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Letters to the Editor

RE: "BENZENE AND LEUKEMIA: A REVIEW OF THE LITERATURE AND A RISK
ASSESSMENT"

In their recent paper, Austin et al. (1) conclude
that: "In the aggregate, the epidemiologic evidence
suggests a link between benzene and leukemia" (1, p.
428). Although we hold the opinion that Austin et al.
are unnecessarily tentative in this conclusion, we con-
cur with it. We are concerned, however, by several
aspects of their review, and particularly by their dis-
cussion of epidemiologic risk assessment. Austin et al.
criticize our group for having used a risk assessment
model based on a nested case-control study. They
suggest that in our estimate of the likelihood of leu-
kemia in persons exposed to benzene we should in-
stead have used data based on a stratification of
person-years from our entire cohort; indeed, Austin et
al. utilize such an approach in their own risk assess-
ment.

We consider their criticism of our approach to have
several shortcomings. One problem is that the expo-
sure categories in a standardized mortality ratio
(SMR) analysis are inherently arbitrary; variation in
the definitions of the boundaries of these categories
can have a profound effect on the calculated risks.
This effect is especially likely to be evident when there
are few deaths.

By contrast, the case-control approach to risk as-
sessment provides an elegant means for modeling cu-
mulative exposure with the use of an internal compar-
ison group. This is a more appropriate referent group
than the United States population and is far less
disparate in terms of their general health. Also, in a
study of an industrial population, such as our cohort,
which might have encountered toxic occupational ex-
posures other than benzene, the case-control approach
provides an opportunity to balance out those expo-
sures; both cases and controls should have had equal
likelihood for exposure to other materials, such as
solvents, as well as for prior exposure to benzene in
areas of the factories outside the departments under
study. Finally, it has been demonstrated (2) that risk
assessment using a properly chosen sample of controls
will result in estimates of risk that are nearly identical
to those which result from use of the full cohort, and
this approach is much more cost efficient than risk
assessment based on the full cohort.

Austin et al. (1) have attempted to utilize our SMR
analysis, which divides the cohort into four categories
of cumulative benzene exposure, and to use the mid-
points of these categories to estimate leukemia risk.
This methodology is not optimal. Because the person-
year distribution in each category is highly skewed to
the lower exposure, a more appropriate procedure
would have been to use the person-years weighted
average exposure for each category. With such an
approach, Austin et al. would have obtained a risk
estimate closer to ours.

A final point in the review by Austin et al. (1) with
which we take issue is their dismissal of the possible
etiologic association between benzene and hemato-
poietic malignancies other than acute mono-
myelogenous leukemia. Two studies cited by Austin—
Arp et al. (3) and Checkoway et al. (4)—found elevated
relative risks for mortality from lymphocytic leuke-
mia. However, Austin et al. dismiss those findings as
"not persuasive" or as possibly due to exposures to
"solvents" other than benzene. Austin et al. do not
consider the possible etiologic association between
benzene and lymphoma. Three recent epidemiologic
studies—our own analysis (5) and those by Wong (6)
and DeCoufle et al. (7)—have, however, found excess
mortality from multiple myeloma and other forms of
lymphoma in persons exposed to benzene. Wong (6)
argues that mortality from leukemia and lymphoma
should not be considered separately in populations
exposed to benzene, because of the diagnostic overlap
between the two categories of disease, the well known
transition or progression of many lymphomas into
leukemia and the poor concordance between histo-
pathologic and either immunologic or cytogenetic clas-
sification schemes. We suggest that a formal assess-
ment of the possible etiologic association between
benzene and lymphoma is required.
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THE AUTHORS REPLY

In a recent Letter to the Editor of the New England
Journal of Medicine (1) pertaining to a risk assessment
by Rinsky et al. (2), we identified a discrepancy be-
tween the standardized mortality ratios (SMRs) they
estimated and the results of a nested case-control
study they did on the same cohort of pliofilm workers.
We also pointed out that their use of the nested case-
control analysis was inefficient because benzene ex-
posures had been estimated for all cohort members
and therefore there was no reason for restricting their
risk assessment to nine leukemia cases and 90 con-
trols. We also noted in that letter and in our review
article (3) that Rinsky's risk assessment result was
considerably higher than all others, including ours.

We agree with Rinsky et al. (4) that a nested case-
control study should yield results nearly identical to
those of a full cohort analysis of the same data set.
Indeed, this is the reason we were surprised that their
SMR and case-control analyses were so disparate.
Their letter implies erroneously that we believe that
the risk assessment should have been based on their
SMRs. Although we did use the SMRs, we did so
because SMRs were the only results available on the
entire cohort. Cox's proportional hazards model (5),
or other suitable methodology, should have been used
to analyze the complete cohort. Rinsky et al. contend
that their case-control study is "elegant" because 1) it
allows for modelling of cumulative exposure while
controlling for potential confounders, 2) it permits
evaluation of effect modification, and 3) an internal
comparison group can be used. However, these objec-
tives could have been achieved more efficiently by
appropriate analysis of the complete cohort study. It
is not "elegant" to discard information needlessly.

We requested that either an analysis of the full
cohort be reported or that an explanation be provided
as to why the analysis was restricted to a subset of the
cohort (1). Neither was provided (6). Instead, they
contend that our SMR analysis would have yielded a
risk assessment result closer to what they obtained in
the case-control study if we had used different scores
for the exposure categories. This point is largely irrel-
evant and certainly is not an adequate explanation for
the disparity between the results of the cohort and
case-control analyses. Furthermore, the contention is
not substantiated with data, although such data could
have been provided easily by Rinsky et al.

Our review evaluated several case-control studies
of leukemia among rubber workers. Two studies re-
ported a positive relation between benzene and lym-
phocytic leukemia (7, 8). However, the relative risks
pertaining to other solvents in both studies were
nearly identical to those for benzene. We pointed out
that the investigators of one of these studies also

expressed the concern that the association between
benzene and lymphocytic leukemia may have been
confounded by other solvents (8). The International
Agency for Research on Cancer also has recently
stated that "mixed exposure patterns" in these case-
control studies has rendered interpretation of the
studies difficult (9). Thus, Rinsky et al.'s apparent
acceptance of a causal relation between benzene and
lymphocytic leukemia is credulous; we are not sur-
prised that they judge our consideration of this issue
as "cavalier."

We did not evaluate the epidemiologic data pertain-
ing to benzene and malignant neoplasms of lymphatic
and hematopoietic tissue, other than leukemia, nor
did we include these malignancies in our risk assess-
ment. The three studies cited in Rinsky's letter include
16 deaths from these other malignant neoplasms with
about 11.8 expected (SMR = 136, 95 per cent confi-
dence interval 77-220). Such a weak and imprecise
association does not warrant being included in a risk
assessment. Their other arguments for including these
other malignancies also are not compelling. We point
out that Rinsky et al. did not include these other
malignancies in their own risk assessment (2).

Infante (a coauthor of Rinsky's on the original
report on the pliofilm cohort (10)) and DiStasio have
recently discussed benzene and leukemia (11), and in
so doing, they used a risk assessment result nearly
identical to ours. They state that their estimate of the
effect of benzene on leukemia mortality is similar to
that of most others accepted by the Occupational
Safety and Health Administration. Rinsky et al.'s risk
assessment yields a result four times as high. It is our
belief, and apparently that of most others, that Rinsky
et al.'s risk assessment result is too high and cannot
be used.
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