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ABSTRACT: We report seven cases of renal cell carcinoma in workers
diagnosed with occupational exposure via skin contact and inhalation to
industrial solvents containing benzene. The clinical significance of these
cases are: (a) all seven patients diagnosed with kidney cancer were seen
by private physicians who missed addressing occupational history to in-
dustrial solvents; (b) emphasize the importance of taking an in-depth
history including occupational history in any patient presented to the
clinician, especially like in these cases, kidney cancer; and (c¢) demon-
strate the importance of educating workers. We believe that there ex-
ist more patients with renal cancer whose diagnosis has been rendered
“idiopathic” due to the lack of detailed occupational, environmental,
personal, and family history.
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INTRODUCTION

Kidney cancer is the general term for malignancies of the kidney. Malignancy
ofthe kidney comprises a heterogeneous class of tumors arising from different
cell types within the nephroma. Histopathologic classification of kidney tu-
mors include hypernephroma (renal cell carcinoma), also called nonpapillary
cancer, and comprises 75-80% of kidney cancer, papillary renal cell cancer
which comprises 10—-15%, chromophobe renal cell carcinoma, collecting duct
carcinoma, and other unclassified renal cell carcinoma.' In the United States,
the incidence of kidney cancer is 17 cases per 100,000 person-years and reaches
the maximum at the age of 65 years.? Kidney cancer is attributed to both ge-
netic and environmental factors. Studies have linked the genetic predisposition
of kidney cancer to several conditions, including mutations that lead to Von
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Hippel-Lindau syndrome, hereditary papillary renal carcinoma, and tuberous
sclerosis Type I and I1.> Cigarette smoking is a risk factor for kidney cancer.
The International Agency for Research on Cancer (IARC) has found suffi-
cient evidence for the carcinogenic role of tobacco smoking in renal pelvis
carcinoma.* Subsequent epidemiological studies have demonstrated cigarette
smoking as a risk factor for kidney cancer. The percentage of kidney cancer
attributed to cigarette smoking is between 21% and 30% among men and 9%
and 24% among women.>~’ Diet has been suggested as a risk factor for kidney
cancer, however, there is no agreement in the scientific literature.® Alcohol is
a suspected risk factor, however, it remains only as a possibility. Epidemio-
logical studies associate kidney cancer with excess body weight, overweight,
and obesity as measured by the body mass index (BMI).! In the United States,
obesity attributes 21% of kidney cancer risk.’ Patients with diabetes also have
an increased risk of kidney cancer, mainly those with long-term and uncon-
trolled diabetes mellitus.!® Occupational studies have also attempted to address
the risk of exposure to asbestos, hydrocarbon, lead, cadmium, and chlorinated
industrial solvents.!

Many epidemiological studies have investigated the association between sol-
vent exposure and kidney cancer. Case—control studies and cohort studies have
been described in the peer-reviewed, scientific literature. TABLE 1 describes
selected case—control studies of kidney cancer and exposure to industrial sol-
vents.'! =24 Statistically significant odds ratio (OR) range from 1.2 to 6.4, with
some studies controlling for risk factors as age, sex, cigarette smoking, and
weight. TABLE 2 summarizes cohort studies that describe exposure to solvents
and increased risk of kidney cancer.?>~3°

PATIENTS AND METHODS

We describe here seven patients who were evaluated based on physical ex-
amination and review of records, who have developed kidney cancer, and have
a history of exposure to industrial solvents. Exposure dose were determined
either by job description, material safety data sheets, court records, and/or his-
tory of exposure. Although the employers and industry never provided actual
levels, based on the collected information, exposures were determined to be
substantial. Potential confounding factors are addressed in the “Discussion”
section.

