy apparent from a com
parison of these studies is the findings of Peers et al. (19) who
observed a significant HBsAg+ effect on PLC mortality; in

contrast, Yeh et al. (26) saw no HBsAg-l- effect in the cross-

sectional analysis, although they did observe a highly significant
effect when comparing cases and controls within their cohort.
And finally, the combined data of the previous cross-sectional
studies (pre-1987 IARC report) exhibit a somewhat similar
intercept to that of Peers et al. (19); in fact, these combined
data (17 points) include 4 survey sites representing the 10
subregions included in the later Peers et al. ( 19) study. However,
the slope constant of the combined studies is nearly triple the
slope constant for the study by Peers et al. (19).

The third recent study was that by Autrup et al. (12) who
found no aflatoxin effect on PLC incidence rates when all
ethnic, social, and cultural groups were included in the analysis
(our calculation of the correlation coefficients for males and
females actually showed inverse associations, â€”0.40and â€”0.35,
respectively), but a significant positive association was noted
when the analysis was limited to the Bantu people (no data
were given on the apparently small number of these people).
Not only was there no aflatoxin effect in this study (12) but
also there was no HBsAg-l- effect.

When all previous studies, before and after the 1987 IARC
report (5), are considered, there is substantial uncertainty con
cerning the role of aflatoxin in the etiology of human PLC. At
a minimum, we believe that it is definitely not possible to
conclude that there is sufficient evidence for human carcinogen-
icity (5), particularly because the criteria of "chance, bias and
confounding" cannot "be ruled out with reasonable confidence"

as required by the IARC guidelines (5). Also adding doubt on
the sufficiency of evidence are the observations, first, that the
human species is highly resistant when compared in vitro to
other species (72-74) and, second, that the dose-response rela
tionship between aflatoxin exposure and PLC rates reported
for humans is asymptotic to an upper PLC limit (concave
downward) which is opposite to that observed for the relation
ship between aflatoxin and putatively preneoplastic liver lesions
in experimental animals (concave upward) (68).

Comparison of these previous studies illustrates serious dif
ficulties of interpretation which are not easily resolved and no
new information concerning causality is apparent. In contrast,
the study by Chen et al. (27) indicates highly significant risk

Table 6 Statistical parameters" and results of three comparable studies on aflatoxin exposure, HBsAg+ carrier rate and PLC mortality

Correlationcoefficients*StudyPeers

et al. (I987)f
Autrup et al. (1987)'

M
F

Yeh Ã©tal.(1989)Â«
Combined data (Table 5)*No.

of
sites108

8
517AF

vs.PLC0.84J-0.40(NS)

-0.35 (NS)
0.996''
0.85'HBsAg+

vs.
PLC0.73'0.17(NS)

0.49(NS)
0.28(NS)AFvs.

HBsAg+0.73'0.23(NS)

-0.46 (NS)
O.OO(NS)Regression

equationPLC
= 4.1 +0.12AFPLC

= 3.7 - 0.05 AF
PLC= 1.2-0.03 AF
PLC= 159 + 0.15 AF
PLC = 8.7 + 0.32 AF

Â°All parameters calculated from data in original papers.
* AF, aflatoxin; NS. not significant (P > 0.05).
c Original 5-year PLC incidence rates for mÃ¢les,annulized and truncated for Ã¢ges15-64 years. Aflatoxin exposure measured as /jg/person/day converted to ng/kg

body weight/day assuming 70 kg body weight.
'/>
' P < 0.05.
' Original PLC incidence rates converted to truncated rates for ages 15+ years; rates in Table 5 of Autrup et al. (12) divided by 0.61 to account for 39% of total

population <1 5 years (based on demographic distribution for Senegal as a representative rural country (41) and assuming no PLC cases <1 5 years). Aflatoxin-guanine
adduci in urine assumed to be 1% of aflatoxin intake by Autrup et al. (12).

' PLC incidence rates reported for males aged 25-64 years. Aflatoxin exposure of mg/person/day converted to ng/kg body weight/day assuming 49 kg body weight
[recorded in same area by Chen et al. (27)]. Aflatoxin data not available for one site.

* No HBsAg+ data available. Originally published mortality rates made equivalent as follows: Shank et al. (50), original rates (all ages, both sexes) converted to

truncated rates for 15+ years, assuming 4; 1 male:female PLC incidence ratio, 1:1 sex distribution: and age distribution of Senegal (41) as representative of a rural
developing country: Peers et al. (22), original rates (all ages, males only, ages 15+ years) used directly from Table 5: Peers et al. (51), original rates (all ages, males
only, ages 15+ years), used directly from Table 4; Van Rensburg et al. (53), original rates (all ages, males only) converted to truncated rates, 15+ years, using Senegal
(41) age distribution.

