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Risk of non-Hodgkin’s lymphoma among men occupationally

exposed to organic solvents
by Hakan Olsson, MD, Lars Brandt, MD'

OLSSON H, BRANDT L. Risk of non-Hodgkin’s lymphoma among men occupationally exposed to or-
ganic solvents. Scand J Work Environ Health 14 (1988) 246—251. An occupational history of exposure
to organic solvents, defined as daily occupational exposure for at least one year, was more common among
167 men with newly diagnosed non-Hodgkin’s lymphoma than among 130 healthy referents from the general
population (38 versus 14 %). Categorization in five-year age groups gave 3.3 as a Mantel-Haenszel esti-
mate of the odds ratio (95 % CI 1.9—5.8). The odds ratio was 6.5 (95 % CI 3.2—13.3) for localized
supradiaphragmatic tumors and 2.3 (95 % CI 1.3—4.3) for other lymphoma presentations. In a logistic
model including age and organic solvent, phenoxy acid, and chlorophenol exposure, it could be shown
that solvent exposure was an independent risk factor and that no important interaction occurred between
the risk factors. With increasing duration of exposure there was a significantly increased risk of lymphoma,
a finding implying a dose-response relationship. There was no significant difference in tumor histology
between the exposed and unexposed patients. These findings support the concept that occupational ex-
posure to organic solvents is a risk factor for non-Hodgkin’s lymphoma. The results also confirm a strong
association between such exposure and an initial supradiaphragmatic location of the lymphomas.
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Occupational exposure to organic solvents may be a
risk factor for the development of Hodgkin’s disease
2, 8, 16, 17, 22). There are also indications that non-
Hodgkin’s lymphoma may be related to such exposure
(8, 22, 24, 25), and in preliminary studies we found
that a history of occupational exposure to solvents may
be especially common among patients with an initial
supradiaphragmatic location of the disease (18, 20).
To explore the possible association between exposure
to solvents and the development of non-Hodgkin’s
lymphoma further, we have compared the occupa-
tional histories obtained from a consecutive series of
male non-Hodgkin’s lymphoma patients with the cor-
responding information obtained from a reference
group of healthy men. We also considered it impor-
tant to investigate whether an association between
occupational exposure to solvents and a supradi-
aphragmatic location might be confirmed.

Subjects and methods

Patients with non-Hodgkin’s lymphoma

A consecutive series of 167 adult men with non-
Hodgkin’s lymphoma admitted to our department in
1978—1981 was studied. The median age was 57 (range
20—81) years. In this period approximately 70 % of
the non-Hodgkin’s lymphoma patients aged 16 to 70
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years and diagnosed in the southern health care region
of Sweden were referred to the department, whereas
the referral rate for patients over 70 years of age was
about 40 %.

Representative tumor material was obtained from
all patients and classified according to Rappaport (21).
Clinical staging was performed according to the Ann
Arbor classification (4). In addition to clinical stage
an initial supradiaphragmatic location of non-Hodg-
kin’s lymphoma was recorded separately. Localized
skin lymphoma was also considered because such le-
sions may be especially related to exposure to herbi-
cides (19, 20).

Interviews and definition of exposure

All the patients were interviewed personally by one of
us (HO) using a standardized questionnaire. No pa-
tient declined an interview. A lifetime occupational his-
tory was recorded as described previously (18). Ex-
posure to organic solvents, phenoxy acids, and chlo-
rophenols was given special attention. Patients who
had occupationally handled organic solvents for at least
one year daily were classified as exposed. Those who
had handled phenoxy acids or chlorophenols occupa-
tionally for at least 1 d were considered exposed to
these agents.

Referents

Two groups of healthy men were selected from the
population register as referents. Group A comprised
50 men who also served as age-matched referents in



a case-referent study of Hodgkin’s disease. This group
was recruited from the same geographic area as the
non-Hodgkin’s lymphoma patients. Their median age
was 47 (range 18—77) years. The referents in this group
were interviewed by one of us (HO). All the referents
accepted the interview.

Group B consisted of 90 men with a median age of
56 (range 17—78) years from different parts of
Sweden. They were selected as referents in a case-
referent study of soft-tissue sarcoma. Ten referents
from this group refused the interview or could not be
contacted. One-fourth of the remaining 80 referents
were residents in the same geographic area as the non-
Hodgkin’s lymphoma patients. The referents in this
group were interviewed by two trained interviewers,
neither of which was one of the authors.

The questionnaire used for the referents in groups
A and B was the same as that used for the patients
with non-Hodgkin’s lymphoma. In all the interview
situations the interviewee was known as a case or a
referent.

Statistical methods

Odds ratios were calculated according to Miettinen
(10). With the use of Mantel-Haenszel’s test, a chi-
square test was computed, and summary odds ratios
for five-year age groups were calculated with the 95 %
confidence interval (95 % CI). For the univariate odds
ratios the test-based confidence interval by Miettinen
was used.

