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Abstract

The epidemiologic literature on benzene exposure and leukemia in the MEDLINE and TOXNET databases was examined
through October 2004 using the keywords “benzene”, “leukemia” and “adverse health effects”. This search was complemented
by reviewing the reference lists from extant literature reviews and criteria documents on benzene. Published studies were
characterized according to the type of industry studied and design, exposure assessment, disease classification, and control for
confounding variables. Study design consisted of either cohort studies or case-control studies, which were further categorized
into population-based and nested case-control studies. Disease classification considered the source of diagnostic information,
whether there was clinical confirmation from medical records or histopathological, morphological and/or cytogenetic reviews,
and as to whether the International Classification of Diseases (ICD) or the French–American–British (FAB) schemes were used
(no studies used the Revised European–American Lymphoma (REAL) classification scheme). Nine cohort and 13 case-control
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studies met inclusion criteria for this review. High and significant acute myeloid leukemia risks with positive dose r
relationships were identified across study designs, particularly in the “well-conducted” cohort studies and especially
highly exposed workers in rubber, shoe, and paint industries. Risks for chronic lymphocytic leukemia (CLL) tended
elevations in nested case-control studies, with possible dose response relationships in at least two of the three studie
cohort studies on CLL show no such risks. Data for chronic myeloid leukemia and acute lymphocytic leukemia are sp
inconclusive.
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1. Introduction

The first confirmed case of leukemia reporte
linked to benzene exposure was in 1928[1]. Over
the next few decades, benzene was still primarily
garded as a hematotoxin, although case repor
0009-2797/$ – see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.cbi.2005.03.039
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leukemia continued to be reported. For example, lit-
erature reviews by Panati[2], Saita[3], Browning[4]
and Vigliani [5] cited 10, 23, 61, and >150 cases
of leukaemia, respectively, linked to benzene expo-
sure. Case series reports by Goguel[6], Girard and
Revol[7] and Aksoy[8] cited a predominance of acute
leukemia, and a predominance of myeloblastic and
erythroleukemia. However, these subtypes were not
mentioned exclusively, and the absence of phenotypic,
molecular and/or cytogenetic analyses at the time pre-
vented a definitive diagnosis in many cases, especially
for acute leukemias.

By the 1970s, the first attempts to quantify the risk of
leukemia due to benzene were made[9,10]. While these
studies were rather crude by contemporary standards,
they strongly suggested that the risk of leukemia was
increased in workers exposed to high concentrations
of benzene. Shortly thereafter, more robust methods of
cohort enumeration and exposure estimation allowed
refined estimates of the dose response relationship be-
tween benzene and aggregate leukemias[11,12]. More
recently, several case-control studies, cohort studies
and updates have been reported, some of which contain
quantified benzene exposure estimates and more robust
diagnostic procedures for leukemia subtypes.

Previous reviews of the leukemic subtypes associ-
ated with benzene have yielded disparate conclusions.
Lamm et al.[13] concluded that the evidence strongly
supported a causal connection between acute myelo-
cytic leukemia (AML) and benzene, but that evidence
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research as well as the use of refined diagnostic meth-
ods for leukemia subtypes.

2. Methods

2.1. Search and inclusion criteria

We searched the epidemiologic literature on ben-
zene exposure and leukemia in the MEDLINE and
TOXNET databases through October 2004 using the
keywords “benzene”, “leukemia” and “adverse health
effects”. We complemented this search by reviewing
the reference lists from extant literature reviews and
criteria documents on benzene. Over 1000 abstracts
were reviewed to identify studies that possibly met cri-
teria described below.

The selection of studies for inclusion in this report
was based on several criteria. First, only peer-reviewed
published studies were included. Second, studies were
evaluated as to whether some attempt to measure ben-
zene exposure per se was made. Studies that measured
total hydrocarbons or total aromatics, for example,
were not included, although benzene exposure may
have been present. However, studies that measured ben-
zene along with several other solvents or substances
were included. Third, studies were required to have re-
ported risks on at least one of the four major leukemia
subtypes: acute myelocytic leukemia, acute lympho-
cytic leukemia, chronic myelocytic leukemia or chronic
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oncluded that evidence linking lymphocytic leukem
o benzene was similar to that for myeloid leukem
iscrepancies in the conclusions between these

eviews are based on the information available a
ime of the review, as well as the study inclusion crit
mployed.

