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Abstract
Objective—To investigate whether occupational exposure to polycyclic aromatic hydrocarbons
and certain plastic monomers increased renal cell carcinomas (RCC) risk.

Methods—Unconditional logistic regression was used to calculate RCC risk in relation to
exposure.

Results—No association between RCC risk and having ever been occupationally exposed to any
polycyclic aromatic hydrocarbons or plastics was observed. Duration of exposure and average
exposure also showed no association with risk. Suggestive positive associations between RCC risk
and cumulative exposure to styrene (P-trend = 0.02) and acrylonitrile (P-trend = 0.06) were found.
Cumulative exposure to petroleum/gasoline engine emissions was inversely associated with risk
(P-trend = 0.02).

Conclusions—Results indicate a possible association between occupational styrene and
acrylonitrile exposure and RCC risk. Additional studies are needed to replicate findings, as this is
the first time these associations have been reported and they may be due to chance.
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Polycyclic aromatic hydrocarbons (PAHs) are a group of chemical compounds that are
naturally found in fossil fuels and formed as by-products during incomplete combustion of
organic material, such as coal, oil, wood, garbage, gas, tobacco, and charbroiled meat.1,2
Polycyclic aromatic hydrocarbons exist exclusively as complex mixtures and have been used
in the production of plastics, dyes, medicines, and pesticides.1 Several types of PAHs such
as benzo[a]pyrene and benzo[a]anthracene are known or suspected human carcinogens.1
Over a few hundred PAH compounds have been characterized; some have been identified as
carcinogens, mutagens, and teratogens.1--4 Furthermore, the International Agency for
Research on Cancer has determined that several complex mixtures containing PAHs (eg,
coal tars, soot, diesel engine exhaust) are carcinogenic or probably carcinogenic to humans.5

Numerous industries such as those involved in transportation, coal gasification, aluminum,
rubber, plastic, and coke production, and iron and steel foundries,1,2,6--8 are responsible for
emitting significant amounts of PAH-containing particles into the environment and are,
therefore, a source of occupational exposure for considerable groups of workers.2,6
Polycyclic aromatic hydrocarbons released into the environment have been found in at least
600 of 1430 US National Priorities List sites identified by the Environmental Protection
Agency.1 Epidemiological studies have shown increased risks of lung, skin, and bladder
cancer associated with occupational PAH exposure.2,6 Inconsistent results have been
reported for occupational studies examining the relationship between kidney cancer risk and
workers who may have high levels of PAH exposure, such as asphalt workers, printers,
machinists, and mechanics.6,9--12

The conflicting results reported for kidney cancer risk in occupational PAH exposure studies
warrant additional large-scale studies with expert occupational assessment. Once absorbed
in the body, PAHs are capable of entering any tissue that contains fat due to their lipophilic
nature.1 Typically, however, PAHs are stored in the kidneys, liver, and fat and are bio-
activated through renal and hepatic metabolic pathways.1,13,14 In the current study, we
sought to investigate the association between renal cell carcinoma (RCC) risk and
occupational exposure to PAHs and plastic monomers, as PAHs are occasionally used in the
production of rubber and plastic materials. This investigation was carried out in a large,
multicenter, renal case--control study with expert retrospective occupational assessment in
Central and Eastern Europe, an area with historically heavy industrial exposures and one of
the highest rates of RCC in the world.15

Methods
Details of the Central and Eastern European Renal Cell Carcinoma (CEERCC) study have
been previously reported.16 Briefly, the CEERCC study is a hospital-based case--control
study that was conducted in seven centers across four Central and Eastern European
countries. Between August 1999 and January 2003, newly diagnosed and histologically
confirmed RCC (IDC-O-2 code 64) cases between 20 and 88 years of age who were living
in the study areas for at least 1 year were recruited for participation. Controls were
frequency-matched to cases on age, sex, and place of residence, from patients admitted to
participating hospitals for diagnoses unrelated to smoking or urological disorders (with the
exception of benign prostatic hyperplasia) between August 1998 and March 2003. No single
disease made up greater than 20% of the control group. Some controls also were recruited
from an earlier study of lung and head and neck cancers.17,18 Overall, 1097 RCC cases and
1476 controls were included in the study. Response rates for participation across study
centers ranged from 90% to 99% for cases and from 90% to 96% for controls. The
institutional review boards of all participating centers and organizations approved the study,
and all subjects provided written informed consent.
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Cases and controls were interviewed with the same questionnaires. During hospitalization or
within 3 months of diagnosis for cases, participants were administered a standardized
questionnaire by trained interviewers for information on demographic characteristics,
medical histories, and lifestyle factors. Lifetime occupational information for jobs held for
12 or more months' duration was also collected during interviews through the use of a
general occupational questionnaire. Data collected on all jobs included title, tasks, working
environment, time spent on each task, and type of employer, as well as year of beginning
and ending employment. To improve precision of the assessment, specialized occupational
questionnaires were also used for specific jobs or industries likely to entail exposure to
known or suspected occupational carcinogens. These specific jobs/industries included
toolmaker or machinist, motor vehicle mechanic, auto body repairer, miner/quarryman,
woodworker, painter, welder, insulation worker, meat worker or farmer, and the iron, steel,
coke, foundry, glass, tannery, chemical, and rubber industries. The specialized
questionnaires covered information regarding (1) possible exposures to agents of interest,
such as acrylonitrile, styrene, acrylics, etc; (2) hours per week of exposure; (3) source of
exposure; and (4) a description of agent use. Details on the questionnaires have been
reported previously.19