To study the simultaneous effect of solvent ex-
posure, phenoxy herbicide exposure, and chlorophenol
exposure on the risk of lymphoma, we used a logistic
model adjusted for age and possible interaction be-
tween the exposures. The possible associations between
solvent exposure and a supradiaphragmatic tumor lo-
cation (18, 20) and between phenoxy herbicide ex-
posure and localized skin lymphoma (19, 20) were also
studied in separate logistic models. The possible im-
pact of duration of solvent, herbicide, and chlo-
rophenol exposure on the risk for non-Hodgkin’s lym-
phoma was also investigated in separate logistic

models. For the multivariate analyses of the odds
ratios, the standard error of the maximum likelihood
estimate was used to calculate the confidence intervals.

There was no difference in solvent exposure between
the two reference groups (X*=0.19, NS). Nor was
there any appreciable difference between the two
groups regarding exposure to herbicides or chlo-
rophenols. Thus, for practical purposes, groups A and
B were combined in the analyses.

Results

Daily occupational exposure to organic solvents for
at least one year was reported by 38 % of the cases
and 14 % of the referents.

"In table 1 solvent exposure is shown for the refer-
ence groups and the cases in five-year age categories.
The patients with non-Hodgkin’s lymphoma were
more often exposed to solvents than the referents
(X*=17.7, P=0.0001, Mantel-Haenszel estimate for
five-year age categories). The corresponding odds ra-
tio was 3.3 (95 % CI 1.9—5.8).

Fifty-five patients had localized supradiaphragmatic
lymphoma (table 2). The Mantel-Haenszel odds ratio
for this group of lymphoma patients was 6.5 (95 %
CI 3.2—13.3). In 112 other patients the lymphomas
were localized below the diaphragm, or the disease was
generalized. This group had a lower odds ratio of 2.3
(95 % CI 1.3—4.3).

In table 3 the relationship between solvent, phenoxy
acid, and chlorophenol exposure on the risk for lym-
phoma is given by different logistic models. As can
be seen, solvent exposure was an independent risk fac-
tor of lymphoma when the model was adjusted for age
and the other factors (odds ratio 2.0). No important
interaction was evident between the risk factors. The
highest risk was seen for patients with supradiaphrag-
matic tumor location (odds ratio 3.4). An increased
odds ratio was seen for other lymphoma locations, but
the risk was substantially lower (odds ratio 1.4).
Neither phenoxy acid exposure nor chlorophenol ex-

Table 1. Number of patients with non-Hodgkin’s lymphoma and referents with daily solvent exposure for at least one year ac-

cording to year of birth.

Referents
Patients
Year of birth Group A Group B
Exposed Unexposed Exposed Unexposed Exposed Unexposed

—1955 2 1 0 4 2 10
1950—1954 0 2 3 3 0 0
1945—1949 6 3 0 6 2 9
1940—1944 5 5 1 7 2 6
1935—1939 6 4 0 0 0 0
1930—1934 5 11 2 10 0 0
1925—1929 2 8 0 2 0 9
1920—1924 1 18 0 6 2 12
1915—1919 7 14 0 2 1 14
1910—1914 8 15 0 2 3 4
1910— 1 23 0 2 0 4
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Table 2. Tumor location in relation to year of birth and exposure of the patients to organic solvents.

Supradiaphragmatic location Others
Year of birth

Exposed Unexposed Exposed Unexposed

—1955 0 1 2 0

1950—1954 0 0 0 2
1945—1949 5 0 1 3
1940—1944 3 0 2 5
1935—1939 4 2 2 2
1930—1934 3 2 2 9
1925—1929 0 0 2 8
1920—1924 4 8 7 10
1915—1919 2 3 5 11
1910—1914 3 2 5 13
1910— 7 6 4 17

Table 3. Risk of lymphoma related to exposure to solvents,
herbicides and chlorophenols and to the site of tumor loca-
tion, calculated with different multivariate models. (95 % Cl =
95 % confidence interval)

Exposure Odds ratio 95 % Cl
Model 12

Solvents (all patients) 20 1.5—26

HerbicidesP (all patients) 1.3 0.8—2.1

Chlorophenols (all patients) 1.2 0.7—2.0
Model 112

Solvents (supradiaphragmatic) 34 23—-52

Chlorophenols (supra-

diaphragmatic) 1.7 07—4.2
Model 1112

Solvents (infradiaphragmatic

or generalized) 14 1.0—20
Model V2

Herbicides® (localized skin

involvement) 100 27-371

a Adjusted for age and the risk factors simultaneously. No sig-
nificant interaction was seen.
b Herbicides = phenoxy acid exposure.