Since the latest review, several new studies h
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ious study contained more specificity regarding r
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After reviewing abstracts, a full-text review w
onducted on more than 400 possibly relevant pub
ions. For studies possibly satisfying the above crite
e abstracted all data on relative risk (RR) meas
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(e.g., odds ratios (ORs); standardized mortality ra-
tios (SMRs)), with corresponding confidence intervals,
standard errors andp-values when available. If confi-
dence intervals were not given, estimates were obtained
using the methods of Cornfield[21] for case-control
studies and Breslow and Day[22] for cohort studies.
In some cases, standard errors or confidence intervals
were estimated using methods outlined in Greenland
[23]. In studies not reporting the full complement of
subtype results, we used case listings to obtain cell-type
specific counts, when available. Background mortality
or incidence rates for leukemia subtypes were obtained
from information supplied by the study or externally
from published reports of comparable populations with
respect to age, sex, time period, and geographical area.
The Appendix provides further details of the estimation
and selection procedures used for each study.

We categorized studies according to characteristics
including design, exposure assessment, disease clas-
sification, and control for confounding variables. We
also classified studies with regard to the type of industry
studied. Study design consisted of either cohort studies
or case-control studies, which were further categorized
into population-based and nested case-control stud-
ies. Exposure assessment considered the source of the
underlying exposure data and the exposure metric(s)
used. Studies using actual measurements or quantita-
tive cumulative exposure estimates were distinguished
from those using less informative surrogate mea-
sures including relative exposure intensity, employ-
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ent duration, or ever/never classifications. Dise
lassification considered the source of diagnostic
ormation and whether there was clinical confirma
rom medical records or histopathological, morp
ogical and/or cytogenetic reviews. We also class
tudies as to whether the International Classifica
f Diseases (ICD) or the French–American–Bri
FAB) schemes were used (no studies used the
ised European–American Lymphoma (REAL) cl
ification scheme). An evaluation of confounding
luded a determination of whether the study accou
or age, sex, and smoking, as well as other qua
ble aspects relating to case ascertainment, la
nd follow-up completion. Finally, studies were cla
ed by industry type to provide information on like
xposure intensity as well as the likelihood of ot
xposures in the work environment. These indus
ectors (according to approximate exposure inten
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included petroleum/gas; chemical; paint/multiple; and
printing and rubber/shoe-manufacturing. Relative risk
estimates and confidence intervals were plotted accord-
ing to study design and industrial sector. Population-
based studies were not plotted according to industry
sector, but one workplace study involving multiple in-
dustrial sectors was classified under “paint/other” since
a large percentage of study subjects were painters.

3. Results

The selection process identified 22 studies for inclu-
sion. Nine of the 22 studies were cohort studies, which
are summarized inTable 1.

Five of the nine cohort studies were performed in
the US, no other country yielded more than one study.
Seven of the nine cohort studies enumerated the total
population at risk, while two provided only an estimate
of this population. The latter two studies were thus un-
able to directly adjust for potential age differences in
the exposed and comparison populations. These two
studies are thus classified as “crude” cohort studies,
as they have some unique methodologic weaknesses
compared to the remaining seven. Four of the nine co-
hort studies yielded cumulative exposure estimates and
examined dose response relationships. One of the co-

hort studies classified acute leukemias according to the
FAB criteria, while four of the nine studies used only
the death certificate diagnosis to classify leukemias.
Three of the nine studies were done in an environment
where benzene was the primary exposure, while only
one of the nine studies was characterized by multiple
agents other than benzene.

Table 2summarizes the 13 case-control studies that
met the study criteria. Four of the 13 were conducted
in the US, with two each in Sweden, Italy and France.
Only three of these thirteen studies were nested within
larger cohorts, with attendant advantages in exposure
assessment. On the other hand, the 10 population-
based studies primarily used an ever/never exposure
metric and thus, did not perform dose-response anal-
yses. However, five of the 13 studies, all population-
based, used the FAB nomenclature for classifying acute
leukemias, usually with attendant cytogenetic analyses.