All occupational questionnaires were reviewed by local occupational health experts or
industrial hygienists who were trained by the study's lead industrial hygienist. For every job
in each subject's work history, the experts evaluated the frequency, intensity, and confidence
of exposure to PAHs and plastics, on the basis of the general occupational questionnaire, the
specialized questionnaires, and their own experience in industrial hygiene and knowledge
about historical working conditions at the specific plants in their study area while blinded to
case--control status. Estimates were specific to the date of exposure. Frequency of exposure
was assessed as less than 5%, 5%--30%, and more than 30% of total working time in a 40-
hour workweek. To compute across jobs that had different frequencies of exposure,
frequency weights were assigned, corresponding to the midpoint of the ranges (0.025, 0.175,
and 0.65, respectively). Intensity of exposure was assessed as low, medium, and high, based
on agent-specific categories anchored to measurement data and jobs. For each agent
considered present, the assessors also noted the degree of their confidence that the job would
entail exposure to the agent, categorized as possible (<40%), probable (40%--90%), or
definite (>90%).

Exposure metrics analyzed included (1) ever exposure, (2) duration of exposure in years, (3)
cumulative exposure, calculated as the product of duration of employment in each exposed
job multiplied by the midpoint of the frequency category and by the intensity weight of the
job, summed across all of the subject's jobs, and (4) average exposure, calculated by
dividing cumulative exposure by the number of years exposed.

Odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated to estimate RCC
risk by occupational exposure using unconditional logistic regression adjusting for sex, age,
center, smoking status, self-reported hypertension (yes/no), body mass index (BMI), and
family history of cancer, unless otherwise noted. Correlation analyses (Spearman) were
conducted to identify agents or groups of agents that were associated with suspected PAH
exposures. All coexposures with an r2 > 0.65 were used as adjustment variables. Analyses
included all subjects and then only included jobs for subjects in which the likelihood of
exposure was high (ie, high confidence [≥40%] of exposure [cases, N = 1061; and controls,
N = 1437]). Analyses were additionally modeled to account for a 20-year lag between
exposure and diagnosis to restrict analyses to subjects with a sufficient latency period from
exposure to disease. Lastly, since a number of studies have shown cytochrome P450
enzymes (CYP1A1 and CYP1B1) and glutathione-S-transferases (GSTs) genes to modify the
association between PAH exposure and renal cancer risk,20,21 we also evaluated whether
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these genetic polymorphisisms (CYP1A1 [rs1048943 and rs4646903], CYP1B1 [rs1056836
and rs1800440], GSTM1 and GSTT1) modified RCC risk. Information regarding genotyping
methods and analyses of these genes has been previously reported.22,23 All analyses were
conducted in STATA 9.0 (STATA Corporation, College Station, TX).

