Occupational Risk Factors for Subgroups of
Non-Hodgkin's Lymphoma
Lilith Tatham,' Paige Tolbert > and Carl Kjeldsberg’®

The non-Hodgkin's lymphomas (NHL) are a diverse group of
neoplasms of the lymphatic system whose incidence has heen
increasing in recent years. The Centers for Disease Control
Selected Cancers Study, a population-based case-control study
of several cancers, included a large number of cases of NHL
and a pathology review. providing a rare opportunity to study
risk factors for groups of NHL subtypes. We examined the
relation between occupational exposures and three subgroups
of NHL: small cell diffuse lymphomas (N = 185), follicular
lymphomas (N = 268), and large cell diffuse lymphomas(N =
526). There were 1,639 controls available tor comparison.
After controlling for demographic variable, and previously

identified risk factors for NHL, we observed two interesting
associations, one between solvent exposure and small cell
-diffuse lymphomas [odds ratio (OR) = 1.60: 95% confidence

Sinterval (CI) = 1.10-2.20], and the other between mear—~
< packaging/processing and follicular lymphomas (OR = 1.60;

95% CI = 0.99-2.60). The results ot this exploratory analysis
are primarily negative. Our lack of positive findings may indi-
cate that the subgroupsof NHL used may not be etiologically
distinct and that further work needs to be done to develop
an NHL classification system that 1s etiologically informative
and useful for epidemiologic studies. (Epidemiology 1997:8:
551-538)
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The non-Hedgkin's Iymphomas (NHL) are a diverse
group of malignant neoplasms of the lymphatic system.
Since rhe early 1970s, the incidence rate of NHL in the
United States has been increasing about 3—-4% a year,
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and the mortality rate of NHL has been increasing about
1% a year.' Changes in diagnostic criteria and known
risk factors such as familial factors, human immunode-
ficiency virus, immunosuppressive conditions or drugs,
and certain occupations only partially explain these rate
increases.™

Etiologic studies aimed at explaining the increasing
incidence typically have studied all NHL combined,
because the subtypes of NHL are thought to be related
and to arise from a common hematopoietic stem cell.'
The various NHL subtypes, as defined by the Working
Formulation classification system," have also been stud-
ied separately owing to likely eriologic heterogeneity
among the different rypes of NHL.*** Studying groups of
the Working Formulation subtypes may also be useful,'
because it results in larger numbers of cases than sub-
type-specific analysis, and possibly more etiologically
homogeneous groups than studying all NHL together.
The tollowing groups of NHL Working Formulation
subtypes have been proposed®*: small cell diffuse lym-
phomas (small lymphocytic and diffuse small cleaved
cell subtypes), tollicular lymphomas (tollicular small
cleaved, follicular mixed small and large cell, and follic-
ular large cell subtypes), large cell diffuse lymphomas
(diffuse mixed small and large cell, large cell diffuse, and
large cell immunohlasric subtypes), follicular center cell
lvmphomas (follicular {vmphomas, diffuse mixed small
and large cell, large cell diffuse. and small noncleaved
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FIGURE 1. Subgroups of non-Hodgkin's lymphoma. * =
subgroups used in analyses, selected on the basis of similarity
of cell type, likely cell of origin, and behavior as well as their
exclusivity.

subtypes), blastic lymphomas (large cell diffuse, large
cell immunoblastic, and small noncleaved subtypes),
and peripheral T-cell lymphomas (diffuse mixed small
and large cell, large cell diffuse, large cell immunoblastic,
and diffuse small cleaved cell subtypes) (Figure 1).
Many risk factors tor all NHL combined have been
identitied previously. and the evidence has been re-
viewed.’"!* Risks inherent to the individual include a
tanaly history of NHL or ocher cancer and inherited
immunodeficiencies. ldentified exogenous risk factors
include radiation at very high doses, viral infections and
related diseases such as AIDS, and phenytoin usage.
Occupations that have been associated with excess risk
include farmers. pesticide applicators, grain millers,
wood and forestry workers, chemists, cosmetologists, ma-

‘chmists, printers. and workers in the petroleum. rubber,

rlastics and synthetics industries. Cigarette smoking has
been found to he a risk factor for NHL in most,!*-'¢ but
not all,i* studies of this association.

In this study, we used the Centers for Disease Control
Selected Cancers Study database to identify occupa-
tional risk factors for three subgroups of NHL: small cell
diffuse lymphomas, follicular lymphomas. and large cell
diffuse lymphomas, as defined above.