Fig. 1 shows characteristics of all 22 cohort and
case-control studies. The studies were published be-
tween 1964 and 2004. Eleven studies consisted of mul-
tiple industries, five were in petroleum/gas workers,
three in chemical workers, and three related to shoe,
printing, and rubber industries. Regarding the highest
quality exposure metric used, 6 had indices of cumu-
lative exposure, 4 had information on relative inten-
sity and/or duration of exposure, and 12 studies had

Table 2
C

S
a

Dose
anal

P
Yes
Ye

Yes
No
No e

No
No
No
No
No

N
Yes
Yes

Yes

ve ben
ase-control studies on benzene and leukemia subtypes

tudy (first author
nd year)

Country Number of casesa

(AML/CLL/CML/ALL)

opulation-based
Adegoke (2003)[28] China 26/–/15/9
Albin (2000)[29] Sweden 39/–/–/–
Ciccone (1993)[30] Italy 8/–/6/–
Crane (1992)[31] US 4/–/–/–
Flodin (1986)[32] Sweden 0/–/–/–
Linet (1987)[34] US –/36/–/–
Linos (1980)[35] US –/3/–/–
Malone (1989)[36] US –/13/–/–
Mele (1995)[37] Italy 5/–/–/–
Richardson (1992)[38] France 15/–/–/0

ested
Glass (2003)[17] Australia 6/7/1/–
Guenel (2002)[33] France 6/4/6/3
Rushton (1997)[18] UK 25/30/8/2

a Number of cases of AML, CLL, CML, and ALL exposed abo
b BTX, primarily benzene, toluene, and xylene.
response
ysis

Exposure
metric

Disease
classification

Other
exposures

Duration Cancer registry/ICD Multiple
s Intensity FAB Multiple

Ever/never FAB Multiple
Ever/never FAB Multiple
Ever/never Medical records/ICD Multipl

Ever/never Medical records/ICD Multiple
Ever/never Medical records Multiple
Ever/never Cancer registry/ICD Multiple
Ever/never FAB Multiple
Intensity FAB Multiple

Cumulative Medical records/ICD BTXb

Intensity Cancer registry/ICD Some
Cumulative Cancer registry/ICD BTXb

zene background level (“–” indicates no data).
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Fig. 1. Characteristics of 22 studies on benzene and leukemia subtypes.

an exposure characterization of ever versus never. Five
of the studies employed FAB nomenclature, eight used
hospital and/or medical records, while four used only
death certificates to classify subtypes. The majority of
studies (n= 15) had exposure environments character-
ized. by the presence of other chemicals or as having
multiple substances; only three studies were in envi-
ronments where primarily benzene was present.

Figs. 2 and 3show relative risks and confidence in-
tervals for AML by study design and industry sector,
respectively. InFig. 2, elevated risks are documented
across cohort and case-control studies, and within the
types of cohort and case-control studies. Risks are par-
ticularly high in the early crude cohort studies proba-
bly due to the higher exposures prevalent in these time
frames, rather than design differences. Within the case-
control studies, suggestive indications of dose response
relationships are seen in all three nested studies, but
only one of three population-based studies. This may be
a result of relatively more precise exposure assessment
in the nested studies.Fig. 3shows particularly high and
significant AML risks with positive dose response rela-
tionships especially in the more highly exposed rubber,
shoe, and paint sectors. Risks are somewhat lower and
often not statistically significant in the petroleum, gas
and chemical sectors. These studies confirm that there
is a well-documented relationship between AML and

benzene, in which dose response relationships are seen
across study designs.

Figs. 4 and 5show results for CLL. An interesting
pattern of results emerges by study design (Fig. 4), in
that nested case-control studies tend to show elevated
risks, with possible dose response relationships in at
least two of the three studies. On the other hand, co-
hort studies show no such risks, while only one of three
population-based case-control studies reports an ele-
vated risk. When examined by industry sector (Fig. 5),
there are few studies in more highly exposed sectors,
but they do not suggest an excess risk of CLL. Most of
the studies were conducted in relatively lower exposure

Fig. 2. AML results by study design.
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Fig. 3. AML results by industry sector.

Fig. 4. CLL results by study design.

environments, with some suggestive dose response re-
lationships within the studies.

Figs. 6 and 7show risks for CML by study design
and industry sector, respectively. Four of five cohort
studies have not found CML in benzene-exposed work-
ers. For case-control studies, the more suggestive evi-
dence comes from population-based, rather than nested

Fig. 5. CLL results by industry sector.

Fig. 6. CML results by study design.

Fig. 7. CML results by industry sector.

case-control studies. However, the number of studies is
small, and the width of confidence intervals often spans
more than one order of magnitude, reflecting the rela-
tive rarity of CML.