RESULTS

The patients studied here have a common denominator of substantial ex-
posure to industrial solvents from 5.5 years to 44 years (average 35 years).
TABLE 3 summarizes the seven patients’ age, occupation, exposure history and



TABLE 1. Case—control studies of increased risk of kidney cancer and exposure to industrial solvents

Study Study design Control group Exposure Result 95% CI Controlled variables
Ref. 11 Death certificate Noncancer deaths  Petroleum or petrochemicals OR =227 1.01-543 —
Ref. 12 Interviews Other cancer sites  Aviation gasoline OR=2.6 1.2-5.8*  Age, smoking, socioeconomic
status
Jet fuel OR =25 1.1-54 Age, smoking, socioeconomic
status
Ref. 13 Occupational Matched for Petroleum refining and OR =43" 1.7-10.9* Age, smoking, weight
histories hospital and distribution
from population
Ref. 14  Occupational Other cancer sites ~ Truck drivers OR=3.1" 1.1-85 Age, smoking, alcohol
histories
Ref. 15 Interviews Matched for Chemical, petrochemical, OR =4.0 1.6-9.8 Sex, smoking
hospital, sex, plastics industries; gasoline
and age and petroleum
Ref. 16 Interviews General population Moderate levels of hydrocarbon ~ OR =277 1.2-6.5 Weight, education
Ref. 17 Questionnaires =~ Matched on year of Paper and pulp; printing and OR =2.20" 1.02-4.72 Obesity, smoking coffee
birth, gender, publishing consumption
and survival Chemicals OR =4.19" 1.09-16.1 Obesity, smoking coffee
status consumption
Gasoline OR=172 1.03-287 —
Ref. 18 Questionnaires Matched for Solvents OR=1.54 1.11-2.14 Age, sex, education
expected age Cutting oils or mists OR =199 1.23-3.23 Age, sex, education
Petroleum products OR =196 1.28-2.99 Age, sex, education
Ref. 19 Interviews Central Population =~ Gasoline OR=21T 1141 Age, BMI, smoking
Register
Solvents OR =6.4F  1.8-23 Age, BMI, smoking
Cutting oils OR=21T 1.043 Age, BMI, smoking

Continued.
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TABLE 1. Case—control studies of increased risk of kidney cancer and exposure to industrial solvents (Continued)

Study Study design Control group Exposure Result 95% CI Controlled variables
Ref. 20 Occupational Other cancer sites  Firefighters OR =351 209-592 —
histories Painters OR =159 1.00-2.43 —
Ref. 21 Interviews General population Dry-cleaning solvents OR=14" 11-17 Age, smoking status, BMI,
education
Gasoline OR=16" 1220 Age, smoking status, BMI,
education
Petroleum products OR = 1.6f 1.3-2.1 Age, smoking status, BMI,
education
Ref. 22 Interviews Matched by region, Chemicals (very long duration) OR =3.1T 1.2-7.9 Age, smoking
sex, age Organic solvents OR=16" 1.1-23 Age, smoking
Solvents OR=2.1f 1.0-44 Age, smoking
Paints OR=13" 1.0-16 Age, smoking
Color films OR =291 1.1-83 Age, smoking
Cutting fluids OR=13" 1.0-18 Age, smoking
Tar, pitch, mineral oil OR = 2.1} 1.04.5 Age, smoking
OR=121 1.0-15
(medium (medium
exposure);  exposure);
OR =12 1.0-1.6
(high (high
exposure);  exposure);
OR =14 1.0-19
(substantial ~ (substantial
exposure);  exposure);
OR=14% 1.0-19
(medium (medium
exposure);  exposure);
OR=13% 1.0-1.8
(high (high
exposure) exposure)

Continued.

9SL

SHINAIDS 40 AINAAVIYV MIOA MAN STVNNV



TABLE 1. Case—control studies of increased risk of kidney cancer and exposure to industrial solvents (Continued)

