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Figure 1 Combined data
from Copper Cliff and Port
Colborne to illustrate the
pattern of risk of death
from lung cancer in the
years after leaving the
sinter plant. SRD =
standardised risk
difference; OBS =
observed deaths; EXP =
expected deaths.

Figure 2 Combined data
from Copper Cliff and Port
Colborne to illustrate the
pattern of risk of death
from nasal cancer in the
years after leaving the
sinter plant. SRD =
standardised risk
difference; OBS =
observed deaths; EXP =
expected deaths.
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that occupational carcinogens may affect only
one stage. A single cell gives rise to a malig-
nant tumour only after it has undergone a
number of sequential, heritable, changes.
This transformation period is followed by a
promotion and rapid growth period in which
the transformed cell produces a colony of
descendants by rapid cell division. Initiators
affect the first stages and have a long latency.
Co-carcinogens or promoters act at a later
stage and have a shorter latency. The two
types of hazards have different characteristics.
The excess risk from an initiator depends
primarily on time since first exposure and
continues to rise even after exposure to that
carcinogen ceases. The excess risk following a
carcinogen affecting the penultimate stage
depends on age at first exposure, older expo-
sures being worse, and the excess incidence
remains constant after exposure ceases.®

In applying these concepts to sets of
human data, Bell and Coleman compared the
usefulness of different methods of expressing
risk.” From computer generated models, they
concluded that the excess death rate (EMR
or SRD) was preferable because the more
familiar SMR contained two components—
the excess attributable risks, and the underly-
ing mortality to be expected in the non-
exposed population. From fig 1, it is clear
that the excess deaths have stayed almost
constant in the years after exposure to the
sintering operation ceased. The rising expec-
tation of death from lung cancer due to other
causes, mainly cigarette smoking, results in a
lower SMR after 30 years. As an expression
of risk the SMR would thus suggest that the
risk has fallen whereas the SRD provides an
opposite result.

Application of the multistage model to our
data provides conflicting evidence concerning
the nature of nickel carcinogenesis. We could
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detect no effect of age at first exposure; how-
ever, this may be the result of small numbers.
We did not find an increasing risk after expo-
sure ended. The possibility that this might, in
principle, be the effect of a preventive screen-
ing programme in the case of lung cancer has
already been discussed. It is possible to con-
clude only that the risk for both diseases is
prolonged for many years after exposure ends
without being able to determine the likely
stage at which nickel compounds have a car-
cinogenic effect. Conflicting results were also
reported by Kaldor ez al who consider that
the mechanisms for lung and nasal cancer
produced by nickel might turn out to be dif-
ferent.® The persistence of an excess risk after
the end of exposure is very similar to that
reported in cigarette smokers who stop smok-
ing.?

The possibility that slow tumour growth
had already started before exposure ended
must also be considered. This could certainly
effect mortality in the early years after expo-
sure. Nasal cancers however, and also many
lung cancers contain rapidly dividing cells
which make this unlikely to be an issue 30 or
40 years after exposure. Another relevant
factor might have practical implications. The
assumption has been made that exposure to
carcinogenic nickel compounds ended when
the workers left the sinter plant. Their
employment in other parts of the industry has
already been discussed. There is, however, an
alternative explanation that might account for
an ongoing carcinogenic risk. In studies of
retired nickel workers where biopsies of the
nasal mucosa have been carried out, substan-
tial amounts of nickel were detected.' The
data were too limited to provide firm infor-
mation on the rate of removal of nickel, but
certainly for eight or nine years after exposure
ended, there was excess nickel in the nasal
mucosa. It could not be seen by electron
microscopy and the precise anatomical site
remains unknown. The nickel is probably
submucosal because of the rapid cell turnover
in the mucosa itself. Whether it is in a partic-
ulate form or bound to protein remains
unknown. There are no data on the nickel
content of the bronchial mucosa in nickel
workers.

Persisting nickel deposits could act as con-
tinuing carcinogens. A minor effect could be
due to delayed nasal mucosal clearance of
other particulate carcinogens as soluble nickel
compounds diminish frequency of ciliary
beats.!!