Table 4. Exemplified risk of lymphoma in relation to duration
of solvent exposure. (95 % Cl=95 % confidence interval)

Difference in length of exposure Odds ratio 95 % CI
120 months 1.8 1.2—-27
240 months 33 1.5—7.1
360 months 6.0 1.9—19.0*
* P<0.001.

Table 5. Histopathology in relation to exposure to organic sol-
vents. Classification according to that of Rappaport trans-
formed to the working formulation classification (26).

Exposed Unexposed
Histopathology -

N % N %
Low grade 13 21 29 28
Intermediate grade 18 29 36 35
High grade 27 43 33 32
Lennert lymphoma 3 5 0 0
Angioimmunoblastic
lymphadenopathy 1 2 3 3
Sezary syndrome 0 o] 2
Unclassified 1 2 1 1
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posure was significantly related to lymphoma risk.
However, for localized skin lymphoma, a significant
risk was seen for phenoxy acid exposure (odds ratio
10.0).

The duration of exposure was 1—47 (median 10)
years. The latency time from the start of exposure to
the diagnosis of non-Hodgkin’s lymphoma was 2—60
(median 21) years. The risk of lymphoma increased
with the duration of solvent exposure, and therefore
a dose-response relationship, logistic regression
(P<0.001) was implied (table 4). No evidence of a
dose-response relationship was seen for the herbicide
exposure or the chlorophenol exposure.

There was no significant difference in histopathol-
ogy between the lymphoma patients with and without
exposure to solvents (table 5). The age at diagnosis was
slightly lower for the exposed patients (median 54
years) than the unexposed patients (median 58 years),
but the difference was not significant.

A variety of occupations was associated with ex-
posure to solvents. Thus employment in the operation
or repair of machines accounted for 20 %, work in
the chemical industry or as a chemist for 16 %, work
as a painter for 14 %, work in the wood or furniture
industry for 11 %, printing work for 9 %, employment
in the rubber or plastics industry for 6 %, shoe
manufacturing for 4 %, cleaning work for 3 %, and
biological work for 3 % of the number of exposure
events. Occasionally work in the metal industry, build-
ing industry, transport service, retail trade, or military
employment was associated with solvent exposure.

Discussion

The results of this study suggest that occupational ex-
posure to organic solvents may be a risk factor for non-
Hodgkin’s lymphoma. Moreover, the association with
such exposure was found to be especially strong for
non-Hodgkin’s Ilymphoma patients with a supradi-
aphragmatic location of the disease.

A recall bias regarding exposure must be considered
possible in a case-referent study with the present de-
sign. To reduce this possibility, we defined exposure
as a fairly long period, ie, one year, of handling sol-



vents daily. Certain data indicate that recall bias was
not of crucial importance for the present results. Thus
there was a remarkable difference in exposure reported
by the non-Hodgkin’s lymphoma patients with a supra-
diaphragmatic tumor location and that reported by
those with other initial locations. There were no obvi-
ous reasons for some non-Hodgkin’s lymphoma pa-
tients recalling a long period of exposure more often
than other patients with the same disease.

All the patients and all the referents in group A were
residents in the southern health care region of Sweden,
whereas the majority of the referents in group B lived
in other parts of the country. Due to the geographic
differences exposure to various chemical hazards might
be different in the two reference groups. However, the
proportions of referents exposed to solvents, herbi-
cides, or chlorophenols were very similar in the two
groups, and we therefore considered it justified to com-
bine them into one group of referents in the analyses.
The patients and the referents in group A were inter-
viewed by one person, whereas those in reference group
B were interviewed by two other persons. Although
a standardized schedule was followed in all the inter-
views, it is possible that different interviewers may ob-
tain different information. However, the exposure
data obtained from reference groups A and B were
strikingly similar, and it is therefore unlikely that the
information on exposure obtained by the different in-
terviewers differed systematically.

One disadvantage with the personal interviews used
in the present study was the fact that the interviewer
was aware of whether the interviewee was a patient or
a referent. The use of written questionnaires analyzed
blindly might have reduced this potential bias. On the
other hand the use of such a design in a study group
of patients with a relatively high median age may have
disadvantages. Information may often be incomplete
and necessitate a supplementary personal interview of
some patients and referents. In the present material
the quality of the information obtained in the personal
interviews may thus outweigh the potential bias in-
herent in this method.

The present results confirm our preliminary find-
ing that previous occupational exposure to organic sol-
vents is especially common among patients with an in-
itial location of lymphoma above the diaphragm (18,
20). Thus the crude odds ratio for these patients was
6.5 compared with 2.3 for patients with subdiaphrag-
matic or generalized lymphomas. When age and other
risk factors were adjusted for, the odds ratios were 3.4
and 1.4, respectively. As proposed previously (18), one
reason for a supradiaphragmatic presentation of non-
Hodgkin’s lymphoma in patients handling solvents
may be that these volatile agents cause a considerable
exposure of the mucous membranes in the upper and
lower respiratory tract. Lymphoid tissue in these areas
is probably exposed to higher concentrations of the
substances than such tissue in other parts of the body.
It therefore seems reasonable that initial malignant

transformation should be observed in lymphoid tissue
above the diaphragm rather than in such tissue located
elsewhere.