Results
A description of study participants and known RCC risk factors is provided in Table 1.
Study participants were comparable in age; however, cases were more likely to be female, to
have a first-degree relative with cancer, and have excess BMI (>30 kg/m2) and hypertension.
Although cases were less likely to have been smokers, the inverse association with smoking
was no longer observed after adjustment for sex, age, self-reported hypertension, BMI, and
study center.16

Significant associations were not observed between RCC risk and having ever been
occupationally exposed to any agents estimated to contain PAHs or to the three plastic
monomers (Table 2). Similarly, analyses by duration of exposure and average exposure
revealed no significant association (data not shown). However, when cumulative exposure
was examined (Fig. 1), suggestive positive trends were observed for occupational exposure
to styrene (exposure below the median: OR = 0.6, 95% CI = 0.2--1.7; exposure at or above
the median: OR = 6.7, 95% CI = 1.8--24.3; P-trend = 0.02), and acrylonitrile (exposure
below the median: OR = 1.6, 95% CI = 0.4--6.4; exposure at or above the median: OR = 4.3,
95% CI = 0.9--22.1; P-trend = 0.06) and RCC risk. Cumulative exposure to petroleum/
gasoline engine emissions (exposure below the median: OR = 1.0, 95% CI = 0.7--1.4;
exposure at or above the median: OR = 0.6, 95% CI = 0.4--0.9; P-trend = 0.02) was
inversely associated with risk.

Stratified analyses by sex, BMI, self-reported hypertension, and smoking status revealed no
further insight in the results (data not shown). The inclusion of a 20-year lag in exposure did
not modify results nor did analyses restricted to exposures with a high level of confidence
(data not shown). Likewise, neither cytochrome P450 enzymes (rs1048943, rs4646903,
rs1056836, and rs1800440) nor GST genes (GSTM1 and GSTT1) were shown to modify
associations (data not shown).

Discussion
This study was initially conducted to evaluate RCC risk and occupational exposure to PAHs
and plastics. No associations were observed in this study with ever versus never exposure to
any of the PAH or plastics exposure metrics evaluated. However, suggestive positive
associations between RCC risk and cumulative exposure to styrene and acrylonitrile were
observed. In contrast, petroleum/gasoline engine emission was inversely associated with
risk.

Findings from epidemiological studies of occupational PAH exposure and kidney cancer
risk have been inconsistent.6,24,25 Similar to the results of our study, no association between
occupational exposure to PAH and kidney cancer incidence or mortality risk was reported in
a recently published retrospective cohort study of aerospace workers.24 However, an
indication of increased kidney cancer risk among heavily PAH-exposed male aluminum
plant workers with a lag time of 30 years was reported in a large, multicentered, Norwegian
study.25 This cohort may have had much higher PAH exposure levels than those estimated
in the current study. A quantitative review of eight cohort studies conducted on workers
from PAH-related occupations published between 1997 and 2005 revealed only limited
evidence of an association between kidney cancer risk and PAH exposure. Standardized
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mortality ratios (SMR)/standardized incidence ratios across these studies ranged from 0.5 to
1.9 and pooled analyses revealed no significant findings.6 Most of these studies were
underpowered to conclude statistically meaningful results, and exposure misclassification
was particularly likely in the studies that used cruder assessment methods. Exposure levels
may have differed across the studies. In addition, the individual types of PAHs and their
amounts vary from source to source, likely resulting in further dilution of observed risks.

Scientific literature suggests that the association between PAH exposures and kidney cancer
risk is biologically plausible, yet this association has not been supported by previous
epidemiological studies or by the current study. Polycyclic aromatic hydrocarbons are
absorbed internally through ingestion, inhalation, and dermal contact. Once absorbed, PAHs
readily enter the lymphatic system where they circulate in the blood.1 Because of their
lipophilic nature, PAHs are capable of entering any tissue in the body that contains adipose.
1,2,13 As aforementioned, PAHs are generally stored in the kidneys, liver, and fat and are
bio-activated through hepatic and renal metabolic pathways.1,13,14 Within the kidneys,
cytochrome P450 enzymes, CYP1A1 and CYP1B1, mediate the oxidative metabolism of
PAHs to reactive intermediates that bind covalently to DNA, forming adducts.20 These
PAH-DNA adducts can lead to DNA replication errors and thus renal carcinogenesis.
Furthermore, GSTs may influence the level of carcinogenic-DNA adducts formed, given
their involvement in detoxifying reactive intermediates produced by cytochrome P450
enzymes.21 In our study, variants in neither cytochrome P450 enzymes nor GST genes were
shown to modify the association between RCC risk and occupational exposure to PAHs.