Methods

Researchers at the Centers for Disease Control initiated
the Selected Cancers Study, a population-hased case-
control study, m 1983 to investivate certain forms of
cancer that had been linked to phenoxy herbicide or
chlorophenal exposure, in response to concerns abour
possible health effects of exposure o Agent Orange
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during the Vietnam War. This study has been described
in detail elsewhere.!®"?

In brief, investigators drew cases from eight popula-
tion-based cancer registries in the following locations:
Atlanta, Connecticut, lowa, Kansas, Miami, San Fran-
cisco, Detroit, and Seattle. All males born between 1929
and 1953, and hence of military service age during the
Vietnam War, and diagnosed with lymphoma, sarcoma,
or nasal. nasopharyngeal. or liver cancer between De-
cember |, 1984, and November 317, 1988, were eligible
for inclusion in the Selected Cancers Study. If a case
subject died betore participating, next-of-kin or another
proxy respondent was identified. Investigators frequency
matched controls on registry and date of birth in 5-year
categories to the expected distribution of all lymphoma
cases, identifying controls through random digit dialing.
Deceased cases and controls were not used in the present
analysis.

Investigators conducted telephone interviews for all
cases and controls. The questionnaire covered back-
ground characteristics, medical history, work history (in-
cluding detailed questions about specific jobs and expo-
sures to specific dusts and chemicals such as pesticides,
herbicides, solvents, and wood preservatives), military
history, and life-style.

In an attempt to confirm the pathologic diagnosis of
all cases, an expert pathology panel reviewed slides of
tissue or tissue blocks. The three pathologists on the
lymphoma panel independently reviewed the material
and made a diagnosis, and then the group reached a
consensus diagnosis.

Investigators identified 2,354 men as lymphoma cases
{(NHL, Hodgkin's disease. or lymphoma not otherwise
specitied) and 2,299 men as potenual controls and in-
terviewed 2,073 lymphoma cases and 1,910 potential
controls. Microscope <lides or tissue blocks were 0b-
tained for 2,004 of rhe lymphoma cases interviewed, and
a lymphoma diagnosis was confirmed for 1,511 cases as
NHL. NHL cases were classified according to the Work-
ing Formulation. TO achieve comparability with the
original analyses, we excluded control and case subjects
it at least one of the following applied: unknown military

" service in Vietnam (5 NHL cases. 7 controls); in Viet-
== nam or off rthe coast of Vietnam but not stationed there

(13 NHL cases, 27 controls); presence of AIDS or an
AIDS-related illness (289 NHL cases, 1control);or not
a U.S. resident betore 1969 (47 NHL cases, 99 controls).
We excluded those with missing information regarding
education (1 NHL case, 1 control). We also excluded
men w.th the following medical conditions or medical
historiss: systemic lupus erythematosus, non-AlDS-re-
lated immunaedeficienev, rheumatoid arthritis, immuno-
suppressive drug use, chemotherapy, or medical radia-
tion {133 SHL cases, 116controls). The final number of
cases available for analysis was 1,848, and the final
numher of controls available was 1.659.

CREATION OF NHL Stpcrops
We enamined small cell dittuse lvmphomas, follicular
lymphomas, and large cell ditfuse lymphomas in this
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study.*® We chose these three subgroups for several
reasons. First, they are mutually exclusive (Figure 1).
Second, small cell diffuse lymphomas are of A-cell origin
solely,”*=*- as are follicular lymphomas,**** and both
groups involve subtypes that behave similarly. Large cell
diffuse lymphomas, although a mixture of B- (80%) and
T-cell lymphomas, are related by their diffuse, large cell
nature, aggressive behavior, and their possible origin in
activated peripheral lymphoid cells.’*** The remaining
subgroups — follicular center cell lymphomas, blastic
lymphomas, and peripheral T-cell lymphomas— are
more heterogeneous groupings phenotypically and be-
haviorally, and they overlap wich the other selected
subgroups and each other.*#

OCCUPATIONAL EXPOSURE ASSESSMENT

The job history portion of the interview first asked
participants the following questions regarding all full- or
part-time jobs held for at least 1 year: job title, main
duties, type of business or industry, year started the job,
and vear ended rhc job. Participants were then asked
about specific jobs (such as meat packaging/processing),
and if this job had not been previously mentioned, the
questions listed above were asked. The third part of the
job history included questions about jobs that may in-
volve the use of herbicides or pesticides and the names
of specific pesticides and herbicides, but questions con-
cerning year of contact referred to all of the pesticides or
herbicides together rather than specific pesticides or
herbicides. The final part of the job history involved
questions about specific materials participants may have
worked with or around on a job (such as formaldehyde).
If the associated job had not been previously mentioned,
the questions listed above were asked.

