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Summary

Literature on the role of chemicals in the development of

chronic lymphocytic leukaemia (CLL) and monoclonal B-cell

lymphocytosis in humans is sparse. This research is compli-

cated by the rarity of these outcomes and the different disease

classifications used over time. Several studies have noted

excesses of CLL among farmers and a few have pointed to

specific chemicals. Reports suggesting elevated CLL rates in the

rubber and petroleum industries point to a possible role for

solvents and other chemicals. The few studies that focus on

specific chemicals suggest that CLL should be more carefully

evaluated in relation to possible exposure to chemicals and

solvents, particularly for benzene and butadiene. Pooled

analyses of CLL studies within consortia offer an opportunity

to investigate the possible aetiological role of chemical

exposures with improved statistical power.
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Background

Chronic lymphocytic leukaemia (CLL) represents approxi-

mately one-third of all leukaemias diagnosed in the United

States and is the most common type in adults (Jemal et al,

2007). Whereas several environmental risk factors for acute

myeloid leukaemia have been established (e.g. exposure to

benzene, smoking, ionizing radiation and treatment with

alkylating agents used in chemotherapy), the aetiology of CLL

and its suspected precursor condition, monoclonal B-cell

lymphocytosis (MBL), remains poorly understood.

The most suggestive evidence regarding a possible role for

chemicals in the development of CLL has come from studies of

occupational exposures. The establishment of benzene as

a myeloid leukemogen (Linet et al, 2006) spurred many

toxicological and epidemiological studies to evaluate the

potential hazard of solvents and other chemicals in the

development of leukaemias and other haematopoetic cancers.

Several chemicals and other environmental factors have been

associated with cancer of the lymphatic and haematopoietic

system in laboratory animals (Gold et al, 2001) and humans

(Siemiatycki et al, 2006), although usually for histological

types other than CLL. Most of these studies have been limited

in their ability to study CLL because of the rarity of this disease

and the general tendency to group CLL with other haemat-

opoietic malignancies rather than treating it as a separate

outcome. Nonetheless, evidence of excess risk for certain

industries, occupations and workplace exposures has been

reported.

Herein, we review the epidemiological and experimental

literature regarding the role of chemicals in the development of

CLL. We also briefly review the literature on non-Hodgkin

lymphoma (NHL) and multiple myeloma (MM) because

information on these lymphoid malignancies, which are also

mainly of B-cell origin, may provide additional insight into the

possible role of chemicals in the aetiology of CLL and related

disorders.

Animal bioassays

There are about 100 chemicals that have caused haematopoi-

etic cancer in at least one sex of one species in animal bioassays

(Gold et al, 2001) (Table I). Some of these chemicals have

widespread use. Although there is no specific haematopoietic

cancer in rodents that exactly corresponds to CLL in humans,

transgenic mouse models of B-cell CLL have been developed

(Pekarsky et al, 2007). Chemicals that have widespread use and

the ability to cause various haematopoietic cancers in rodents

raise concerns about human exposure. The chemicals positive

in animal bioassays do not fall into any particular chemical

grouping and include drugs, flavours and fragrances, food

dyes, pesticides, solvents and other industrial chemicals.

Several chemicals are positive in both mice and rats; these

include allyl isovalerate, chlorambucil, dacarbazine, cyclophos-

phamide, procarbazine, ethylene oxide, formic acid, tetraflu-

oroethylene and thio-tepa. Allyl isovalerate is a fragrance used

in soaps, creams and perfumes since the 1950s. Chlorambucil,

cyclophosphamide, dicarbazine and procarbazine are alkylat-
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ing agents used in chemotherapy to treat a variety of cancers.

Thio-tepa was also used as an antineoplastic drug to treat

lymphoma until the 1970s and is still used for other cancers.

Ethylene oxide is an industrial intermediate and a sterilant for

foodstuffs and medical supplies. Tetrafluoroethylene is used to

produce polymers such as Teflon. Formic acid, the simplest

carboxylic acid, is used as a chemical intermediate and is the

venom in bee and ant stings.

Industries

Both case-control and cohort studies have reported links

between occupations and/or occupational exposures and CLL,

but none are conclusive. Excesses have been reported in some

studies among workers in the petroleum, rubber, mining,

wood and agricultural industries, and workers exposed to

solvents, styrene, butadiene and ethylene oxide, but there are

also studies that show no excesses (Linet et al, 2006). Table II

describes studies that link CLL with specific occupations,

industries or chemical exposures.

