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Backgrouad and Overview of Proposed Investigation into the Risk of

Benzene-Induced Hematopoietic Disease

This document describes 2 project to investigate the dose response and mechanistic aspects of the
hematological effects of benzene expasure in a population of workers in Shanghai, China (PRC) . In
addition, it is intended 1o examine the reproducibility of reports from aa earlier study of a natonwide
occupational cohort in China linking benzene exposure with Non-Hodgkin's lymphoma (NHL). That study
also was interpreted to indicate that average benzene exposures as low as 5 ppm could result in acute
myelogenons leukemia {AML) and in a range of chromosomal alterations. The project descxibed below
will inclode parallel case contro! studies of NHL and AML, an investigation of the role of non-neoplastic
diseases such as aplastic anemia (A A) and myelodysplastic syndrome (MI1S)asa progression 1o AML,
and determination of the dose-response relationship between beazene exposure and selected biomarkers of
both exposure and affect.

Backpround: ¥mportance of Benzene-Based Risk Estimates

Ag accurate understanding of the mue relationship between benzene expasure and the risk of kematopoietic
discase such as AML would be of tremnendous econeric benefit to the petroleum industry and other
indurtries in which benzene oceurs as 2 constituent of products, precursors or wasie sweams. Currently,
regulatory bodics rely on health conservative default assumptions that intentionally inflate estimares of risk
whenever there is uncertainty about aspects of the risk estimation process. One example is the assumption
that the relationship between benzene exposire and hematopoictic cancer is jinear and passes through zero.
That is, no sxposure (0 benzene, however small, is without some finite risk of causing some form of
leukemia. Another is that all forms of leukemia mzy result from benzene exposure, rather than just the
mare resirichve class of acute myeloid types that is most strongly supperted by the availabie literature. The
increasing popularity of applying the precautionary prineiple is recent evidence of a philosophical shify
away from quantitative risk assessment. The precautionary principle argues that, in the absence of
adequare data to accurately estimate the risks of exposure to a chemical, exposure fo that substapce should
be reduced to the minimum extent possible or eliminated aftogether. Combating this presurmption requires
robust data sets which instil! confidence in risk estimates.

Accurate, scientifically justifiable estimates of benzene leukemia risk have the potental to create major
economic savings in several arcas where estimates of benzene-based health risks drive onerous regulations,
‘The theoretical risks of benzene in ambient air were one of the major drivers resulting in reformutation of
motar gasaline. The USEPA, in its Camulative Exposure Project, has estimated that cancer risks exceed de
minimus levels in every census wact in the U.S. dus to ambient benzene concentrations as fow as | pph,
fucling calls for anather round of gasoline refermulation. Conceerns about localized impacis of benzene
exposure have been the basis for initiatives to contral cmissions from siationary sources such as refineries
and marketing facilities. A number of publications in the Jast few years bave antempted to link increased
risks of childhood leukemix with proximity to both petroleum facilities and local maffic density, Although
these publications have had little impact to date, the emphasis on *Children's Health” may cause these
concems to resurface.

Regulatory standards which ser “acceptable”™ levels of benzene in environmental media are based on the
same default-driven theoretical estimates of leukemogenic risk that have been applied to air toxics
legislation. Benzene-based standards frequently drive risk estimares during remediation of former
petroleurn facilities which translates into exeessive amounts of dirt hauled away as bazardous waste and
extensive purnp and treat activiges for groundwater. Waste soeams and by-products of petraleum
production activities, although cumrently exempted by law, can centain levels of benzene that would
otherwise result in these materials being repulated as hazandous wasie. Loss of the petrolewm production
waste exemption could Jead to massive expenditures for EXP operations in the famure.
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Litigarion tosts due to perceptions about the risks of even very low exposwres 1o benzene cost American
industry millions of dollars annually. Although only acute myeloid leukemias have any strong scientific
support for linkage with benzene exposure at any levels, lawsuits are filed alleging causal relationships
between benzene exposure ard virually every type of bematopuoietic cancer, and some non-neoplastic
disenses such as myclodysplastic syndrome. An epidemiology study conducted in China has reported an
association between occupational benzene exposure and Non-Hedgkin's lymphoma (NHL). Although this
study has been criticized in the peer-reviewed scientific lirerature for several serious flaws, it has resulted in
an increase in NHL-based litigation

Data Gaps and Uncertainties

There are a number of arcas of vacertainty regarding benzene-induced heratopoietic disease that, if
answered, have the potential to result in very large reductions in estimates of benzenc-related risks. These
are:

L} The shape of the dose-response relationship between benzenc exposure and selected hematological
discases (including the possibility of a true threshold);

1) Clearly identifying those types of hematopoirtc cancer that can be causally related 10 benzene
exposure. Currently, only acute myeloid leukemias bave a strong causal relationship, but regulatory
agencies stil} insist on assurning that afl leukermias can result fiom benzens exposure, and base risk
estimates on this assumption;

1) Clarification of the role of non-tancer hematological diseases in the etialogy of benzene-induced
leukemia. If bone marrow toxicity is a prerequisite for subsequent leukermis, then there must a prior
be a threshald;

4.} Identification of similarities between leukemia secondary to benzene exposure and the much better
understoad and studied feukemias sccondary 10 2dministration of certain chemotherapeutic drugs used
ta treat some primary cancers.  This category of uncertainty includes the ability 1o identify a marker or
ather characteristic of levkernia induced by exposure to benzene, rather than those resulting from
errors in DNA repair or other “patural causes™;

- 5) Chnfication of the quantitative relationship between benzene expasure and poiential indicators of

cxposure o of effect. This includes determining which of these two categories patential indicators
actually represent. This is importam because of 3 desire by USEPA 1o use “biomarkers” to sxtend the
dose response-curve for cancer to lower exposures by using surrogates for the actual leukemogenic

response,

Project Description
The proposed p}ujcct consists of three hfgh!y integrated aspects:

1} A popuiation-based case control study to investigate the potential relationship between benzene
exposure and both NHL and AML including an attempt to define a quantitative potency for the AML
response;

1) Ahospialelinic-based investigation of the rclatmns!np berween non-neoplastic dissases uf‘ the bone
marrow znd AML to determine if there is a progression through stages of bone marrow cytotoxicity to
an ultimate levkemogenic response. This study wouald also atiempt to define, both a potency and the
shape of the dose-response for these “precursor™ diseases;

3) A “wmnsitionsl” study to investigate the quantitative relationships between benzene exposure and
polential early indicators of both exposure and cffect in a focused population of benzene.sxposed shoe
manufacturing workers.

All three of these aspects are highly integrated in that the potential cases for the case control studies will
have their diagnases confirmed and their subtype and viral smtus determined by the same laboratory that
will conduct the cymg:ne[ic m!yscs which are part of the third portion of the project. The progression
study, the second portion of the peoject, will use the shared laboratory facilities, and many of the “cases™ in
the AML case-control smdy may also be inciuded in the progression study.
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Case~-Control studies

A collaboration berween the US National Cancer Iastitute and the Chinese Academy of Medicine (the
NCTVCAPM study} was published as a cohort srudy of Chinese workers occupationally exposed to benzene
in 3 number of industries. The NCUCAPM study reported an association between benzene expasure and
Non-Hodgkin's lymphoma. This asseciation has not been reported in any ather study of benzene health
cffects, and contradicts the general scientific consensus that acute myelogenous leukemia (AML) is the
only hematopoietic cancer which can be clearly associated with human expasure to beazene, This
publication has already been used 10 support litigation alieging benzene-induced NHL. The study also has
teported an association between beazene expasure and AML, but interpreted the results to indicate that
average benzene exposures of around 5 ppm could lead to AML. An association between AMY. and
benzene exposurz at these levels has not been reported previously and threatens current occupational
standards in Furope, the U.5., and the rest of the world,

This project will initiate a population-bascd case-control epidemiology study of NHL and AML in the
population of Shanghai. The ¢ase-control design will allow a focussed examination of the NCI-claim that
benzene exposure can cause NHL. NHL is not a single diszase but, rather, is 2 collective of over a dozen
phenotypically distinct hematopoistic caneers.  As has been done traditionally, the NCUCAPM study
lnoked only at the lumped cancers. The proposed consortium study design includes subtyping each
individual case to determine if a positive response is confined to only one component of NHL.  1n addition,
the viral smmus of each case will he derermined because it is known that active infection with any of a
number of viruses has been cusally refated to increased risk of NHL., Cenfounding by this factor may
explain the NCI/CAPM observation. This portion of the project, as well a5 the other two listed above, will
include independent analysis of benzene exposures which will allow a check on the exposure estimation
procedures used by the NCI in their publications. EFf the quality of the exposure data permit, an estimate of
the quantitative patency of {slopc factor} will be made for any cancer type with a positive association with
benzene exposure. Currently, through Dr. Ono Wong, we have contcts with the Departments of Public
Health and Hematology of Shanghai Medical University. Through thal institution we have contacts with
the Shanghai Tumor Registry and the Shanphai Ceater for Discase Control, which is the goveromental
tepository for workplace exposure information. Protacols are under current development based upon the
results of an in-depth feasibility study conducted in August, 1999 by Exxon Biomedical Sciences, Inc. and
Dr. Richard lrons of the University of Colorade and funded under the 1999 budget.