The inverse association with petroleum/gasoline engine emissions in our study was
unexpected and is suspected to be caused by chance, as gasoline exposure has been shown to
consistently increase kidney cancer risk in both animal and human studies.26 Petroleum/
gasoline emissions are also known to contain benzene, a known human carcinogen.27

Although not hypothesized a priori, the suggestive positive association observed between
RCC risk and cumulative exposure to acrylonitrile and styrene was an interesting finding
and requires additional follow-up. Classified as a probable human carcinogen (2A) by the
International Agency for Research on Cancer, acrylonitrile exposure has been shown to
negatively affect kidney function in human and animal studies, although evidence for renal
carcinogenicity has been weak.28 Similarly, reports from animal studies indicate adverse
kidney effects following exposure to styrene, although animal cancer studies have been
inconsistent and provide limited evidence of carcinogenicity.29 Yet, because associations
with other exposure metrics were not observed and because the number of exposed subjects
was relatively small (N = 16 and 31, respectively), it is possible that our results could be due
to chance.

In the current study, occupational styrene exposure was observed primarily among styrene
manufacture operators, tank cleaners and tank operators of copolymers manufacturers, auto
body repairmen who utilized polyester resins, and plastic boat manufacturers who processed
unsaturated polyesters. A recent cohort study of 5204 American workers exposed to styrene
in the reinforced plastic boat--building industry reported a borderline threefold increase risk
for kidney cancer mortality among workers with high levels of exposure.30 Similarly,
elevated kidney cancer mortality (SMR = 1.75, 95% CI = 0.98--2.89) was found among
styrene-exposed workers in an earlier cohort of 15908 reinforced plastic industry workers.31

However, increased associations between kidney cancer and styrene exposure, or
occupations likely to entail styrene exposure, have not been observed in all studies.32--34

Moreover, the occupational groups held by participants exposed to acrylonitrile in our study
included manufacturers of acrylonitrile or acrylic fibers, manufacturers of plastic shoes that
processed polymers, and workers who cut acrylic fabric. Previous studies examining cancer
risk in relation to acrylonitrile exposure have generally been null with regards to kidney
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cancer.28,35,36 However, the vast majority of studies were well underpowered to conclude
statistically meaningful results.

Strengths of our study include high participation rates, inclusion of only histologically
confirmed cancers, use of job-specific questionnaire modules to collect individual-specific
exposure information, and the expert-based exposure assessment. The large sample size of
this study provided sufficient statistical power to detect relatively small associations
between exposure and risk; however, power for stratified analyses was limited. The
carcinogenic effect of PAHs depends not only on the duration and level of the exposure but
also on the specific chemical composition of the PAH, because the composition can
influence the toxicokinetics and toxicodynamics of the PAHs and ultimately the biological
effect. Unfortunately, individual measurements of PAH dose were not collected in this study
and, therefore, we had to rely on retrospective recall by study participants of their
occupational history and other risk factors. However, given that controls were also hospital-
based patients, any bias in recall would likely be nondifferential with respect to exposure,
which would tend to mitigate risk estimates. While we were able to control for known RCC
risk factors, like hypertension, smoking, and BMI, other potential exposures such as diet (ie,
charbroiled meats) and nonoccupational PAH exposures (ie, air pollution) were not
considered. Additional limitations of our study include the possibility of nondifferential,
inaccurate, or incomplete recall of all occupational histories, and the possibility of
nondifferential exposure misclassification, which could have biased results toward the null.
The use of hospital-based controls could also be a concern since this population may not
represent the general nondiseased reference population. However, we attempted to address
this issue by recruiting controls with a wide range of diagnoses. Lastly, we cannot ignore the
possibility of chance findings.

In summary, our study found no association between RCC risk and ever exposure to
occupational PAHs and plastics among subjects in Central and Eastern Europe. Indication of
increased renal cancer risk associated with acrylonitrile and styrene exposure was observed,
but these findings require replication in other populations. Additional studies with detailed
occupational history information and sufficient power are needed to confirm these results.
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FIGURE 1. RCC risk by occupational cumulative exposure to PAHs and Plastics
Renal cell carcinomas risk by occupational cumulative exposure to polycyclic aromatic
hydrocarbons and plastics cumulative exposure for (A) styrene (exposure below the median:
OR = 0.6, 95% CI = 0.2--1.7; exposure at or above the median: OR = 6.7, 95% CI =
1.8--24.3; P-trend = 0.02), (B) acrylonitrile (exposure below the median: OR = 1.6, 95% CI
= 0.4--6.4; exposure at or above the median: OR = 4.3, 95% CI = 0.9--22.1; P-trend = 0.06),
and C) petroleum/gasoline engine emissions (exposure below the median: OR = 1.0, 95% CI
= 0.7--1.4; exposure at or above the median: OR = 0.6, 95% CI = 0.4--0.9; P-trend = 0.02).
* P-value <0.05
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