Agriculture

CLL. Several studies of farmers suggest an association with

leukaemia (Blair et al, 1992). However, the results from the

few studies that have specifically evaluated CLL are

inconsistent, reporting both positive (Blair & White, 1985;

Brown et al, 1990; Nanni et al, 1996; Zheng et al, 2002; Miligi

et al, 2003) and negative findings (Blair & Watts, 1981;

Brownson & Reif, 1988). Although exposure to pesticides is

a concern for any cancer excess observed among farmers

(Malone et al, 1989), few studies have evaluated risks from

specific chemicals or chemical groups. Excesses of CLL have

been linked to use of certain classes of pesticides (Brown et al,

1990; Nanni et al, 1996; Miligi et al, 2003) and contact with

animals (Svec et al, 2005). The Agricultural Health Study, a

large prospective study of farmers in the United States, has

found some evidence for associations between leukaemia and

alachlor (Lee et al, 2004), diazinon (Freeman et al, 2005) and

fonofos (Mahajan et al, 2006), but the numbers of cases were

too small to evaluate specific histological types. Waterhouse

et al (1996) found an elevated standardized incidence rate of

1Æ75 for CLL among residents of a county with intensive use of

agricultural pesticides.

NHL and MM. These malignancies have been consistently

associated with employment in agriculture (Khuder & Mutgi,

1997; Fabbro-Peray et al, 2001; De Roos et al, 2006; Hartge

et al, 2006; Boffetta & de Vocht, 2007). NHL has been linked to

exposure to phenoxyacetic acid herbicides and organochlorine

and organophosphate insecticides (Zahm et al, 1997). Hardell

et al (1994) reported phenoxyacetic acids were associated with

several NHL subtypes, including well-differentiated

lymphocytic, which is mainly composed of small cell

lymphocytic lymphoma and chronic lymphocytic leukaemia.

The phenoxyacetic acid herbicides are of special concern

because of their widespread use and because they are

contaminated with dioxins and dibenzofurans (International

Agency for Research on Cancer; IARC Working Group on the

Evaluation of Carcinogenic Risk to Humans, 1997).

Petroleum

CLL. In a meta-analysis of CLL among petroleum workers,

four of 17 studies had standardized mortality ratios (SMRs)

>1Æ0, but only one was statistically significant and the meta-

SMR was 0Æ84 (Raabe & Wong, 1996). A study of active and

terminated refinery and petrochemical workers found

a significant excess of leukaemia mortality among workers in

Louisiana, which was largely because of CLL (SMR = 351)

Table I. Chemicals that induce tumours of the haematopoietic system in laboratory animals (Modified from Gold et al, 2001).

Species Chemicals

Mouse Acetamide, Aflatoxin, Illyl isovalerate, Thiazole, 2-Aminoanthraquinone, 5-Azacytidine, Azathioprine, Benzene, 1,4-Benzoquinone,

Benzotrichloride, Benzoyl hydrazine, 1,3-Butadiene, 1,2-di-n-Nutylhydrazine.2HCl, Captafol, Chlorambucil, Chlorinated

paraffins, Cyclophosphamide, Dacarbazine, DDT, Dibromodulcitol, Dibromomannitol, Dioxins, Estradiol mustard, Ethylene

oxide, 5-Flourouracil, Formamide, Formic acid, Genitian violet, Hexanamide, 2-Hydrazino-4-(p-aminphenyl)thiazole,

2-Hydrazino-4-(p-nitrophenyl)thiazole), 1-(2-Hydroxyethyl)-1-nitrosourea, ICRF-159, Isophosphamide, Isoprene, MeIQx,

Melphalan, Methyl methanesulfonate, 4,4¢-Methylenedianiline.2HCl, Metronidazole, Phenesterin, Phenolphthalein, PhIP.HCL,

Phorbol, Procarbazine.HCL, Strobane, Tetrafluoroethylene, Thio-tepa, Tolylurea, Tris(2-chloroethyl)phosphate, Urethane,

C.I. vat yellow no. 4

Rat Allyl isovalerate, Atrazine, Benzidine, 2,2-Bis(bromomethyl)-1,3-propanediol, Direct blue 15, Cadmium chloride, Chlorambucil,

3-Chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone, Cyclophosphamide, Dacarbazine, Dichloroacetylene,

3,3¢Dichlorobenzidine, Dichlorvos, Dimethoxane, 3,3;Dichlorobenzidine-4,4¢¢diisocyanate, Dimethyl

morpholinophosphoramidate, Ethylene oxide, Formaldehyde, Formic acid, Furan, Glycidol, FD and C green number 1 and 2,