Study Study design Control group Exposure Result 95% CI Controlled variables
Mineral oil OR=13" 1.0-1.8  Age, smoking
Polycyclic aromatic OR=13" 1.0-1.6  Age, smoking
hydrocarbons
Ref. 23 Questionnaires General population Benzene OR=18" 13-2.6 Age, education, BMI, smoking,
alcohol, meat intake
Mineral, cutting or lubricating oil OR = 157 12-1.8 Age, education, BMI, smoking,
alcohol, meat intake
Ref. 24  Telephone General population  Automotive dealers and service OR =227 1.0-49  Age, BMI, smoking, meat intake,
interviews stations fruit intake, hypertension,
family history
Automotive repair shops OR =4.0" 1.3-122 Age, BMI, smoking, meat intake,
fruit intake, hypertension,
family history
Mechanics and repairers OR=20" 1.1-3.5 Age, BMI, smoking, meat intake,
fruit intake, hypertension,
family history
Automobile mechanics OR=29" 1558 Age, BMI, smoking, meat intake,
fruit intake, hypertension,
family history
Garage and service station OR=3.1" 1.09.1 Age, BMI, smoking, meat intake,

fruit intake, hypertension,
family history

T OR reported for males only.

£ OR reported for females only.
*90% CI.

CI: confidence interval.
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TABLE 2. Cohort studies of increased risk of kidney cancer and exposure to industrial solvents

Controlled
Study Study design Population Result 95% CI variables
Ref. 25 Death certificates Newspaper pressmen SMR = 3037¢ — —
Ref. 26 Vital statistics and occupational history Oil refinery workers, only in maintenance ~ SMR = 1,7507 293-5781 —
department
Oil refinery workers, ever in maintenance ~SMR = 1,1127  186-3675 —
department
Ref. 27 National cancer registries Service station workers SIR = 1.3f 1.0-1.7 —
Ref. 28 Neste Group workers, Finnish Cancer Registry Oil and chemicals company workers SIR = 1.97 1.29-2.88 —
Ref. 29 Swedish Cancer-Environment Registry Manufacturing industry SIR = 1.06"0 — Age, region
Ref. 30 Refinery and chemical plant sites Baton Rouge workers SMR = 192 113-303 —

fFor males only.

“p < 0.05,°P < 0.01.

SIR: standardized incidence ratio.
SMR: standardized mortality ratio.

8SL

SHINAIDS 40 AINAAVIYV MIOA MAN STVNNV



TABLE 3. Summary of patients reported here with occupational exposure to industrial, nonchlorinated solvents

Age Duration Diagnosis
Patient ID  (years) Occupation Exposure (years) (age in years) Confounding factors
1 60 Automobile mechanic Industrial solvent 40 Renal cell cancer (35) Smoked for 2 years; obesity
(deceased)
2 74 Airline mechanic Industrial solvent 33 Renal cell cancer (67) Smoked for 35 years; lifetime use of
analgesics
3 45 Route serviceman, Organic solvent 5.5 Renal cell cancer (40) Smoked for 15 years
4 41 Automobile mechanic Organic solvent 20 Renal cell cancer (35) Smoked for 20 years
5 51 Mechanic Industrial solvent 30 Renal cell cancer (48) Smoked for 10 years; asbestos; obesity
(deceased)
6 58 Offset stripper Organic, press and 44 Renal cell cancer (50) Hypertension; overweight
printing solvents
7 65 Machine operator Industrial, organic 41 Renal cell cancer (63) Smoked for 30 years; asbestos;
solvents and pesticides; chlorinated solvents
petrochemicals
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duration, diagnosis, and confounding factors. No patient had a family history
of renal cancer.

DISCUSSION
Confounding Factors

Six of our patients were smokers. Smoking is a risk factor for kidney can-
cer, however, regression analysis by the epidemiological study of Hu et al.
found that the risk of kidney cancer remained elevated after accounting for
smoking (OR = 1.8, 95% confidence interval (CI) = 1.3-2.6 for exposure
to benzene).>* Therefore, exposure to industrial solvents containing benzene
should be considered as a risk aside from smoking. This finding of smoking
and kidney cancer is not surprising because cigarette smoking contributes to
the cumulative dose of benzene.* Indeed, Hu ef al. demonstrated the causation
role of benzene in kidney cancer. In all likelihood, cigarette smoking is proba-
bly an additive factor upon exposure to solvents containing benzene. Three of
our patients had increased BMI, a risk factor for kidney cancer. Several epi-
demiological studies have found significantly increased risk for kidney cancer
from exposure to industrial solvents, after regression analysis and controlling
for BMI and smoking.'317:21:23.24 Therefore, exposure to industrial solvents is
considered a distinctive risk factor for kidney cancer, even when accounting
for smoking history and BMI.