A great variation in the duration of exposure, 1—47
years, was recorded for the non-Hodgkin’s lympho-
ma patients, and there was a relation between the du-
ration of occupational exposure and the risk of non-
Hodgkin’s lymphoma. This finding implies a dose-
response relation between exposure to solvents and the
risk of developing non-Hodgkin’s lymphoma. How-
ever assessing the duration of exposure might not ful-
ly describe the extent of the exposure because the en-
vironmental concentrations of solvents are unknown.
Moreover, a daily handling of solvents for one year
was required for a classification as exposed, and shorter
periods of exposure might well be hazardous. In future
investigations also shorter periods of exposure than in
the present study should therefore be considered.

There were large variations in the length of periods
from the start of exposure to the diagnosis of non-
Hodgkin’s lymphoma, 2—60 years with a median of
21 years. Because the putative malignant transforma-
tion caused by solvent exposure may have occurred at
any time during the period of exposure, the average
latency time from tumor initiation to clinical
manifestation should be less than 21 years. This as-
sumption is in concordance with observations of non-
Hodgkin’s lymphoma after exposure to ionizing radi-
ation (14). The excess risk of non-Hodgkin’s lympho-
ma did not appear until 14—16 years after such ex-
posure. It appears that the average latency time for
the development of non-Hodgkin’s lymphoma in as-
sociation with environmental hazards is longer than
for acute leukemia caused by similar agents. Thus, in
patients with acute leukemia following exposure to
benzene, the average latency time from the start of ex-
posure to diagnosis seems to be about 10 years (1, 23),
and acute leukemia following exposure to therapeutic
irradiation and chemotherapy is usually seen 2—12
years after such treatment (3). The average latency time
from the start of exposure to solvents until diagnosis
may also be longer for non-Hodgkin’s lymphoma than
for Hodgkin’s disease. In a previous study (17) we
found the corresponding time to average 10.5 years for
patients with Hodgkin’s disease following occupational
exposure to solvents. Despite the great variations ob-
served the latency times for the development of malig-
nancies affecting the hematopoietic and lymphatic sys-
tems may be relatively short when compared with those
for other tumors related to environmental hazards. In
epidemiologic studies of leukemias and lymphomas it
may therefore be important to include cases with a
relatively recent exposure to suspected etiologic agents.

In previous epidemiologic studies of the relation be-
tween solvent exposure and the development of malig-
nant lymphoma, it has been impossible to define the
agent(s) which are especially hazardous. This failure
is due to the fact that almost invariably multiple or-
ganic solvents have been handled by the exposed pa-
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tients and referents (13, 17, 22). As expected, the same
problem was encountered in the present study, and we
cannot therefore make any risk assessment for any
specific solvent used.

Occupational handling of phenoxy acids, suspected
as a risk factor for non-Hodgkin’s lymphoma (8), was
not a confounding factor in the present study. Thus,
in a multivariate analysis, solvent exposure was an in-
dependent risk factor, and there was no interaction be-
tween solvent exposure, herbicide exposure, or chlo-
rophenol exposure. Moreover there was no association
between supradiaphragmatic location of the lympho-
ma and exposuré to herbicides, whereas isolated skin
lymphomas were associated with such exposure.

No particular morphologic type of lymphoma was
predominant in the exposed patients. This finding is
analogous to those for acute leukemias. Thus Aksoy
et al (1) found various morphological subtypes of acute
leukemia following benzene exposure. Despite the het-
erogeneous morphological pattern there are indications
that the lymphomas in patients occupationally exposed
to solvents may have some properties in common. Cer-
tain chromosome aberrations in lymphoma cells from
exposed non-Hodgkin’s lymphoma patients are more
common than in lymphoma cells from patients without
any history of exposure to solvents (Brandt et al, sub-
mitted for publication). These findings are also analo-
gous to results of chromosome studies with patients
with acute nonlymphocytic leukemia and a history of
exposure to potentially mutagenic chemicals (6, 11, 12,
27).

In the present study there was a relative under-
representation of patients above the age of 70 years.
The risk assessments calculated may therefore be less
reliable for the oldest age groups. Nevertheless our
results support the concept that occupational exposure
to organic solvents may be hazardous with regard to
non-Hodgkin’s lymphoma. Because such exposure
may also be relevant for the development of other
malignant disorders of hematopoietic and lymphatic
tissue (1, 2, 5,7, 8, 9, 15, 16, 23, 25), our data sup-
port the opinion that occupational exposure to organic
solvents should be minimized.
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