Haematoxylin, Hydroquinone, Iodinated glycerol, Lasiocarpine, 2-Mercaptobenzothiazole, Metepa, Methyl tert-butyl ether,

Mirex, Nitrosourea, Nitroanisole, Nitropyrene, Nitroso-ethylamine, N-Nitroso diethanolamine, PhIP.HCl, Procarbazine.HCl,

Propane sultone, FD and C Red number 4, Tetrachloroethylene, Tetrafluoroethylene, Thio-tepa, Trichlorophenol, Trp-P-2 acetate

Monkey Procarbazine. HCL
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Table II. Studies that provide relative risks for chronic lymphocytic leukaemia (CLL) or monoclonal B-cell lymphocytosis (MBL) by occupation and

by chemical exposure.

Citation

Geographical

location Study design Cancer type Findings

Burmeister et al, 1982 Iowa, USA Case-control CLL mortality Farmers (OR = 1Æ70*)

Wolf et al, 1981 USA Case-control Lymphatic

leukaemia

mortality

Work locations in the rubber

industry – compounding and

mixing (OR = 2Æ5), general

service (OR = 2Æ2)

Giles et al, 1984 Tasmania,

Australia

Case-control CLL incidence Mining (RR men = 3Æ67*;

women = 8 cases/0 controls*;

farmers and laborers (RR men =

2Æ00; women = 3Æ67*), production

trades (RR men = 3Æ50), service

industries (RR women = 2Æ00)

Blair & White, 1985 Nebraska, USA Case-control CLL mortality Farmers (OR = 1Æ67*)

Alavanja et al, 1988 USA Proportionate

mortality

CLL mortality Agricultural extension agents

(PMR = 206, (PMR = 5Æ40* for

those working >14 years)

Flodin et al, 1988 Sweden Case-control CLL incidence DDT (OR = 6Æ1*), fresh wood

(OR = 3Æ2*), engine exhausts

(OR = 2Æ5*)

Malone et al, 1989 Washington,

Utah, Michigan,

USA

Case-control CLL incidence Aliphatic hydrocarbons (RR = 1Æ6*),

chlorinated hydrocarbons

(RR = 1Æ5*), pesticides (RR = 1Æ5),

acids (RR = 1Æ7*), other caustics

(RR = 2Æ1*), petroleum industry

(RR = 1Æ9*)

Pearce et al, 1989 New Zealand Case-control CLL incidence Electrical workers (OR = 3Æ36* aged

20–64 and 1Æ67 aged 65 years or older)

Brown et al, 1990 Iowa and

Minnesota,

USA

Case-control CLL incidence Men only. Farmers (RR = 1Æ4*), used

fungicides (RR = 1Æ4*), used

herbicides (RR = 1Æ4*), used

insecticides (RR = 1Æ3*)

Pasqualetti et al, 1991 Italy Case-control

incidence

CLL and MG CLL and asbestos (OR = 4Æ71*) and

pesticides (OR = 4Æ00*); MG and

asbestos (OR = 4Æ61*), fertilizers

(OR = 3Æ13*), mineral oils

(OR = 3Æ00*) and pesticides

(OR = 3Æ55*)

Floderus et al, 1994 Sweden Cohort CLL mortality Cohort of railway workers (engine

drivers RR = 2Æ7*, engine drivers

and conductors RR = 1Æ9)

Amadori et al, 1995 Italy Case-control CLL and NHL

incidence

Animal farmers (OR = 1Æ79*)

Nanni et al, 1996 Italy Case-control

incidence

CLL and low

grade NHLs

Insecticides in general (OR = 2Æ46*),

carbamates (OR = 3Æ08*) and

organophosphates (OR = 2Æ97*)

Raabe & Wong, 1996 USA, United

Kingdom

Cohort

mortality

CLL Petroleum workers meta SMR = 0Æ84

Waterhouse et al, 1996 Michigan, USA Cohort

incidence

CLL Residing in heavy pesticide use area

(SIR = 1Æ75)

Blair et al, 2000 Iowa and

Minnesota, USA

Case-control CLL incidence Manufacturing managers

(OR = 2Æ9*), lodging and related

jobs (OR = 5Æ0*), janitors

(OR = 2Æ1*), medicine and health

(OR = 1Æ6), truck drivers

(OR = 3Æ0)
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(Lewis et al, 2000). However, a follow-up investigation of

haematopoietic cancer in this cohort did not observe an

association with incident CLL. No excess risk for work in the

petroleum industry was found in a case-control study in the

Midwest (Blair et al, 1993), but risk was increased in another

study (OR = 1Æ9 among self-respondents)(Malone et al, 1989).