We created a variable describing time since first ex-
posure fur all jobs or exposures for which year srarted the
job had been asked. This variable could not be created
for specific pesticides or herbicides. We divided time
since first exposure into exposure within 10 years and
more than 10 years before case diagnosis or control
selection. We calculated total years exposed if year
started and year ended the job were known, and we used
the median of the non-zero values of total years exposed
for the case subjects as a cutpoint in creating Juration of
exposure variables.

ANALYsis ‘

We created NHL subgroups by combining various
Working Formulation subtypes. The small cell diffuse
tymphoma subgroup (N = 185) included small lympho-
cvtic (N = 124) and diffuse small cleaved (N = 61)
lymphomas. The follicular lymphoma subgroup (N =
268) encompas<ed the follicular small cleaved cell (N =
179}, folticular mixed small and large cell (N = 36), and
follicular Liree cell (N = 33) lymphomas. The larae cell
ditfuse lvmphoma suberoup (N = 526) included wmu-
noblistic (N = 132), ditftuse small and large cell (N =
IR Do Lirze Jdeaved (N = 1) and noaddeavdd
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(N = 87) cell, and large cell diffuse lymphomas (N =
202).
We computed crude odds ratios to compare each NHL

-
E
&
subgroup with the control subjects with respect to po- ﬂv
tential confounders, including life-style and demo-
graphic variables. We used the SAS PHREG procedure:'
to run conditional logistic regression models to assess the

relation between each NHL subgroup and the following
exposures: pesticides, herbicides (farming and nonfarm-
ing exposure treated separately), wood/saw dust, sol-
vents, shoe/leather dust, meat packaging or processing,
metal plating, cutting oils, formaldehyde, chlorophendls; =~
heterocyclic nitrogens, carbamates, organophosphates,.
phenoxy herbicides, chlorinated hydrocarbons, and py-
rethroids (not considered for small cell diffuse lympho- !
mas owing to absence of exposure among cases). We
considered each exposure separately in models chat were
stratified on the matching variables registry and date of
birth {40 strata), and we controlled for the following
potential confounders: age at diagnosis/case selection
(5-year age groups), education, ethnicity, year entered
the study (vear of case diagnosis or control notification
of enrollment), being Jewish, having never married,
AIDS risk behaviors including intravenous drug use and
sex with a male, use of seizure drugs, service in Vietnam,
and cigarette smoking. If an occupational exposure vari-
able appeared to be a potential risk factor for an NHL
subgroup, we evaluated the impact of duration and time
since first esposure.

Results

DESCRIPTIVE ANALYSIS '
We present crude associations between NHL subgroups
and various potential risk factors in Table [. High levels
of cigarette smoking increased the observed risk tor all
subgroups. Hispanic ethnicity and higher education were
associated with decreased risk tor all NHL, and a status
of never having been married and reported AIDS risk
behavior increased the estimated risk for all NHL. For
follicular lymphomas, we observed decreased risk for
black and Hispanic ethnicity. Never having been mar-
ried and AIDS risk behavior were associated with in-
creased risk tor large cell ditffuse lymphomas, and higher
education and low levels of smoking were associated
with a reduced risk. Table 2 presents the frequencies of
occupational exposures for study subjects.

MorpeLinG RestLTs

Table 3 presents rhe results of models assessing the
association between occupational exposures and INHL
subgroups. For all NHL combined and for large cell
diffuse lymphomas, the risk among the exposed and
unexposed appeared similar after controlling for the var-
fous covariates. For this reason, we did not perform
duration or latency analyses.

Men exposed 1o solvents appeared to be at increase!
risk of small cell ditfuse lvmphomuas {odds ratio (ORY =
1.6Q: 939 confidence interval (CI) = 1.10-2.20]. The
tostinls of aiiadvaes ot duraton and rime sinee fst expo- [
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TABLE 1. Distribution of Cages and Controls According to Selected Characteristics, with Odds Ratios (ORS)
and 95% C... dence Intervals (Cls) for All Types of Non-Hodgkin's Lymphoma Combined and for Subgroups of