Finally, Figs. 8 and 9display risks for ALL, the
rarest leukemia subtype in adults. In general, risk es-
timates in the cohort studies do not suggest elevated

Fig. 8. ALL results by study design.
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Fig. 9. ALL results by industry sector.

risks of ALL, but confidence intervals are extremely
wide. The two case-control studies that have examined
dose response both suggest a possible relationship, but
two other case-control studies do not suggest an excess
risk. Again, the paucity of studies on ALL and rarity
of the tumor yields sparse information on the potential
relationship with benzene.

4. Discussion

Although benzene is classified by many regulatory
bodies as a proven human leukemogen, the precise re-
lationship with different leukemia subtypes is still an
open question. Most would agree that the relationship
with AML is proven, but there is considerably more un-
certainty regarding the other three major subtypes (as
well as other LH cancers, which is not a focus of this pa-
per). We surveyed the extant literature and used criteria
that were focused on identifying studies which yielded
information on exposure to benzene per se, the risk for
specific leukemia subtypes, and the ability to estimate
relative risks. We identified 22 studies conducted over
40 years that contained relevant information. The stud-
ies were classified according to various characteristics
and results were presented by study design and industry
sector with the aim of discerning whether the pattern
of results differed by leukemia subtype.

Despite the considerable number of publications on
benzene, it is surprising that this comprehensive search
y that
w The
p that
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tumors, particularly CML and ALL, and the ability to
subtype leukemias has evolved over the 40 years in
which we identified studies. Several studies simply re-
port on total leukemias with no further information.
Yet etiologic factors between leukemia subtypes are
marked[39].

Our results indicate that there are somewhat differ-
ent patterns of risk between subtypes. The pattern of
results may be influenced somewhat by the amount of
information present for each subtype. Thus, it is easier
to discern patterns for AML, and to some extent, CLL,
because more studies report on these subtypes.

The AML results are, not surprisingly, consistent
with a relationship with benzene. Dose response trends
are seen across study designs, particularly in the “well-
conducted” cohort studies. Higher risks are seen in the
rubber, shoe, and paint industry sectors, where benzene
exposures have been historically high. This pattern of
the stronger designs and higher exposures showing
higher risks is consistent with an AML/benzene rela-
tionship.

For CLL, a somewhat different pattern emerges.
Most, but not all, of the suggestive results reside in the
nested case-control studies, and not the cohort studies.
Suggestive dose response relationships are present in
two of three nested case-control studies[33,17]. The
third nested case-control study shows somewhat ele-
vated odds ratios in three of the four exposure cate-
gories, but not the penultimate category. This could
be the result of small numbers within each category.
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arge populations are needed to detect increases i
he nested case-control studies have advantag
erms of benzene exposure assessment compa
he population-based case-control studies. Thus
act that these studies tend to show somewhat ele
isks, while two of the three population-based stu
o not, can be thought of as consistent with a true

ionship. Detracting from this, however, is the fact t
one of the cohort studies suggests a risk. One c
tudy, performed in Chinese workers, did not re
LL, consistent with the fact that this subtype is m

ess prevalent in the Chinese general population.
ighly exposed shoe workers in both the Aksoy[10]
nd Vigliani[9] studies showed no CLLs.

Smaller numbers hinder a definitive assessmen
he remaining two subtypes. For CML, there are o
0 studies (five case-control and five cohort) where
tive risks are reported. The five case-control stu

ncluded at least crude assessments of dose resp
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but only one[28] found a suggestive trend for CML.
Similarly, only one of five cohort studies[20] found a
somewhat elevated risk of CML. Categorizing results
and searching for suggestive patterns was generally un-
informative because there were relatively few studies,
and of the ones conducted, few suggested an increase
in risk for CML. While these results for CML seem the
least persuasive in terms of a potential benzene/subtype
risk, definitive conclusions are hindered by relatively
few studies and wide confidence intervals.

Finally, for ALL, the paucity of studies is particu-
larly apparent. Only eight studies have been conducted,
(four cohort, four case-control) while only two of the
case-control studies have reported at least crude dose
response analyses. Both of these studies showed at least
suggestive relationships[28,33]. Five of the other seven
studies, however, report risks at or below unity, includ-
ing three of four cohort studies. This pattern is not per-
suasive in demonstrating a benzene/ALL link, but as
for CML, it is difficult to evaluate such patterns due to
the sparse data.