Although the mechanism is not clear, the common denominator in exposure
to industrial solvents is the contents of benzene. Industrial solvents (produced
from crude oil) cannot be produced without benzene contamination.?! Benzene
has been shown to be a substantial risk factor for kidney cancer.?* Because the
common denominator in the industrial solvent exposure (nonchlorinated) is
also a benzene content, it is reasonable to conclude that benzene, which is a
known human carcinogen, is acting as a carcinogenic agent either by itself or
in combination with solvent mixture in the causation of kidney cancer.

Benzene in Industrial Solvents

For the last several decades, most organic solvents have been refined from
crude oil by a process commonly known as fractional distillation. Benzene is
a natural constituent of crude oil. When crude oil is refined to produce refined
petroleum distillates, the benzene in the crude oil is not destroyed, but rather
ends up as a residual constituent of petroleum distillates. The concentration of
benzene in the distillates is largely a function of the quality of the fractional
distillation process and other processing methods such as catalytic cracking
(which usually increases the benzene content) and hydrotreatment (which usu-
ally decreases the benzene content). The highest benzene concentration in



BRAUTBAR et al.: KIDNEY CANCER AND SOLVENTS 761

TABLE 4. Duration of exposure to industrial solvents and increased risk of kidney cancer

Exposure duration

Study Exposure (years) Result 95% CI

Ref. 16 Moderate levels 16-30 OR =24 1.0-6.2
of hydrocarbon

Ref. 19 Hydrocarbons <20 OR =2.17 1.2-3.6

Ref. 26 Petrochemicals 5-15 SMR = 606 101-2002

Ref. 28 Petrochemicals >5 SIR = 2.87 1.61-4.73

Ref. 30 Petrochemicals 20-29 SMR = 330* —

TOR reported for males only.

* Authors report statistical significant results.
SIR: standardized incidence ratio.

SMR: standardized mortality ratio.

solvents has been reported in hexane-based solvents.3?> Following adoption of
Occupational Safety and Health Administration’s (OSHA) regulation limit-
ing benzene in petroleum hydrocarbon mixtures to no more than 0.1%, the
petroleum industry began upgrading fractional distillation and other refining
processes.>*During the 1980s and 1990s, the benzene content of organic sol-
vents decreased rather appreciably, although benzene remains a contaminant
of most petroleum solvents today.

Duration of Exposure

Duration of exposure in our cases is described anywhere from 5.5 to 44 years.
The scientific literature has addressed the duration of exposure to industrial
solvents and the risk of kidney cancer.'®!%:26:28.30 TapLE 4 summarizes these
studies, with a range in duration of exposure to industrial solvents from 5 to 30
years. Therefore, the range of exposure described in our patients studied here
is within the range described by other studies addressing industrial solvents
and increased risk of kidney cancer.

Other Exposures

Patients 5 and 7 have histories of exposure to asbestos. Asbestos exposure
has been described as a risk factor for kidney cancer, therefore it is probable
that asbestos exposure in patients 5 and 7 also played a substantial role.?!:34-3°
Whether the concomitant exposure to asbestos and solvents is additive or
synergistic remains unknown for kidney cancer. Patient 7 has been exposed
to pesticides. The exposure to pesticides was deemed possible, nevertheless is
included in the exposure history. To the best of our knowledge, exposure to
pesticides has not been shown to increase risk for kidney cancer. Patient 7 has
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also been exposed to chlorinated solvents. Some chlorinated solvents have been
shown to be a causative risk factor in kidney cancer, therefore it is probable
that exposure to chlorinated solvents (if occurred at substantial levels) was also
a contributing factor in the causation of kidney cancer in patient 7.2!+37

CONCLUSION

Based on the reviewed scientific literature and description of our patients,
we recommend to occupational physicians for their patients mandatory de-
tailed occupational history, social history, body weight, family history, or other
causes, and include exposure to industrial solvents in causation analysis of kid-
ney cancer.
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