Table II. (Continued).

Citation

Geographical

location Study design Cancer type Findings

Lewis et al, 2000 USA Cohort CLL mortality Refinery/petrochemical workers

(SMR = 351*)

Costantini et al, 2001 Italy Case-control CLL and NHL

incidence

Managers and clerks (OR = 1Æ8*),

cooks, waiters, bartenders (OR =

1Æ5), and cleaners, charworkers and

related workers (OR = 1Æ9)

Bouchardy et al, 2002 Switzerland Case-control

incidence

CLL Butchers (OR = 2Æ0*), leather

industries (OR = 2Æ5*)

Zheng et al, 2002 Nebraska, USA Case-control CLL and small

lymphocytic

lymphoma

incidence

Farmers (RR men = 11Æ6*;

women = 2Æ3*)

Glass et al, 2003 Australia Nested

case-control

CLL incidence Benzene ppm-years (OR = 2Æ76 for

4–8; OR = 4Æ52 for >8)

Miligi et al, 2003 Italy Case-control CLL and NHL

incidence

No significant excesses with crops

grown, excesses among women

(but not men) exposed to

dinocap (RR = 5Æ9*), ziram

(RR = 1Æ9), cyclohexames

(RR = 2Æ5), amides (RR = 3Æ2),

triazines (RR = 2Æ0)

Beard et al, 2003 New South Wales,

Australia

Cohort Lymphocytic

leukaemia

mortality

No significant excesses associated

with possible exposure to pesticides

to control ticks on livestock

Hauptmann et al, 2003 USA Cohort Lymphatic

leukaemia

mortality

Formaldehyde – no clear trend

Mills et al, 2005 California, USA Case-control Lymphocytic

leukaemia

incidence

Non-significant RRs of about 2Æ0
were observed among farm workers

with possible exposure to several

pesticides

Graff et al, 2005 USA and Canada Cohort CLL mortality Excess from butadiene in highest

exposure category (RR = 2Æ7), but

not for styrene or

dimethyldithiocarbamate

Svec et al, 2005 USA Case-control CLL mortality Exposure to animals (CLL = 1Æ24*)

Ji & Hemminki, 2006 Sweden Cohort CLL incidence Sales agents (SIR = 1Æ22* men)

launders and drycleaners

(SIR = 1Æ54* women) and

mechanics (SIR = 2Æ71* women),

non-significant excesses among

physicians (SIR = 1Æ34 men),

miners (SIR = 1Æ25 men), printers

(SIR = 1Æ20 men)

Seidler et al, 2007 Germany Case-control Lymphomas

(but CLL listed

separately)

Carbon tetrachloride (OR = 2Æ7*),

chlorinated hydrocarbons

(OR = 1Æ8)

NHL, non-Hodgkin lymphoma; MM, multiple myeloma; CLL, chronic lymphocytic leukaemia; SIR, standardized incidence rate; SMR, standardized

mortality ratio; OR, odds ratio; RR, relative risk; MG, monoclonal gammopathies.
*P < 0Æ05.
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NHL and MM. These tumours have not generally been found

in excess among persons employed in the petroleum industry

(De Roos et al, 2006; Hartge et al, 2006). However, a slight

excess was observed in a case-control study of NHL in the

Midwest (Blair et al, 1993).

Rubber

CLL. Leukaemia tends to be elevated among workers in the

rubber industry (Kogevinas et al, 1998). Most studies do not

present specific information for CLL, but excesses of

lymphocytic leukaemia have been reported in a few studies

(Wolf et al, 1981; Linet et al, 2006). Specific agents have not

been identified, although it has been speculated that solvents

(including benzene) used as glues, binders, and release agents

in the industry may play a role (Kogevinas et al, 1998).

NHL and MM. Studies of these tumours among workers in

the rubber industry have mixed results (Kogevinas et al, 1998;

De Roos et al, 2006; Hartge et al, 2006; Linet et al, 2006).

Chemicals

Benzene

CLL. Benzene, an established cause of acute myeloid

leukaemia, traditionally has not been associated with CLL

(Linet et al, 2006). A non-significant excess was recently

reported among Australian petroleum industry workers

exposed to benzene (Glass et al, 2003).

