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The adjusted RR for dust estimated by the multi-
plicative model (A = 1-0) was 1-028 (95% CI 1-009-
1-048) for a unit of 1000 particle-years, which is only
slightly higher than the estimate obtained from the
Cox’s proportional hazards model.

ASSOCIATION BETWEEN LUNG CANCER AND SILICOSIS
The crude ORs and ORs adjusted for the effect of age
at death (OR)), dust particle-years cumulated to the
start of the follow up and cigarette equivalent pack-
years were calculated for the association between
lung cancer and silicosis for all the 745 miners who
had had a necropsy examination. No association was
observed with the presence of silicosis of the lung
(OR, = 09, 95% CI 0-5-1-6), or silicosis of the
pleura (OR, = 1-2,95% CI 0-7-2-0), but there was a
positive association with the presence of silicosis of
the hilar glands (OR, = 3-9,95% CI 1-2-12-7) (see
table 5).

For the 794 miners on which necropsies were
carried out the correlation coefficients between
cigarette equivalent pack-years and the ordinal
categories of silicosis were — 0-076 for parenchyma,
— 0133 for pleura, and — 0-044 for hilar glands.
When adjusted for dust and age at death by means of
the multivariate linear regression analysis, only the
association between silicosis of the pleura and smok-
ing was statistically significant with the regression
coefficient (f = — 0-006, p < 0-001) suggesting a
negative association between tobacco smoking and
silicosis of the pleura.

Discussion

The results from this study show a significant dose
response relation between death from lung cancer
and silica dust particle-years and cigarette equivalent
pack-years. The RR for lung cancer associated with
the exposure to 1000 particle-years of silica dust
standardised for smoking, year of birth, and age,
estimated by the proportional hazard model was as
exp(0-023) = 1-023(95% CI 1-006-1-041). Thus the
expected RR for the men in the highest exposure
category with an average exposure of about 50 000
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particle-years, relative to those with less than 15 000
but with more than 10 years of gold mining, was 3-18
(95% CI 1-34-7-45). The range of dust particle-years
cumulated to the start of the follow up was 7000-
80 000.

The adjusted OR, for lung cancer estimated from
the previous mortality study of 3971 miners was 1-77
(95% CI 0:94-3-31) per 10000 particle-years
(p = 0:06), and no association between deaths from
lung cancer and the duration of underground
exposure was observed.’ The results obtained from
the two follow up studies are in disagreement with
the two year of birth matched case-control studies on
deceased white South African gold miners, in which
no association between lung cancer and dust
exposure was found.* Dust was a significant
predictor of mortality from all causes combined. It is
possible that by selecting dead controls of the same
age at death the two case-control studies were
overmatched for dust exposure, and thus did not
detect the association, which is not very strong.

The combined effect of dust and smoking appears
to be higher than would be expected under the
assumption of additivity of the two individual
exposures. The power model fitted best at 4 = 0-25,
and the discrepancies between the expected number
of deaths as estimated by the additive model and the
observed number of deaths (table 4) indicate some
synergism for the highest dust exposure and smoking
categories. The goodness of fit statistic indicates that
the hypothesis of multiplicativity of the combined
effects fits better to the data than additivity. It
appears that a synergistic effect between dust and
smoking exists for those with more than 35 pack-
years of smoking and more than 30 000 particle-years
of dust (table 3). These findings are consistent with
the other studies in which the combined effect of
exposure to gold mining dust and smoking was
evaluated.”

No association between silicosis of the parenchyma
or pleura and death from lung cancer was seen. The
cases with lung cancer had more findings of silicosis
in the hilar glands in comparison with those who did
not die from lung cancer (table 5). The possibility
that this was due to the fact that the cases were

Table 5 Association between death from lung cancer and silicosis of hilar glands

Silicosis of the hilar glands

Death from lung cancer None Slight Moderate Marked Total
Yes 3 10 39 17 69
No 109 132 309 174 724
Total 112 142 348 191 793*
s’ for trend =45, p=0-035

OR 1-0 2-8 4-6 36

Adjusted OR 10 29 42 31

95% CI (0-8-10-7) (1:3-14-0) (0-9-11-2)

*One subject had a missing value for the hilar gland variable.
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heavier smokers and also had heavier exposure to
dust, but had no causal association with the develop-
ment of lung cancer, was also considered. The
correlation coefficients for the association of lung
cancer with smoking, with dust, and with degree of
silicosis of the hilar gland were positive and statisti-
cally significant. The correlation between silicosis of
hilar glands and smoking was not significant,
whereas with dust the correlation was highly sig-
nificant. The ORs for lung cancer and silicosis of the
hilar glands adjusted for dust remained significant,
and so did the effect of dust. As exposure to dust and
silicosis of the hilar glands are intercorrelated,
however, it is difficult to draw a conclusion about
their association with lung cancer.

Several possible mechanisms for the effect of silica
dust on lung cancer have been suggested. Goldsmith
and Guidotti** proposed three interrelated hypo-
theses to explain the excess of lung cancer in silica
exposed workers: (1) silica directly induces lung
cancer, (2) silica causes silicosis, which may be an
intermediate pathological state leading to lung
cancer, and (3) silica combined with polycyclic
aromatic hydrocarbons from cigarette smoke impairs
lung clearance, thus increasing the effective dose in
smokers. Cohen? suggested that cigarette smoke, as
well as initiating tumours, may also cause pulmonary
insult, which increases the susceptibility to a variety
of malignant and non-malignant conditions.
Guidotti e al * suggested that lymphatic obstruction
by silica-containing macrophages and by silica alone
may decrease lymphatic flow, reduce clearance of
lymphatic dust, and thus increase residence time of
active carcinogens. Archer et al,”® however, argue
that silicosis among a group of miners usually reflects
the presence of both a siliceous type of ore and poor
ventilation; with poor ventilation the miners are also
exposed to raised radon daughter concentrations
that, they suggest, are responsible for the increased
mortality from lung cancer in miners exposed to
silica.

This study confirms that an association between
lung cancer and exposure to gold mining dust with
high concentrations of silica dust is present. The
results do not support the hypothesis that silicosis of
the parenchyma or pleura is an intermediate patho-
logical state leading to lung cancer. As the intensity of
exposure to dust was related to lung cancer, and not
the actual duration of the underground exposure, the
hypothesis that silica directly induces lung cancer
cannot be rejected. There is a possibility, however,
that the association between lung cancer and silica
dust particle-years in South African gold mines is
confounded by the effect of radon daughters, as the
increased intensity of dust exposure may be related to
increased concentrations of radon daughters.”
Further research to consider this issue is required.

The following factors that could have contributed

to the presence of positive associations have been
examined: asbestos exposure of the cases, positive
misclassification of the cases (the cases were
rechecked for positive necropsy and biopsy findings
by three medical practitioners) and positive mis-
classification of the dust exposures.

In conclusion, the relative risk of lung cancer
associated with 1000 particle-years was estimated as
1-:023 (95% CI 1-005-1-042); the particle-years
ranged from 7000 to 80 000 for the whole cohort. The
combined effect of dust and smoking was adequately
fitted by the multiplicative model, indicating the
presence of synergism. The OR for the association
between lung cancer and silicosis of the hilar gland
was 3-9 (95% CI 1-2-12-7). No association was found
between lung cancer and silicosis of the parenchyma
or pleura.
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