From the practical point of view, it is
important to stress that these workers con-
tinue to be at excess risk of death from lung
and nasal cancer for many years after leaving
exposure. There is no good evidence that the
excess risk is diminished with time. Efforts to
mitigate the effects are of great importance
despite the disappointing results of screening
in the case of lung cancer. In this instance,
the validity of the multistage model for car-
cinogens’ has practical consequences. If the
continuing risk is due to changes in the
genetic material, which are irreversible, then
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early detection or attempts to improve repair
mechanisms and to avoid further carcino-
genic insults are the obvious approach. If
there is a real possibility that it is due in part
to persistence of nickel in the submucosa,
then, perhaps, attempts to remove the
deposits of nickel might have a part in a pre-
ventive programme. The removal of nickel by
the local application of a chelating agent is
one such possibility. This would not, how-
ever, be effective if the nickel is in particulate
form. This was investigated by placing small
quantities of fine particles of nickel subsul-
phide and nickel oxide in 10 ml 2% EDTA
with the pH adjusted to 4-5, 7-0, 8:0, and
9-0. The suspensions were shaken periodi-
cally over four days. Nickel was readily
detected in the supranatent fluid, but there
was no visible depletion of the solid material.

Although removal from exposure does not
lead to a diminution of risk, it is, of course, a
most important preventive health measure as
the increasing risk with continual exposure is
eliminated.

Finally it is stressed that workers who have
been employed in an area of the nickel indus-
try where there is an excess risk of cancer
must be studied separately from the rest of a
cohort of nickel workers. This was the
approach used by Roberts et al.'? Failure to
do so may generate apparent excess risks of
cancer in other parts of the process when
such risks do not, in fact, exist.

Downloaded from oem.bmj.com on February 15, 2012 - Published by group.bmj.com

Muir, Yadon, Julian, Roberts

We are grateful to the Joint Occupational Health Committee
of the International Nickel Company for support in the devel-
opment of this project and to Diane Johnson for measuring
the solubility of nickel particulates.

1 Roberts RS, Julian JA, Sweezey D, Muir DCF, Shannon
HS, Mastromatteo E. A study of mortality in workers
engaged in the mining, smelting, and refinery of nickel.
I: methodology and mortality by major cause groups.
Toxicol Ind Health 1989;5:957—4.

2 Roberts RS, Julian JA, Muir DCF, Shannon HS. A study
of mortality in workers engaged in the mining, smelting,
and refinery of nickel. II:mortality from cancer of the
respiratory tract and kidney. Toxicol Ind Health
1989;5:975-93.

3 Doll R. Cancer of the lung and nose in nickel workers. Br
¥ Ind Med 1958;15:217-31.

4 Report of the international committee on nickel carcino-
genesis in man. Scand ¥ Work Environ Health 1990;
16:1-81.

5 Fontana RS, Taylor WF. Screening for lung cancer: the
Mayo project In: Miller AB, ed. Screeming in_cancer.
VICC technical report services. Vol 40. Geneva:
International Union Against Cancer, 1978:233-53.

6 Kaldor J, Peto J, Easton D, Doll R, Hermon C, Morgan
L. Models for respiratory cancer in nickel refinery work-
ers. ¥ Nat Cancer Inst 1986;77:841-8.

7 Armitage P, Doll R. The age distribution of cancer and
multistage models of carcinogenesis. Br ¥ Cancer 1954;
8:1-12.

8 Peto R. Epidemiology, multistage models and short term
mutagenicity tests. In:Hiatt HH, Watson JD, Winsten
JA, ed. Origins of human cancer, book C. Cold Spring
Harbor Laboratory: 1977, 1403-28.

9 Bell CM], Coleman DA. Predicted mortality patterns in
cohort study populations exposed to different types of
hazard: can SMR’s show a dose response? Stat Med
1983;2:363-71.

10 Torjussen W, Andersen 1. Nickel concentrations in nasal
mucosa, plasma, and urine in active and retired nickel
workers. Ann Clin Lab Sci 1979;9:289-98.

11 Adalis D, Gardner DE, Miller F. Cytotoxic effects of
nickel on ciliated epithelium. Am Rev Respir Dis 1978;
118:347-53.

Vancouver style

All manuscripts submitted to Occup Environ
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biomedical journals (known as the
Vancouver style.)
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dance with the Vancouver style. The style
(described in full in the BMY, 24 February
1979, p 532) is intended to standardise
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