NHL and MM. Although NHL has not traditionally been

considered a benzene-related disease, a recent review of the

epidemiological literature concluded that the evidence

supports an association (Smith et al, 2007). NHL has been

associated with solvents other than benzene, including xylene

and toluene (Vineis et al, 2007). MM was not associated with

benzene in a study from Australia (Glass et al, 2003), but it has

been linked to this exposure in a few studies (De Roos et al,

2006). The issue of benzene and MM is far from settled

(Bergsagel et al, 1999; Goldstein & Shalat, 2002). Small

lymphocytic lymphoma was associated with benzene, styrene,

xylene, toluene and dichloromethane in a case-control study in

Italy (Miligi et al, 2006); diffuse small cell lymphoma was

linked with solvents in a case-control study in the United

States (Tatham et al, 1997), and several different subtypes of

lymphoma were associated with benzene and other solvents in

a case-control study from Sweden (Hardell et al, 1994).

Dioxins

CLL. Chronic lymphocytic leukaemia has not been evaluated

in cohorts of dioxin workers; however, leukaemia overall does

not appear to be elevated with this exposure (Kogevinas et al,

1997; Steenland et al, 1999).

NHL and MM. Both NHL and MM have been non-

significantly associated with exposure to dioxins and dioxin-

containing compounds (Kogevinas et al, 1997; Steenland et al,

1999).

Formaldehyde

CLL. Leukaemia has been associated with formaldehyde in

two industrial cohorts (Hauptmann et al, 2003; Pinkerton

et al, 2004), but not in another (Coggon et al, 2003). This

association was considerably stronger for myeloid than for

lymphocytic leukaemia.

NHL and MM. Small and non-significant excesses associated

with formaldehyde exposure were observed for NHL and MM

in one cohort (Hauptmann et al, 2003).

Ethylene oxide

CLL. Concern about ethylene oxide was raised by large excesses

of haematopoietic cancer reported in three small cohort studies

in Sweden (Hogstedt et al, 1986). However, larger studies in

Germany, the United Kingdom, Italy, and the United States did

not confirm these large excesses, although slight elevations were

observed in some subgroups (IARC Working Group on the

Evaluation of Carcinogenic Risk to Humans, 1994). Although

the IARC classified ethylene oxide as a human carcinogen, it

found that the epidemiologic data were limited. No specific

associations with CLL have been reported, but lymphoid

leukaemia and lymphoma excesses have been observed.

NHL and MM. A recent follow-up of a large cohort in the

United States did not report on CLL separately, but did find an

increased risk for lymphoid tumours (NHL, MM and

lymphocytic leukaemia) among men (Steenland et al, 2004).

Other occupations and chemicals

Other interesting associations with specific chemicals noted in

individual studies include a link between monoclonal gamm-

opathies and exposure to asbestos, fertilizers and mineral oils

(Pasqualetti et al, 1991). CLL has also been linked to butadiene

(Graff et al, 2005), carbon tetrachloride and chlorinated

hydrocarbons (Seidler et al, 2007), launderers and drycleaners

(Ji & Hemminki, 2006), cleaners or janitors (Blair et al, 2000;

Costantini et al, 2001), and individuals working with fresh wood

(Flodin et al, 1988). NHL has also been associated with most of

these exposures (Divine & Hartman, 2001; Hartge et al, 2006).

Conclusions

Information on the role of chemical exposures in the

development of CLL is quite limited. Several factors contribute

to this paucity of data. First, leukaemia is not a common

disease and it would take large studies to be able to evaluate
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risks specifically for CLL. This is especially difficult for cohort

studies of occupational or industrial groups, which have

provided much of the information on chemical exposures and

human cancer. Second, the lack of consistency in the

classification of leukaemia in epidemiological studies compli-

cates interpretation. In earlier studies, CLL was typically

included in studies of leukaemia while, more recently, it is

often grouped with other B-cell lymphoid malignancies as in

the current World Health Organization classification system

(Turner et al, 2004). For example, the studies listed in Table II,

have cancer classifications for CLL, CLL and NHL, CLL and

low-grade NHL, and lymphatic leukaemia. Third, although

bioassays have identified a number of chemicals that cause

cancer of the haematopoietic system in laboratory animals,

there is no leukaemia in animals strictly analogous to CLL. We

have included some information on the role of chemicals in

the development of NHL and MM, two other closely related

malignancies that consist mainly of neoplastic B cells, to assist

in evaluation of chemical exposures and CLL.

