
ing in the shoe industry, and a woman employed in
a laundry. In light of the known relationship between
organic solvents (particularly benzene) and leukemias,
the association with myelodysplastic disorders is worth
studying.
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The paper "Triazine Herbicides and Ovarian Epithelial
Neoplasms" by Donna et al (Scand J Work Environ
Health 1989;15:47-53) cannot, in my opinion , go un­
commented upon. The topic of causation of cancer
through triazines is, in view of the widespread use of
this herbi cide , of very great health importance and
should be dealt with carefully. My comments concern
the following three points: statistical aspects, the clas­
sification of the exposed women, and possible con­
founders and biases.

The statist ical results of the paper consist of a sig­
nificant odds ratio of 2.7 (P = 0.10) and two positive
trend s with growing exposure with P-values of 5 0,10

and 8 0,10, respectively. Scanning the pape r for the num­
ber of tests performed, one finds that there were at
least 47; probably there were more. Two tests con­
cerned the well-known dependency of ovarian cancer
risk on the number of births. The y turned out to be
fairly significant. In the remaining 45 test s one would
expect (und er the hypothesis of no effects and at a sig­
nificance level of 0.1) 4.5 significant results . There were
four . From this point of view, the evidence presented
is rather meager. A second way of assessing the sig­
nificance of the results presented is to use adjustments
for the number of tests performed. On the assump­
tion that there were 20 essentially separate tests, the
Bonferroni correction amounts to a factor of 0.05, and
no significant result remains. Both analyses show that
the results concerning statistical significance are not
beyond doubt ; in other words, the y could be due to
chance.

5

The second aspect covers the classifi cation of the
definitely expo sed subjects. From the list at the end
of the paper, it is possible to devise stricter definitions
of " definitely exposed. " 1 have recalculated the crude
odd s ratios for the women reporting to have " used tri­
azine herself" and " used triazine herself before 1978."
The latter category was used to allow for some (prob­
ably too shor t) latency for the ovarian cancer to de­
velop . The result ing odds ratios are 2.3 for the defini­
tion used in the report, I .50 for those reporting to have
used triazine themselves, and 0.90 for those reporting
to have used triazine themselves before 1978. This is
a decreasing sequence of odds ratios, while in a situa­
tion of increasingly strictly defined exposures one
would expect an increasing sequence. It is not easily
possible to test for the significance of this decreasing
trend, so there may, too , be no trend. Explanations
for "no trend" are possible, but all coming to my mind
are implausible.

Although the authors maintain that the study has
been designed with the aim of minimizing selection
bias, ther e are at least two types of bias which could
have produced the observed results and which were not
discussed and not contro lled for adequately. In view
of the severity of the disease of ovarian cancer and of
the long average lag time of 30 months between diag ­
nosis and interview, it is very possible that there was
an inter viewer bias due to the fact that the interviewer
could visually distinguish the cases from the referents.
Thi s possibility is not ra ised and discussed in the pa­
per. A second possible bias could be due to the in-
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fluence of socioeconomic factors. The Alexandria
Hospital register is not a recognized area-covering can­
cer register. (It is to my knowledge, for example, not
included in Cancer in Five Continents.) It is therefore
possible that women with ovarian cancer from better­
off families were missed due to their seeking treatment
in one of the bigger centers of northern Italy. This pos­
sibility would presumably lead to the effect observed
in that lower socioeconomic strata with inherently
higher triazine exposure would also seem to have more
ovarian cancer. In addition , Berkson 's bias could be
operating in this case. It is well known that hospital­
ized patients often have higher exposure values than
unhospitalized ones. As the cases in this study were
at least at some time hospitalized and the referents were
collected from the general population, this is a possi­
bility.

If all of these points are taken into consideration
and the most weight is placed on the statistical aspect,
one cannot but conclude that the case for an associa­
tion between ovarian cancer and triazines is weak in­
deed. The case is even weaker for a causal link .

Christoph E Minder, PhD
Department of Social and Preventive Medicine
University of Berne
Finkengubelweg 11
CH-3012 Berne Switzerland

Authors' reply

The first comment of Dr Minder 's is that the sig­
nificance of triazine-related results would be a simple
reflection of the number of tests performed.

As we stated at the beginning of our paper, the study
was conducted "to evaluate the specific role of tria­
zines in ovarian carcinogenesis ... [p 47]." The hy­
pothesis to investigate was suggested by a former case
series, in which six of eight cases with definite exposure
to herbicides involved exposure to triazines, and it was
corroborated by a hospital-based case-referent study.
This was the sole hypothesis to test, and the only per­
tinent statistical tests of this question were the sig­
nificance of relative risks and the significance of trend ,
all in favor of a positive association between triazine
exposure and ovarian cancer. In particular, the one­
tailed P-value (the other tail of the distribution being
irrelevant to the question) for the risk of 2.7 associated
with "definite exposure" was 0.05 ; not 0.1 as stated
by Dr Minder.

