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evaluating whether the risk varies depending on the
working area, impossible.
The power of the study is small, and even if a risk

exists the chance of isolating it from the data is
slight. Our conclusions cannot be definitive but they
permit us to make hypotheses as to what preventive
measures can be taken if the need is seen.
These points our critics seem to ignore. They take

a sentence from the abstract: "high risk for some
tumour sites emerged" referring to estimates of the
SMR for liver, peritoneum, prostate, and maxillary
sinus cancer showing a risk at least 400% higher than
expected. Given the premise that risk is an
epidemiological term used appropriately in the con-
text, and thus cannot be modified, our critics con-
sider the use of the adjective "high" "illfounded." In
our opinion it would be wrong to affirm on the basis
of the absolute value of the SMR and its statistical
significance the existence of a causal relation between
exposure and death from cancer. Nevertheless, a
description of the most relevant empirical relations
emerging from the data, despite the small number of
deaths, is a different thing.
We think that despite our critics we should publish

any results that could be important. We think the
question should be asked why, despite the inevitable
underestimations due to the shortness of the follow
up period and the diluting effect due to taking the
whole workforce as the exposed group, the excess of
risk for some cancer sites was noted.

Further, having analysed the pattern of deaths
from cancer and shown a trend between risk of death
from cancer and duration of exposure, we examined
SMRs for specific deaths.
By publishing the results we hope to reopen the

debate on the risks relating to rubber manufacture,
something which has also been emphasised by other
authors. In our opinion this is a "common sense"
interpretation of epidemiological data, and no "exag-
geration and overemphasis" has been made in inter-
preting our results. Our conclusion is as follows: "An
association between working in this rubber factory
and cancer mortality seems to emerge from our
study. The shortness of the latent period, 10 years on
average, and the consequent low number of deaths,
however, makes it difficult to judge whether this
association is causal or not."
Our critics doubt the validity of the process of

certification and codification of the causes of death.
We can only reply that:

I Certification and codification of causes
of death within a short period is homogenous. Fur-
ther, there is no reason to suppose that Italian official
statistics are less reliable than those of other
European countries.

2 The level of precision with which cause of
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death is recorded is the same in the sample as in the
reference population and thus the comparability of
information is guaranteed.

3 Doubt as to the reliability of official statistics
of diagnoses of cancers of the liver or peritoneum for
instance, is common to all epidemiological studies
regardless of in which country they are conducted.
Further, in our case the official diagnoses of primary
cancer of the liver and peritoneum tally with the
clinical records.
The fact that there is no tradition of follow up

studies in Italy is not due to difficulty in finding
reliable data but rather to the large amount of
organisation and time required to keep track of the
subjects. The law does not require the provision of
an archive of deaths recorded by name in the Italian
Central Statistics Office, a facility that is available in
other European countries.
Our critics also refer to what they call an absurdity

in table 1-there are only eight subjects within the
15-24 age group at the end of the follow up and
these subjects contribute 6560 person-years. Thus
every subject contributes for 6560/8 = 820 person-
years. The explanation for this "absurdity" may be
found in any epidemiological manual. In fact, in
calculating person-years subjects shift from one class
to another. Thus an individual who is 34 at the end
of the follow up and was hired at 20 contributes for
five years to the 15-24 age group and for the rest of
the time to the 25-34 age group. Eight people do not
solely contribute to the 6560 person-years; the con-
tribution is determined by all the subjects of the
cohort who were hired before they were 24 and who
spent some time in this age group but are in an older
age group at the end of the follow up.
Our critics go on to say that distribution by age of

hiring was not presented; the reason is that we did
not want to make the article difficult to read by
including too many tables. As may be seen from
table 1, however, the cohort at the end of follow up is
young and considering that every individual is foll-
owed up for at least 10 years, it is relatively easy to
estimate the distribution by age of hiring.

Since our aim is exclusively scientific, we would be
happy to make our data available to any interested
researcher.