There are a few reported associations that deserve

attention. Links with farmers, agricultural occupations, or

agricultural chemicals provide the strongest leads. These

associations have been observed in several studies of

different designs and in different geographical locations.

Several pesticides (atrazine, dichlorvos and dichloro-diphe-

nyl-trichloroethane) cause haematopoietic cancers in rodents

(Gold et al, 2001). Associations between agricultural expo-

sures and NHL and MM provide additional support that

CLL might result from agricultural exposures. Few studies,

however, have evaluated specific agricultural agents that

might be involved. These have tended to focus on pesticides,

but other possible exposures (e.g. fertilizers, solvents, engine

exhausts and microbes) deserve attention.

Excesses of CLL in the few studies of the rubber and

petroleum industries suggest that links with benzene and other

solvents should be further evaluated. Benzene causes haemat-

opoietic cancer in rodents and acute myeloid leukaemia in

humans, and has been associated with NHL (Smith et al,

2007); however, findings for CLL have been generally null. The

animal and human data suggest that the CLL – benzene

relationship should be further evaluated. Few other solvents

have been evaluated with regard to CLL.

Other chemicals that deserve some attention regarding CLL

include dioxins, formaldehyde, butadiene and ethylene oxide.

Dioxins are classified as human carcinogens by IARC Working

Group on the Evaluation of Carcinogenic Risk to Humans

(1997) and B cells are particularly sensitive to their immunotoxic

effects (Schwartz, 1997). There is no evidence that they cause

CLL in humans, but haematopoietic cancer has occurred in

animals and NHL and MM in humans. Butadiene causes

haematopoietic cancer in rodents and has been linked to CLL,

acute myeloid leukaemia and NHL in human studies (Divine &

Hartman, 2001; Graff et al, 2005; Cheng et al, 2007). Formal-

dehyde has been associated with leukaemia in humans (Hau-

ptmann et al, 2003), but the relationship is stronger for myeloid

leukaemia. Formaldehyde has caused lymphomas in rodents,

but there is no evidence that it is linked to NHL or MM

in humans. Ethylene oxide causes haematopoietic cancer in

rodents and has been associated with NHL, but not CLL, in

humans (Steenland et al, 2004). Table III summarizes the

evidence for the role for specific chemicals in the development

of CLL. Pesticides, solvents and butadiene seem the most likely

candidates.

It is unclear how chemical exposures might increase the

risk of CLL. Immune system dysregulation is suspected to

be a central factor underlying the development of CLL and

other lymphoid neoplasms. There are several reports linking

exposure to solvents and pesticides with impaired immune

function (Bergamaschi et al, 1995; Colosio et al, 1998;

Blakley et al, 1999; Palermo-Neto et al, 2001; Lan et al,

2004) and it is possible that chemicals may influence the

development of CLL on this basis. Some of the chemicals

discussed have also been demonstrated to induce chromo-

somal rearrangements (Garry et al, 1992; Khalil, 1995; Biro

et al, 2002; Lander et al, 2000; Bolognesi, 2003; Lebailly

et al, 2003; Holeckova et al, 2004; Kim et al, 2004), a com-

mon feature of CLL (Stilgenbauer et al, 2002). Such

clastogenic effects may be an important mechanism through

which some chemicals contribute to the pathogenesis of this

malignancy.

In summary, a variety of chemical exposures provide

suggestive evidence of an association with CLL. However,

the evidence to date is inconclusive. Future investigations of

chemicals and CLL are warranted, although it is important

that such work overcome past study limitations (small

sample size, insufficient detail of disease classification) to be

truly informative. Pooled analyses of CLL within consortia

offer an opportunity to investigate the aetiological relevance

of occupational exposures with high statistical power.

Another potentially fruitful area of research is the develop-

ment of cross-sectional studies among industrial workers

with specific chemical exposures, where practical, to inves-

tigate associations with MBL, the suspected precursor

condition for CLL.

Table III. Summary of evidence regarding chemicals and CLL.

Chemical

Evidence in humans
Haematoxicity

in animalsCLL NHL/MM

Pesticides Yes Yes Yes

Solvents Yes Yes Yes

Benzene One study Yes Yes

Butadiene Yes Yes Yes

Formaldehyde No No Yes

Dioxins No Yes Yes

Ethylene oxide No Yes Yes

NHL, non-Hodgkin lymphoma; MM, multiple myeloma; CLL, chronic

lymphocytic leukaemia.
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