The role of reproductive factors was analyzed and
reported only to elucidate potential confounders to be
taken into account in the analysis of triazine-related
risks. The study was not a "fishing expedition, " nor
was it planned to explore the effect of various
reproductive factors on ovarian carcinogenesis. The
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issue of multiple comparison, to which Dr Minder gives
the most weight, is totally nonsense.

The second point raised by Dr Minder regards our
criteria for the attribution of the exposure. He does
not comment on the criteria as a whole but, instead,
proposes a different classification for " definitely ex­
posed " subjects .

Dr Minder's criteria are such that those subjects who
reported personal preparation and distribution of tri­
azines are thought to be more exposed than those who
worked in fields treated with such herbicides and tha t
the duration of exposure is irrelevant to the risk. As
we stated in the paper, on page 48, tr iazine herbicides
are stable chemicals whose mechan isms of human ab­
sorption are unknown and, in addition, the prepara­
tion and distribution of such herbicides usually oc­
curred once or twice a year. We had no reason to sup­
pose that the preparation and distribution of these her­
bicides would lead to a cumulative exposure higher
than that occurring during work carried out in the
fields where the herbicides were used. Moreover, all
the subjects who prepared and distributed triazine her­
bicides also worked in the treated fields. Therefore,
it seemed reasonable to consider these instances of ex­
posure in a single category formed of individuals for
whom there was almost certain exposure, although not
quantifiable, and to use the length of such exposure
as an indicator of cumulative dose.

As far as the risks computed by Dr Minder are con­
cerned , we should clarify that , in the appendix, we
reported only modalities of definite exposure .

The two exposed cases whose "definite exposure"
began after 1978 also had a prolonged " possible ex­
posure ." Case BB worked in corn and wheat fields
from .1959 to 1984, and case RR worked in corn and
wheat fields from 1948to 1986. Referent MP had only
the exposure that was reported in the appendix.
Nonetheles s, we were forced to consider these cases
as " definitely exposed" for a short period by the cri­
teria we established before the analysis (end of page
48). Changing the criteria after knowing the disease
status of the subjects would have given rise to the pos­
sibility that some results would be due to the adapta­
tion of the analysis to the data.

The third point raised by Dr Minder is on the com­
parability of the information between the cases and
referents due to interviewer bias. Appointments with
the subjects to be interviewed were not made by the
interviewer herself, and she was " unaware of the dis­
ease status prior to, and sometimes even after, the com­
pletion of the inter view [p 48]." Other elements in
favor of the comparability of the information are dis­
cussed at the beginning of the section "Data Collec­
tion " on page 51 of the report.

Although one can almost always advocate interview­
er bias in the interpretation of case-referent studies with
anamnestic assessment of exposure, the procedure we
used for organizing the interview and all the elements
scrutinized are against this hypothesis.



In addition, at the time of the data collection, no
information had ever appeared in the media on the
carcinogenic effects of herbicides. We intentionally
omitted chemical speciesand trade names of herbicides
in the first paper (1), which described the hospital­
based case-referent study , to allow us to explore this
hypothesis further at the population level. As far as
we know, the first paper has never been cited in the
general press. The public attention to the problem of
the pollution of drinking water by atrazine, as detected
by analytical methods, was aroused when we were ter­
minating the data collection but, even then, the poten­
tial carcinogenicity of atrazine was not mentioned. One
should also remember that the interview concerned any
kind of herbicidal use, without any particular empha­
sis on triazines .

A fourth point was raised about the completeness
of the case series. As population representativity is not
the objective of the Alessandria hospital-based can­
cer register (as it is for other similar registers), we con­
ducted a survey to establish the institution to which
ovarian cancer patients of the area are referred. This
survey led us to consider (in addition to the Alessan­
dria cancer register, which contains reports from eight
hospitals in the Province) "the archives of 10 other
hospitals [p 48J." The completeness of the case series
was thus probably achieved, as discussed in the sec­
tion "Population Representativity" on page 50. As we
compared incident cases with their source population,
there is no room for invoking the possibility of Berk­
son bias.

The topic of causation of cancer through triazine
is, in view of the widespread use of these herbicides,

of very great health importance, as Dr Minder pointed
out. Atrazine, the triazine most used in our area, has
shown mutagenic (2) and experimental carcinogenic
potential (3), and other epidemiologic evidence is avail­
able for triazine exposure (4). Thus we hope that our
reply will be useful to all those whose concern is pub­
lic health and safety.
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