
Collegium 
Ramazzini Meeting 

Carpi, Italy 
October 29-31, 1993



FACT:  Benzene exposure leads to bone marrow toxicity 
primarily through metabolism to hematotoxic metabolites.

QUESTION:  Is it understood which metabolite(s) is 
responsible?

MUSING:  Many of us think we know, but we all know 
different things.  Gisela Witz and I believe it is a ring-opened 
metabolite, such as muconaldehyde; others believe it is a free 
radical; while still others believe it is one or more hydroxylated
metabolites such as hydroquinone and catechol.





Occam’s Razor is Dull

Simplest Proposition:
One metabolite acting through one mechanism 
attacking one target

Likely Truth: 
Multiple metabolites acting through multiple 
mechanisms attacking multiple targets



FACT:  Benzene causes human acute myelogenous leukemia 
and its variants.

QUESTION:  Does Benzene cause other hematological 
neoplasms?

MUSING:  Probably yes for multiple myeloma, acute and 
chronic lymphatic leukemia, non-Hodgkin’s Lymphoma, and 
chronic myelocytic leukemia.  Possibly yes for Hodgkin’s 
disease, myelofibosis and myeloid metaplasia and others.  As 
benzene does damage hematological stem cells, produces 
chromosomal effects in lymphocytic cells and causes at least 
one hematological neoplasm, it would not be surprising if it 
produced others as well.  Problems having to do with latency 
periods, background incidence, and age of exposure may limit 
this epidemiological evidence.



Hematological Nomenclature

The Tyranny of Semantics:
“Corpuscularization”



Hematologic Effects of Benzene

Causality Indisputable
Pancytopenia, Aplastic Anemia
Acute Myelogenous Leukemia 
(Including Acute Myelomonocytic Leukemia, 
Acute Promyelocytic Leukemia, 
Erythroleukemia)
Myelodysplasia



Abbreviated Nomenclature of 
Major Hematological Cancers

Leukemia
Basically four types: acute and chronic 
myelocytic leukemia; acute and chronic 
lymphocytic leukemia.
Acute myelocytic leukemia (AML) has a variety of 
subtypes and is often classified as acute non-
lymphocytic leukemia (ANLL)



Additional Hematological Nomenclature 
Particularly Pertinent to Benzene Toxicity

Myeloproliferative syndrome

Myelodysplasia



Hematologic Effects of Benzene

Causality Almost Certain
Acute and Chronic Lymphocytic Leukemia
Non-Hodgkin’s Lymphoma
Multiple Myeloma



Abbreviated Nomenclature of Major 
Hematological Cancers 
(Revised European-American Lymphoma Classification)

Lymphocyte  neoplasm
- Hodgkin Lymphoma
- Non-Hodgkin Lymphoma

- Acute and chronic lymphocytic leukemia 
- B & T lymphocytic neoplasms (formerly classified as 

non-Hodgkin lymphoma; NHL)
- Plasma cell tumors including multiple myeloma



Biological Plausibility of Causal 
Relationship of Benzene to Non- 
Hodgkin’s Lymphoma

Non-Hodgkin’s Lymphoma is a family of lymphocytic 
tumors
Exposure to benzene destroys lymphocytes and  causes 
chromosomal abnormalities in lymphocytes
Benzene is a known cause of leukemia, a bone marrow 
cancer, through a mechanism that leads to the presence 
of a carcinogenic metabolite within the bone marrow.
The bone marrow is a lymphoid organ.
Rats exposed to benzene develop lymphomas



Meta-analysis supporting benzene as a 
cause of Non-Hodgkin’s Lymphoma

40/43 case control studies of benzene-exposed 
workers show some elevation in NHL risk; 23/43 
being stat. significant
23/26 cohort studies rate of NHL mortality higher 
than for mortality from all cancers
Importance of healthy worker effect

Smith et al, Ca Epid Biomarkers Prevention 16:385-391, 2007.  See 
also Steinmaus et al Occ Env Med 65:371-378, 2008



Chinese Benzene Cohort Study
74,828 exposed and 35,805 unexposed 
workers
Leukemia deaths: RR 2.3, 95% CI 1.1-5.0
Malignant lymphoma deaths: RR 4.5, 95% 
CI 1.3-28.4
No deaths from multiple myeloma in either 
population





A meta analysis supporting a causal role 
for benzene in multiple myeloma 
(Infante, P: Ann NY Acad Sci 1076:90-109, 2006)

- Pooled data from seven cohort studies 
results in a weighted relative risk 
estimate of 2.13 (95% CI = 1.31-3.46)

- Key issue is which studies to include or 
exclude

- Points out problems in epidemiological 
analysis related to disease latency 
periods.