Disease Progression/Molecular Epidemiole; tudy

Researchers, using subsets of workers from the NCYCAPM cobert study, bave publishzd papers that repant
an associztion between benzens exposure and a number of chremoesomal abnormalities. Some of these
abnormalities are reportedly assaciated with airbomne benzene concentrations as low as 5 ppm, close to the
current 1 ppm OSHA PEL for benzene. The significance of these studies is difficult to interpret due to
prablems with exposure assessment in the NCUCAPM cohort study and with the way in which the
exposures are stratified. In addition, dermal exposure to benzene was widely ignared by the previous
studies. One other study from these researchers has reported significant genetic predispositions to benzene-
induced hematotoxicity. Although qualitatively plausible, evalzation of the magnitude of the effects is
again difficult becanse of the exposure and stratification issues previously mentioned.

This project will utilize individuals identified as part of the case-control epidemiology study 1o investigate
genetic effects and disruption of regulalory processes on the hematopoietic system. This study will also
allow an independent evaluation of the exposure-response patuse of these effects in a population more
highly exposed than ocours in the LS. or Ewrope, This study will identify those individuals with
hematopoietic disease, MDS or AML, that can be reliably attributed to benzene exposure, in order to
identify unique characteristics of benzene-induced disease. Due 10 the highly controlled nature of benzene
exposure in Nosth America and Western Europe, researchers have not had the apporiunity to bring modemn
medical and molecular biological techniques to bear on a single case of AML, MDS or aplastic anemia in
which benzene could be considered the probable ctiolegic factor. These results may allow a definitive
identification of hematopoictic cffects unigue to benzene exposure, and may establish a link between
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benzene-induced lenkemias and other ieukemias secondary to chemical exposure {mainly sikylation
chemotherapy) about which much is already known. The study will be performed by Dr. Richard Irons of
the University of Colorado with the collaboration and assistance of investigators from the Departments af
Hematology zad Public Health of Shanghai Medical University.

The above investigators will also be involved in an examination of the relationship between AML and other
non-neoplastic hematopoietic diseases. The combination of a relatively stable population (geographically)
with both hospital and cccupational records of bone marrow related disease has created the possibility of
investigating this relationship. Workers in benzenc-related areas are monitared for excessive exposure
(reporied to the Center for Disease Control and Prevention {CDC) as “benzene poisoning”) by means of
annual blood counts. It has been hypothesized that AMI. must be preceded by some degree of toxicity 1o
the hematopoietic system. Validation af this hypothesis would provide eritical support for a nonlinear
(sublinear} dose response of hematopoictic cffects due to benzene exposure, and would imply a non-zeto
threshald exposure 0 benzene below which there would be no risk of AML, ete. Tt is not clear at this time
how reliably individuals with benzene poisoning can be located, but cases of MDS or aplastic anemin {AA}
treated in hospitals suay be morce casily located. These issues will have 1o be resolved during the course of
the investigations.

Transiflonal Study of the Shoe Mapulacturing Industry

One area of benzene research that has received a lot of attention in the last few years is the attesmpt 1o
identify carly biological indicators that predict a later cvent such as AML or serious forms of bone marrow
toxicity such as MDS or AA. These early indicators have also been referred 1o as “biomarkers”. Some
endpoints which have been measured, such as protein adducts of benzene metabolites, are clearly
indicatars only afexposure to benzene (although thers may be some complicated relationship with
biological responses). Some endpoints, such as certain cyiogenetic abnormalities, have been claimed to be
indicatars of future effect. The NCHCAPM researchers have published several papers investgating both
phenatnena. However, twa problems remain.  The first is distinguishing berween the two types of
indicators. At this time po biological predictor of benzene-induced leukemia has been unequivocaliy
identified. Thke sccond problemn, as with other portions of the NCI/CAPM studics, is that the benzene
expasure information ¢ither relies on tenuously justified estimates of retrospective exposure, or has
presented current exposure monitoring dzia in a way that ascribes effects from a wide range of exposures o
a single mean value from that range. No publication exists in the scientific literature that has atternpted to
establish an expasure respoanse relationship fer genetic effects that is based upon several sets of data points.