Exposure to asbestos and the risk of gastrointestinal
cancer

SIR-The review of the relation between gastro-
intestinal cancer and exposure to asbestos by Edelman
(1988;45:75-82) ignores an important factor, the stat-
istical power of the various studies to detect a risk.
Studies that do not show increased risks associated
with specific exposures may in fact lack the power to
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do so-that is, the risk of a type II or false negative
result is high.
The importance of assessing this aspect in evaluat-

ing the evidence has been pointed out by the Ontario
Royal Commission' and by Davis et al.2 The latter
authors quoted data from 21 studies on the relation
between exposure to asbestos and gastrointestinal
cancer. Of 21 studies, 13 showed an excess risk of
gastrointestinal cancer, though it was statistically
significant in only five. Only six of those in which a
significant excess was not found, however, had a
power greater than 80% to detect a relative risk of 1[5
for gastrointestinal cancer, the likely order of mag-
nitude ofthe risk suggested by the positive studies. The
authors pointed out that there is a less than 1%
probability that chance alone would lead to five of 21
studies showing a significant increased relative risk,
using a 5% one sided significance test. Moreover, five
of the studies that did not show a significantly
increased relative risk of gastrointestinal cancer did
not show a significantly increased relative risk of lung
cancer, suggesting that exposure in these populations
was low. These considerations suggest that many of
the negative studies should be given less weight than
the positive studies.
Edelman mentions numerous flaws in the studies of

this problem. Epidemiological studies are necessarily
imperfect and are subject to varying interpretations.
Statistical power to detect risk is an important factor
which must be considered.

R M RUDD
London Chest Hospital,
London E2 9JX.
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Dr Edelman replies:
The issue raised by Rudd on the statistical power of
"negative" studies is an important one. Among studies
that do not indicate either an increased or decreased
risk of gastrointestinal cancer among people exposed
to asbestos, it is pertinent to evaluate the power of the
studies to detect an increased risk of gastrointestinal
cancer if the true but unknown risk ofsuch cancer is in
fact increased. If there is no increased risk, however,
one would expect most studies to indicate no increased
risk. In this case concern centres on the proportion of
studies that indicate a significantly increased/
decreased risk when in fact none exists. These two
types of statistical errors (the type I and type II errors)

Correspondence
Summary ofSMRs

SMRs No of
> I or studies with

No of <1 (p SMRs power
ICD studies < 005) = 1 >80%*

150 (oesophagus) 6 1 5 0
151 (stomach) 9 1 8 3
150-151 8 2 6 3
153 (colon) 4 1 3 0
154 (rectum) 3 0 3 1
153-154 10 4 6 2
150-154 10 3 7 6
157 (pancreas) 7 1 6 2
150-159 1 1 4 7 7
Gastrointestinal 6 2 4 1

*Studies able to detect a twofold increased SMR with power > 80%,
alpha = 0-05.

are important considerations. Whereas the probability
ofa type I error can be selected by the investigator, the
probability ofa type II error in a mortality study might
not be known until the study has been completed since
it is dependent on the expected number of deaths.'
Knowledge of the type I or type II errors cannot and
does not correct biased estimates resulting from the
design of the study, including the selection of the
comparison population and the way in which the study
was conducted. Needless to say, the potential for bias
is great in studies of industrial cohorts.
The table presents a detailed breakdown oftable 3 in

the original study. The table gives for each ICD code
the number ofstudies in which there was a significantly
increased/decreased SMR (alpha = 0-05), the number
of studies for which the SMRs were not significantly
different from one, and the number of these studies
that were of sufficient size to have a power of at least
80% of detecting at least a twofold higher risk of
cancer (alpha = 0-05). The proportion of such studies
varied according to the ICD code. Of the 11 studies
that gave SMRs for ICD 150-159, two SMRs were
significantly < 1, two were significantly > 1, and the
remaining seven studies were sufficiently large to have
a power of at least 80% of detecting at least a twofold
increased risk of cancer. Four ofthe seven studies were
large enough to have a power of at least 80% of
detecting a 1 5-fold increased risk.