Epidemiology critique made easy: 
(Wong and Raabe, 2000)

- combined analysis of over 300,000 refinery 
workers said to show no increase in NHL as a 
result of benzene exposure
- study not suitable for making judgment about 
benzene as a cause of NHL as lack of positive 
control: no increase in AML demonstrated
- study does show that those in the workforce 
with likely higher level of benzene exposure did 
have an increase in NHL



Wong and Raabe, 2000



Overestimate of leukemia risk due to 
surveillance bias

Glass et al (2003) report a higher incidence 
of leukemia at very low benzene levels 
among Australian petrochemical refinery 
workers
Increase in CLL, not AML, found at lower 
benzene levels
Highly significant flaw is that the study does 
not account for surveillance bias which will 
distort incidence of CLL



FACT:  Benzene causes cancer of the blood and bone 
marrow.

QUESTION:  Does benzene cause non-hematological 
neoplasms?

MUSINGS:  There is currently no convincing evidence of 
benzene-induced non-hematological neoplasia in humans.  
However, this does occur in laboratory animals subjected to 
lifetime exposure.  We are overdue for a meta analysis of 
organ specific cancer incidence in well documented cohorts in 
which benzene exposure is sufficient to produce an increased 
incidence of hematological neoplasia.



FACT:  Benzene causes aplastic anemia.

QUESTION:  What is the relation between aplastic anemia 
and acute myelogenous leukemia?

MUSING:  It appears that aplastic anemia from any cause 
leads to an increased risk of acute myelogenous leukemia, 
perhaps related to myelodisplasia.  However, while aplastic
anemia may be sufficient to cause AML, there is no evidence 
that it is a necessary precursor, although some have argued 
that this is the case.  … Among the reasons to suspect that 
benzene can cause leukemia at doses well below those 
producing overt hematological effects is the recognition of 
chromosomal abnormalities in humans and laboratory animals 
at these lower levels.



Dose-Response Curve

Response
Observable 
Range

Range of 
Inference

Dose



Hematological effects at relatively low 
levels of benzene 
(Lan et al; Science 306:1774, 2004)

Chinese workers reportedly exposed to less than 1 ppm
benzene had a decrease in their white blood and 
platelet counts as compared to a control group
This decline in blood counts was consistent with their 
finding of a decrease in circulating precursor cells
Study needs replication.  As with any of the Chinese 
studies, questions will be raised about the benzene 
exposure assessment.
There is also a conflict with the study of Quitt et al 
reporting an increase in circulating precursor cells



FACT:  Standard biological monitoring techniques for the 
assessment of benzene exposure and effect, such as urinary 
phenol levels and blood counts, are of little value for the 
assessment of levels of benzene exposure within reasonable 
range of the present workplace standard.

QUESTION:  Are there new biological markers of exposure or 
effect that might be of value as a supplement to industrial 
hygiene in protecting workers potentially exposed to high 
levels of benzene?

MUSING:  A number of potential biological markers of 
exposure are being evaluated at lower levels of benzene 
exposure.  …





“Misuse of Genomics in Assigning Causation in 
Relation to Benzene Exposure” 
-Martyn T. Smith PhD 
International J Occupational and Environmental Health 14-2 (2008) 144-146

CRITIQUE OF:
DNA test hope over damage claims

BBC News (Sept. 17, 2007)
Available at http://news.bbc.co.uk/2/hi/healt/6998437.sym

Identification of human cell responses to 
benzene and benzene metabolites 

Bruce Gillis et al.
Genomics 90 (2007) 324-333

http://news.bbc.co.uk/2/hi/healt/6998437.sym


FACT:  Benzene is widely distributed in the environment.

QUESTION:  What is known about the ecological effects of 
benzene?

MUSING:  Relatively little is known about benzene in the 
general environment beyond the important fact that it does not 
persist.  The life time in temperate climates is said to be about 
9 days.



FACT:  Benzene is both a bone marrow hematoxin and is the 
prototypic aromatic hydrocarbon.

QUESTION:  Do other single ring aromatic hydrocarbons 
produce bone marrow toxicity?

MUSING:  Not really.  There is no evidence that toluene or 
other alkyl benzenes are hematotoxic.  Presumably 
statements about toluene-induced bone marrow toxicity in the 
older literature reflect a high level of benzene in the toluene.
Benzene hexachloride may produce aplastic anemia, but the 
mechanism is probably different.



Benzene and Alkylbenzenes
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FACT:  Benzene is a natural constituent of crude petroleum.  
There is significant pressure to decrease its concentration in 
refined gasoline and its use as a solvent and as a chemical 
precursor.

QUESTION:  Where will all this benzene go?

MUSING:  Keep an eye on consumer products.



FACT:  There is increasing pressure to decrease the current 
allowable benzene workplace exposure standard (1 ppm TWA 
in the USA).

QUESTION:  Will this happen?

ANSWER:  Probably yes, to 0.1 or 0.5 ppm TWA in the USA.



Industry’s Response to Unwanted 
Benzene Findings/Actions 

(Watch out for Peter Infante and Eula 
Bingham!!)

1. Put scientists to work to question the 
findings

2. Put lawyers and lobbyists to work to 
prevent regulation

3. Put industrial hygienists to work to clean 
up the problem 



Credentialing of the 
Public Health 

Workforce
Bernard D. Goldstein

National Board of Public Health 
Examiners
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