The objective of this series of studies is to investigate the relationship between benzene and various blood
dyscrasias and cytogenctic abnormalities in the Shanghai shoe manufacturing industry. The dose-response
will be investigated in relation to various types of benzene exposure metries, This study will take
advantage of the wide range of benzene exposures in this accupation, which will maximize the possibility
of seeing non-linearity of any dose response that exists,  Specific aims of this facet of the overall project
are:

1.} To define benzenz dose response patierns for alieradons in blood cell counts, bone marrow
cytolpxicity and chromosomal altecations; .

2.} Todefine the most relevant exposure indicatars for sach of the effects in “1™;

3} To assess if the dose response patterns are affected by the presence of other environmental compounds
such as {oluene or xylene which conunonly are co-cxposures with benzene;

4} Toassess if the dose response patterns are altered by the presence of reported susceptibility factors in
exposed individuals; ‘

5.) To define the relationship between external benzene exposure and selected internal rocasures of
exposure,

The extent of specific aim 5 may be affected by ongoing research by the Health Effects Instirute which is
investigating several of these relationships.
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Location

The location for the proposed project is Shanghai, China. Shanghai is 2 major population center with
approximately 14 million individuals living in the local arca. Shanghai supplicd a large proportion of the
individuals studied in the NC/CAPM epidemiological study, and virtually ail of the subjects for the
ancillary studies of chromosomal alerations. Shanghai presents the unique situation of a large number of
workers with documented exposures 1o benzene at levels that have not existed in North America or
Western Europe sined the 1940°s or 50's. A feasibility study proup funded by the API Benzene Task Force
was shown records of industrial hypiene monitoring of work areas where benzene was routinely used and
where airbome benzene concentrations occasionally were in excess of 100 ppm, and where a rare data point
could exceed 200 ppm.  Although many air samples dicated exposures of less than 10 ppm,
concentrations in the range of 10 - 50 ppm were common, The regional agency in charge of maintatning
occupational health records, the Center for Disease Cootrol and Prevention, has 3 computerized database of
industrial hygiene (IH) monitoring data extending back to the mid [980"s. In addition to air maonitoring
data, blood counts of exposed workers are routinely made on an annual basis, These data are also
mzintained in computerized formby the local CDC offices. Shaaghai also contains a major medical
school, Shanghaj Medical University {(SMXF), with a School of Public Health and Hematology Department
associated with a teaching hospital. This hospital is ont of the rmajor hospitals in Shanghai and will serve
as a source for identifying potentiz] cases for the propesed studies.

The Investigators

The principal co-investigatars whe are expected to lead the project are:

Epideminlogy

Ouo Waong. D.5c, — Applied Health Sciences, San Maee, CA

Rabert Schnatter, Ph.D, ~ Exxon/Maobil Biomedical Sciences, Annandale, NJ

Hua Fu — Depary Dean, Shanghai Medicat University School of Public Health, Shanghai, PRC
Hermatology/Molecular Biology

Richard Irons, Ph.I}. - University of Colorado Health Sciences Center, Denver, CO

Guowei Lin, M.D. - Director, Center of Clinical Epidemiology, Hua Shan Hospital, Shanghai, PRC
Igdus-m'at Hygiene

Wei Lu — Deputy Director General, Shanghai Municipal Center for Disease Control and Prevention
Shanghai, PRC

Thomas Armstrong, C.1.H. — Exxon/Mobil Biomedical Sciences, Inc., Annandale, N}

The above list does not limit the possibility that additional investigators may be involved in the future, but
these identified individuals have been involved in the development of praject protocols.

Scienlific Review Commitiee

In order t ensure the objectivity and the regulatory acceptance of the resulis of this project, a committee of
independent experts in disciplines critical to the conduct of this project will be recruited to provide
oversight. These disciplines would include epidemiology, hematology, oncology, toxicology, industrial
hygicne, geneties and bioethics. The rasponsibilities of this group would include approval of any changes
to the study protocols, changes in the scope of the research and manuscripts submitted for publication that
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reportt the results of the research. It is anticipated that this group would meet at least anpually o review the
resenrch progress, as well as by teleconference or other means, as necessary, to discharpe its duties.

Project Costs and Duration

The project s described is expected to require 2 total of 6.5 +/- 305 MM over a period of § years.
Althpugh this anaualizes to 31.3MMlyear, the total cost would need to be front loaded with approximately
$2.2MM geeded in thie first year to cover initial costs of establishing dedicated laboratory facilities in
Shanghai as well as higher than average travel expenses for the initiation of acvities and training of
personnel. With a consortium of 10-12 members the average annuai cost per company would be jess than
§150K!yr,
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