According to the suggestion of Rudd, studies on
exposure to asbestos and the risk of gastrointestinal
cancer should be weighted according to whether or not
they showed an increased risk of lung cancer. Since
smoking has a large effect on the risk of lung cancer,
only studies for which there was information on the
smoking histories of both the exposed and non-
exposed populations should be considered. If this were
done most studies would be excluded from evaluation
since only a few have made any attempt to take into
account the smoking histories of the asbestos exposed
and non-exposed groups. Failure to consider the
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smoking history has resulted in biased estimates of the
risks of lung cancer associated with exposure to
asbestos.

Reference

I Haines T, Shannon H. Sample size in occupational mortality
studies. J Occup Med 1983;25:603-8.

SIR,-We read Edelman's review ofexposure to asbes-
tos and gastrointestinal cancer with great interest. His
conclusion that "asbestos workers are not at an
increased risk of gastrointestinal cancer" appears
seriously flawed for several reasons.
At least two sets of data are erroneously reported

(table). Puntoni's data are incorrectly transcribed,'
and the author failed to update Selikofls data2 with
more recently published results.3 The error in report-
ing Puntoni's data introduces bias in the negative
direction. The error in reporting the Selikoff/Seidman
data has little effect on point estimates but reduces
their precision.
Edelman is correct that the analysis ofdose response

relations may be informative but his graphical
approach to these data is misleading. For example, (a)
in the figure fails to convey the statistically significant
dose response relation found by Finkelstein for both
lung and gastrointestinal cancer.4 In only one or two of
the graphs (b) and (c) is a dose response relation
implausible. In general, since many high exposure data
points are based on small counts, the estimated dose
response relations are imprecise. Quantitative combin-
ation of data would have been appropriate to over-
come this problem but Edelman described no such
procedure.

In fact, the absence of quantitative analysis com-
promises Edelman's review as a whole. Based on his
table 2, he could have combined results to increase
statistical power. It is possible to adapt standard meta-
analytical techniques from clinical epidemiology56 to
such observational results.7 The use of informal or
qualitative overviews makes the reviewing process
much more subjective than w6uld be the case with
quantitative analysis.

Data reported by Edelman contrasted with correct data.
(Each entry given as observed/expected count)

Puntoni Selikoff/Seidman
Edelman Edelman

Data set report Correct report Correct

Oesophagus 1/1.41 2/ 4.98 1/0.8 1/ 2.06
Stomach 7/6.67 38/30.95 4/2.0 9/ 5.78
Colorectal 10/7.08 34/22.23 11/5.2 22/11.90

Note: The expected counts we report from Puntoni are those of
hospital workers. The observed counts from Selikoff/Seidman are
DC, not BE, and the expected counts from Selikoff are those from
New Jersey.
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Finally, Edelman suggests throughout his paper

that unmeasured confounders may spuriously increase
the observed relative risks of gastrointestinal cancer
mortality. As examples, he cites smoking, diet, familial
or inherited factors, and place of residence. It may be
true that some cohorts exposed to asbestos such as
other industrial workers, smoked more heavily than
comparison groups89 and this might have affected
some oesophageal cancer rates. There is no reason to
suspect, however, that any cohort of asbestos workers
differed sufficiently from national patterns to explain
gastrointestinal cancer mortality ratios in the range
of 2.

In conclusion, Edelman presents little basis for his
inference of no increased risk of gastrointestinal
cancer among asbestos workers.

J BERLIN
Department of Biostatistics,

Department ofEpidemiology,
Harvard School ofPublic Health,
Boston, MA 02115, USA.