We have shown that the risk for AML is consis-
tent across study designs and somewhat higher in the
more strongly designed studies and more highly ex-
posed industry sectors. This pattern is not seen for the
other three subtypes, although fewer studies have re-
ported results for these subtypes. Particularly for ALL,
results are sparse and difficult to evaluate. Thus, while
the evidence to date confirms the link between AML
and benzene, further work is necessary to allow more
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addition, this review added information from 16 new
studies not included in[13]. Thus, this review differs
from the Lamm report in that we concentrated on rel-
ative risk estimates rather than the proportion of cases,
and new information was added for 20 studies.

Savitz and Andrews[14] also reviewed the litera-
ture on benzene and leukemia subtypes as well as other
lymphohematopoietic cancers. Based on 14 studies ap-
plicable to leukemia subtypes, these authors concluded
that the evidence linking benzene to subtypes other than
AML is no less persuasive than that for AML alone.

In some cases, these authors applied inclusion crite-
ria similar to ours, but there are also some important dif-
ferences. Like the present report, Savitz and Andrews
included only studies that measured benzene per se,
and only included studies that generated relative risks
based on appropriate numerator and denominator data.
The major difference in inclusion criteria was that we
required a study to report on at least one of the four ma-
jor subtypes, while Savitz and Andrews also included
studies that classified leukemias as “acute”, “lympho-
cytic”, and/or “myeloid”, not otherwise specified. The
present report included seven of the 14 studies in the
Savitz and Andrews review pertaining to leukemia sub-
types. In addition, we included either updated or more
specific subtype information from two of the 14 studies,
while the remaining five did not meet our study criteria.
In addition, our review included 13 other studies, the
majority of which were published after the Savitz and
Andrews review[14].
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ddition, each of the other four studies used by La
ere updated over the past 15 years, thus this r
sed the updated information for these four studie
Our results differ somewhat from those of Savitz
ndrews, who did not detect a difference in risks

eukemia subtypes. Part of this difference is simply
o the inclusion of more studies in the present rev
nother reason for the difference is that Savitz and
rews evaluated somewhat different entities. While
estricted evaluation to AML, ALL, CML, and CLL
avitz and Andrews examined AML, CLL, “lymph
ytic”, “myeloid”, and “acute leukemia”. By compa
ng AML, “myeloid”, and “acute” leukemia, Savitz an
ndrews were comparing overlapping categories;

s, “acute” leukemia and “myeloid” leukemia wou
onsist of many cases of AML. In fact, five of the
tatistically significant results reported in the Savitz
ndrew review are from the three classifications
onsist of presumably many or all cases of AML.

We are aware that the use of the REAL classifica
cheme will affect how leukemias and lymphomas
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reported in the future. In particular, acute lymphocytic
leukemia is grouped with lymphoblastic lymphoma
to form a new entity called “precursor lymphoblastic
leukemia/lymphoma”. This change is not a marked one,
since ALL will probably predominate in this new cate-
gory[40]. The new scheme has a much larger impact on
CLL, as this will be one of three entities under “chronic
lymphocytic leukemia/lymphoma”. Small cell lym-
phocytic lymphoma and prolymphocytic leukemia will
also be part of the new category. While we did not locate
any benzene studies that employed the REAL scheme,
we would expect that this new entity will ultimately
provide a clearer picture of potential benzene-related
risks, especially for B versus T-cell entities.

Other than the lack of data on rarer subtypes,
there are other shortcomings of this review. Except
for displaying the basis for disease classification in
Tables 1 and 2, this review does not account for the
quality of that classification directly. It is likely that
earlier studies used cruder methods (many based on
morphology only) to subtype leukemias. Rarer sub-
types such as erythroleukemia and ALL may have been
particularly prone to error in early studies, both in
terms of specificity (misdiagnosis) and sensitivity (i.e.,
under-reporting). In addition, in some cases, we needed
to estimate populations at risk, background rates of
leukemia subtypes, standard errors, and/or confidence
intervals. This source of uncertainty likely applies more
frequently to risks of ALL and CML, since results for
the other two subtypes were reported more frequently.
W ssi-
b en
t e re-
s AB
s pes
o the
e by
s ML
b

stent
l igns
a sed
i was
n as a
s ies,
b ML,
t ben-
z ere

was also little consistent evidence of a link to benzene,
although this was based on few studies and very wide
confidence intervals. Sparse data limit definitive con-
clusions, especially for ALL, and somewhat for CML.