!P< 0.001.
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attribution for HBsAg+ prevalence and dietary/nutritional de
terminants of plasma cholesterol. To further advance this re
search, analytical cohort studies of individuals are needed that
permit simultaneous analysis of as many potential risk factors
as possible. Presently, the IARC (79) is carrying out such a
study in Thailand among 3000 HBsAg+ carriers with the stated
intention to measure several factors possibly associated with
PLC risk. This study also offers the advantage that aflatoxin
exposure will be estimated by measurement of circulating
plasma levels of aflatoxin-albumin adducts which integrates
aflatoxin intake over a period of time even longer than that
used in the China study reported here. These results are eagerly
awaited.

In view of the comprehensive and reliable nature of the China
data, we propose the following model to explain the etiology of
PLC. For a given population, the vast majority of individuals
who are susceptible to PLC are mostly limited to those who
remain persistently infected with HBV, a conclusion drawn
from the extraordinary PLC risk observed for HBsAg+ carriers
(16). Thus, the first approximation of population risk of PLC
is the prevalence of HBsAg+ carriers. Then, within the
HBsAg-l- carrier population, additional risk is contributed

chiefly by nutritional and dietary practices that enhance liver
cell proliferation, such as with diets containing significant
amounts of animal protein. In contrast, aflatoxin contributes
little or no PLC risk. Even though aflatoxin may act as a
carcinogenic initiator, undoubtedly it contributes only a very
small proportion of the initiating activity routinely exposing
the liver. Innumerable dietary constituents, upon metabolic
activation (mostly in the liver itself), may be genotoxic (80).
Even modestly small amounts of these substances should be
able to cause enough initiation for tumor occurrence provided
that, subsequently, there is adequate nutrient activity to cause
liver cell proliferation. The HBV virion also may be capable of
causing initiation through insertion of its DNA into liver cell
DNA(81).

This model suggests that HBsAg+ positivity is a necessary
but insufficient cause of PLC, that aflatoxin is an unnecessary
and insufficient cause, and that sustained nourishment causing
liver cell proliferation (and elevated plasma cholesterol) is a
necessary and insufficient cause for HBsAg negative carriers
but a necessary and sufficient cause for HBsAg+ carriers. Thus,
PLC may occur among HBsAg+ carriers consuming no afla
toxin but sufficient amounts of a nutrient-dense diet that stim
ulates liver cell proliferation. There is also the possibility that
such a diet first could stimulate replication of the incubating
virus which then causes liver cell proliferation.6

An obvious question concerning the effect of "enriched"

nutrition upon PLC etiology is: why is this disease so much
more common in undernourished and impoverished societies?
According to this model, PLC is more common because
HBsAg+ carriers are more common, not because undernourish
ment is more common. Then, among the HBsAg+ carrier
population, there is additional risk for those who consume
significant amounts of dietary constituents, such as animal
protein, that encourage liver cell proliferation. Even though,
within these societies, a large number of people consume nutri
tionally poor diets containing minimal food variety and little
or no animal protein, enough of the HBsAg+ carriers still
consume enough animal protein (or total mixed protein and
companion nutrients) to elevate plasma cholesterol, induce liver

6 S. Broder, personal suggestion.

cell proliferation, and promote tumor development. HBsAg+
carriers are likely to be particularly vulnerable to PLC even
with modest nutritional enrichment. For aflatoxin to contribute
significant risk, consumption must be high enough and pro
longed enough to cause significant liver cell proliferation.

These hypothesized relationships suggest that, in addition to
the HBsAg+ carrier rate, the level of animal protein intake or
similar nourishment would be the next most important deter
minant of PLC risk. This would be indicated by increasing
prevalence of PLC among HBsAg+ carriers who consume
increasing amounts of animal protein. Some evidence for this
relationship is indicated by a crude comparison of PLC preva
lence among HBsAg-l- carriers in Swaziland [estimated 1.8%

prevalence with negligible intake of animal protein, as indicated
in report of Peers et al. (19)], China [16% prevalence with low
but significant animal protein intake (27)], and Taiwan [40-
50% prevalence (16) with medium animal protein intake (82)].

This model emphasizes (a) the role of liver cell proliferation
in tumor development, recently emphasized by others (83, 84),
(Â¿>)the abundance of dietary constituents capable of causing
liver cell initiation (80), (c) the great risk for PLC among
HBsAg-l- carriers (14), and (d) the ability of animal protein

(perhaps also other nutrients) to modulate tumor occurrence
(even after relatively modest initiation may have occurred).

This model is not unlike that observed for alcoholics who
incur a higher risk for liver cancer after withdrawal of alcohol
than before. Lee (85), for example, concluded from his results
that after "liver disease is established (as with alcohol), and

with the substitution of a nutritious diet and a reduced alcohol
intake, circumstances may be more favourable for the develop
ment of hepatoma." Accordingly, with HBV infection, if im

munity to HBV infection cannot be established early to elimi
nate persistent infection, then care must be used thereafter to
minimize the consumption of a nutritionally rich (animal pro
tein, fat) diet.

And finally, this explanation is in harmony, nutritionally
speaking, with the preventive effect of nutrition upon the de
velopment of other cancers (86).
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