H FRUMKIN
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Dr Edelman replies:
In their haste to find fault with my recent paper
on exposure to asbestos and gastrointestinal
cancer Berlin and Frumkin put aside their scientific
objectivity and replaced it by personal bias. In doing
so they forgot to carefully read the paper! The
following briefly answers the issues raised in their
letter:

(1) Puntoni et al gave SMRs for gastrointestinal
cancer sites for dockyard workers according to various
job categories (tables 4-23).' In these tables they
calculated expected numbers of deaths using the
general male population of Genoa and not the male

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.45.8.573 on 1 A
ugust 1988. D

ow
nloaded from

 

http://oem.bmj.com/


Standardised mortality ratiosfor gastrointestinal cancer

ICD

Reference 150 151 153/154 157 150-159

1/ 2-06 = 049 9/ 578 = 156 22/119 = 185* 9/392 = 220
3 1/ 35 = 0-29 15/13.7 = 1-09 11/15-4 = 071
4 2/12.9 = 093 22/19-5 = 1-13 21/233 = 064 70/789 = 089
5 4/ 295 = 136 20/1109 = 1.80* 23/199 = 1-16 8/737 = 109 64/457 = 1-40*
6 3/ 29 = 1-03

<p 0-05.

staff of St Martino Hospital. Workers were separated
into asbestos exposed and non-exposed groups on the
basis of descriptions of their occupations, and SMRs
for gastrointestinal cancer for the two groups were
computed by combining the appropriate data from
tables 4 to 23. These SMRs are given in table 4 of my
paper and for the group exposed to asbestos they also
are given in table 2 of my paper. Thus the data from
the paper of Puntoni et al' are neither "erroneously
reported" nor "incorrectly transcribed" as stated by
Berlin and Frumkin, and the table in their letter should
be ignored.

(2) I made every attempt to include all cohorts of
asbestos workers and to use the most up to date data. I
cannot be expected, however, to include in my review
the data from papers published after my paper was
submitted to this journal. The paper by Seidman et al2
was published in late 1986 and received by my library
exactly one month before my article was accepted by
this journal (12 January 1987). To correct this "error
in reporting" I have included in the table the SMRs for
gastrointestinal cancer from five papers that were
published after I completed my review. Three of the
studies24 supdated data from prior studies (refs 25, 27,
and 29 ofmy paper). In the study ofSeidman et al all of
the SMRs shown in table 1 are less than those given in
their prior report.2 Prior analyses of the cohort
followed up by Enterline et al gave an SMR
for gastrointestinal cancer (ICD 150-159) of 138
compared with 1*40 in their more recent study.5 In
both these reports mesotheliomas may have been
included in the category ICD 150-159.

(3) The graphical presentations of the dose res-
ponse relations given in the figures in my paper simply
represent data published by other investigators. The
suggestion of Berlin and Frumkin that "quantitative
combination of data would have been more
appropriate. . ." points to their lack of understanding
of the difficulties and problems associated with the
measurement of asbestos dose. I know of no reason-
able way of combining the dose response data when
the units of exposure are not the same for all studies
(and there is no accepted way of converting them to
common units), the exposure levels were measured
and categorised in different ways, and the cohort
definitions varied from study to study.

(4) The suggestion of combining the results of

table 2 of my review "to increase statistical power" is
tempting. None of the analytical techniques for com-
bining the data, however, takes into account the many
differences among the various cohorts that may relate
to their risks of gastrointestinal cancer. Moreover, as
acknowledged in the two references on meta-analysis
cited by Berlin and Frumkin, the analytical techniques
do not provide for a totally objective way of weighting
the results of the various studies.

(5) Berlin and Frumkin acknowledge that asbes-
tos workers, like other industrial workers, smoked
more heavily than other comparison groups. For
reasons they failed to provide, they reject the idea that
asbestos workers also may differ with regard to known
risk factors for gastrointestinal cancer without provid-
ing any evidence to the contrary.
The comment by Berlin and Frumkin that "through-

out" my paper I suggest that unmeasured confounders
may spuriously increase the risk of gastrointestinal
cancer further underlies their total lack of objectivity.
The only time this issue was raised was once in the
discussion section.
The additional data I have evaluated since complet-

ing my review of the risks of gastrointestinal cancer
and exposure to asbestos do not alter my con-
clusions-namely, based on the epidemiological, clin-
ical, and experimental studies evaluated, there is no
evidence to support a cause and effect relation between
exposure to asbestos and cancer of any gastrointes-
tinal site.
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