Appendix A. Estimation and selection
procedures according to study

In this appendix, table numbers refer to tables in the
papers cited, not to tables in this review.

A.1. Aksoy et al.[10]

Another Aksoy publication (1980) provided a distri-
bution of leukemia subtypes among a series of hospital
patients (exposed and non-exposed) comparable with
respect to the time period and mean age at diagnosis
[41]. The present study cites an overall incidence of
leukemia in the general population of 6 per 100,000.
Cell-type specific incidence rates can be estimated
by multiplying the general population rate times the
percentage of subtype in the non-exposed group. This
yields non-exposed or background rates (per 100,000)
of 1.5, 1.62, 1.26, and 1.62 for ANLL, ALL, CML, and
CLL, respectively. The present study cites 22 leukemia
and four pre-leukemia among 28,500 exposed workers
during 1967–1973. Person years at risk (PYAR) can
be estimated at 199,500. The breakdown of subtypes
given is 14 AML, 19 ANLL, and 3 ALL. The study
a r the
2 ,000
c ting
t ong
e 0,000
f re
n ach
s und
r rson
y ere
e

A

re-
s re
g using
t ter-
v

e also did not examine the effect of including po
ly different AML subtypes in the risk estimates; wh

here was a choice, we extracted the more inclusiv
ults for AML. The studies that did not use the F
cheme mostly included only the M1 and M2 subty
f AML, although there were a few exceptions. To
xtent that the risk of benzene-induced AML varies
ubtype, we may have misestimated the risk of A
y including the widest definition of AML.

Based on the literature to date, we found a consi
ink between benzene and AML across study des
nd industry sectors. For AML, more highly expo

ndustry sectors showed higher risks. This pattern
ot evident in the other three subtypes. There w
uggestion of CLL risk in nested case-control stud
ut not population-based nor cohort studies. For C
here was not consistent evidence of a risk due to
ene in the studies reported to date. For ALL, th
lso reports an incidence rate of 13 per 100,000 fo
6 cases. From this, an incidence rate of 11 per 100
an be estimated for overall leukemia after subtrac
he 4 pre-leukemias. The corresponding rates am
xposed workers are then estimated at 9.5 per 10
or ANLL and 1.5 per 100,000 for ALL. There we
o cases of CML or CLL. The expected cases for e
ubtype were calculated by applying the backgro
ates estimated above to the total number of pe
ears at risk (199,500). Confidence intervals w
stimated using the procedure of Breslow and Day[22].

.2. Ciccone et al.[30]

Based on the AML and CML case distribution p
ented inTable 2, crude ORs for low and high exposu
roups were calculated separately and combined

he referent group with no exposure. Confidence in
als were estimated using Cornfield’s method[21].
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A.3. Collins et al.[16]

SMRs for ANLL and CLL were calculated for the
combined exposure group and the method of Breslow
and Day[22] was used to estimate confidence intervals.

A.4. Crump[24]

Of 14 total deaths from leukemia, 8 were AML (in-
cluding 2 monocytic). We used this study rather than the
Wong, 1995 update[42], because Wong only included
six AML’s, and we could also estimate other subtype
specific risks from the data presented. For, AML, re-
sults from Crump were used. In addition, according
to Rinsky et al.[43] there were also two CML, one
ALL and two unspecified (Appendix A) in the Crump
population. Based on SEER US. male age-adjusted
incidence rates for each subtype during 1973–1978,
an average percentage distribution yielded: 13% ALL,
43% CLL, 28% AML, and 17% CML (Ries et al., 2000)
[44]. Study findings indicated an overall expected num-
ber of 4.75 leukemia deaths. Expected deaths for CML,
ALL, and CLL subtypes were estimated by multiply-
ing the percentage of the subtype times the overall
expected number of 4.75. Confidence intervals were
estimated using the procedure of Breslow and Day
[22].

A.5. DeCoufle et al.[25]

259
e ypes
w cute
m um-
b -
p ated
b s as
e ere
e

A

a of
0 ogit
e dure
(

A.7. Glass et al.[17]

Confidence intervals were not reported for the ex-
posure categories of CML in Table 6. Another re-
port of this study population by the investigators
provided a distribution of cases (accessed 11/4/2004
at http://www.aip.com.au/pdf/casestudy.pdf). Confi-
dence intervals, when not provided, were calculated
for the case-control logit estimate using the SAS FREQ
procedure (SAS, 2003)[45].

A.8. Guenel et al.[33]

The two exposure groups in Table 6 were combined
and compared to the referent category of never exposed.
Confidence intervals were calculated using Cornfield’s
method[21].

A.9. Hayes et al.[19]

ANLL results were obtained from Hayes et al.[19]
and the other subtype results were obtained from Li
et al.[20] since they were not reported in Hayes et al.
[19].

A.10. Linet et al.[34]

The ORs presented in Table 2 ranged from 0.58 to
1.5. We selected the “NOHS all subjects” OR of 0.89
w

A

ere
e trols.
T
p otal
C ses.
F on-
fi hod
[

A

e 4)
w esti-
m

The study reported 3 leukemia deaths among
xposed males followed through 1977. The subt
ere one CLL, one acute monocytic, and one a
yelomonocytic. The study cited a total expected n
er of 0.44 for leukemia with ap-value < 0.01. Ex
ected numbers of deaths for subtypes were estim
ased on the proportional distribution of SEER rate
xplained above for Crump. Confidence intervals w
stimated using the method of Breslow and Day[22].

.6. Flodin[32]

Table 3 provides the number of exposed cases (n= 0)
nd controls (n= 3) along with a crude rate ratio
. The confidence interval for the case-control l
stimate was obtained using the SAS FREQ proce
SAS, 2003)[45].
hich was approximately mid-range.

.11. Linos et al.[35]

The study reported 138 total leukemia cases; 4 w
xposed to benzene compared to 3 among 276 con
hree of the four exposed cases were CLL.Table 1
rovided a case distribution by subtype with 46 t
LL. This implies there were 43 unexposed CLL ca
rom this, a crude OR for CLL was calculated and c
dence limits were estimated using Cornfield’s met
21].

.12. Lynge et al.[26]

Results for males (Table 3) and females (Tabl
ere combined and confidence intervals were
ated using the method of Breslow and Day[22].

http://www.aip.com.au/pdf/case_study.pdf
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A.13. Malone et al.[36]

While the OR and confidence interval given in Table
1 indicates “aromatic hydrocarbon” exposure, the text
states that this result is specific for benzene exposure.

A.14. Mele et al.[37]

Table 2 gives separate findings for acute promye-
locytic leukemia (APL) and other AML. ORs are re-
ported for the occupation of shoemaking adjusted for
age, sex, education, and residence. Adjusted OR’s and
confidence intervals were calculated for the combined
groups of AML by weighting the individual adjusted
ORs and confidence intervals by the proportion of cases
in each AML sub-type.

A.15. Richardson et al.[38]

Table 5 reports adjusted ORs for “high or medium
levels” of benzene exposure for ALL and AML. No
confidence interval was given for ALL and it was esti-
mated based on the control frequencies in Table 2 com-
pared to the ALL case frequencies in Table 5 using the
SAS FREQ procedure (SAS, 2003)[45].

A.16. Rushton et al.[18]

No confidence interval was reported for the ALL
OR for cumulative exposure as a continuous variable.
T rom
T of
P

A

9 ex-
p and
1 d us-
i udy.
C thod
o

A

,000
f Mi-
l was

given as 46% acute, 28% CML and 26% CLL. Separate
subtype data for Tuscany indicates that 16% of acute
leukemia are ALL (personal communication, Constan-
tini, 2004)[47]. Subtype incidence rates (per 100,000)
for similar time periods were estimated based on this
distribution: 3.86 for AML, 0.74 for ALL, 2.8 for CML,
and 2.6 for CLL.Table 1provides the number of acute
leukemia cases by year from 1960 to 1963 for 5000 ex-
posed workers in Pavia and Milan. The text states that
no cases of CML or lymphatic leukemia (i.e., ALL or
CLL) occurred among exposed workers. Therefore, all
12 acute leukemia inTable 1are AML. All cases oc-
curred during 1960-1963 among exposed workers with
an estimated 20,000 PYAR. Expected numbers were
derived by multiplying subtype background rates esti-
mated above by 20,000 PYAR (expected = 0.15, 0.77,
0.56, and 0.52 for ALL, AML, CML, and CLL, respec-
tively). Confidence limits were obtained by the method
of Breslow and Day[22].
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