Non-Hodgkin's Lymphoma

All Non-Hodgkin's Small Cell Difuse Follicutar Lymphomas Large Cell Diffuse
\_Cﬂf'itm_l;‘)) Lymphoma (N = 1.048)  Lvmphomas (N = 1353) (N = 268) Lymphomas (N = 326)
(N = 1,659
Variable N N OR*(95%Cl) N OR*(95%CD N OR*(95%Cl) N OR* {95% CI)
Ethnicity 5
Whitet 1,400 918 1.0 158 1.0¢ 251 1.0 453 L.
Black 132 79 091 (0.67-1.20) 21 L30(0.77-1.20) 9 (.42 (C.21-0.36) 2096 (0.66-1.40)
Asian 3Q 12 0.74 (037-1.50) Q 30089 (0.26-3.10) 5 034 (Q.210-1.40
Hispanic 93 34 0.61(0.40-0.95) 5 0.54(0.20-1.50) 4 0.29 (0.10-0.84) 23 087(0.52-1.50)
QOther/unknown 4 5 2.10(0.55-8.00) 1 2.40(0.24-23.00) 1 1.50(C.16-14.00) 3 2.20(047-10.00)
Age (years) at study entrvi
IS Sy % 300 ;1% D 0500 B 0805110
36-40 317 148 3.91(0.59-1.40) 14 1.00(0.31-3.50) 50 1.100.52-2.3 . 5
4145 Hi 187 0.70.45-1.40) 31 1.90(0.43-3.80) 50 0.3(0.22-1.50) 98 0.8(0-39-1.70)
4650 318 214 0.730.37-1.40) 34 1.60 (0.29-3.60) 59 050(0.16-1.50) 112 O. ;33—1-%)
51-55 333 231 0.650.31-1.40) 56 1.50(C.25-9.30) Gl 0.42(0.12-1.50) 144 0.72(0.28-1.90)
56-60 210 158 0.530.22-1.10) 45 1.530.22-9.50) 33 0.34(0.09-1.30) 67 47 (0.17-1.30)
Educatlon
High schoolt 130 155 1.00 32 KSR B 100
ngh school. rech 498 357 0.830.68-1.10) B 0.86(053-1.40) 97 0.90(0.58-1.40) 178 (.87(0.61-1.20)
1-3 vears college 341 113 0-8X(C.64~1.10) B 2.970.57-1.60) 53 0.90(0.56-1.40) = 111 0.82(C.57-1.20)
=4 years college A2 328 0.71(0.55-0.93) B G77(047-1.30) D Q.7C(0.45-1.10) 161 0.6880.470.91)
Year of study entr
19341985+ Y 205 227 1.00 35 100 66 1.00 109 1.00
1936, 1987 1006 581 0.50 (0A40-0.63) 103 Q.61 (0.39-0.94) 152 Q47 (0.34-0.66) 139 .50 (0.38-0.66)
1938, 1939 343 240 C46(0.350.59) 47 055 (0.340.90) 50 0.35(0.23-054) 128 Q.50 (0.36-0.68)
Cigarette smoking (pack-years) .
g«onsmoﬁekh o 560 309 130 49 1.00 69 1.00 1o Lo
>0 to <15 367 175 0.87 (0.69-1.10) 31 0-95(0.60-1.50) 52 1 1Qu 78-1.70)  i8 0.60.51-0.94)
13 o <30 33 202 LIQ(Q.84-1.30 34 1.00(0.66-1.70) 52 1. 49 EC\’ g(_z)—% ﬁ; S (l) .92 ((Q 69—3..29))
o <45 207 51 110 {0.88-1.50) 31 1.20¢0 o__cL 41150 (0.97-2.30 70 0.72-1.4Q
Nty S5 EREIES B IR GES) § IR0 1) 1)
CUnknown pack-year.; 4 12 5.00 (1.6Q-16.00) 4 9.40(2. 10—-4’ 00\ 1 3.20(0.31-28.00) 7 5.40(1.50-19.00) |
Jewish
Not LeR 10 1L 177 1.0 260 1.0 509 1.00
Yey +9 E I IS TR TUL SR SN TS A0 QeI 17 130(073-250
Never married
Not 1.3 955 1.0 176 1.0 2% 1.0 470 1Y
Yes 122 93 1.5C(1.10-2 9 Q93 (0619 12 0.76 (Q.41-1.40) 56 LI0(L.20-2 8
Stationed in/off coast of Vietnam
~ Not 1,535 956 1.00 172 1.0 240 1.0 379 1.0
i Yes 124 91 L30(1.10-2.00 13 1.40(0.76-2.70) 18 1.60(1.00-1.60) 47 150 (Loo-2.20)
Used seizure Jrugs
Not 1.644 1.032 1.00 181 1o 265 1.00 520 LOQ
Yes~ 15 16 1.60(0.76-3.20 2.7Q.(0.56-8.60) 30 LI (C.30-3.80 6 1.20(0.47-3.20)
AIDS TE Tehavior .
Not loos oo L0 B 1 Q20 261 1.0 302 1.0
Yes 51 40 LT (LI-2.70) 2 056110.13-2.40) 7L WQ32-2.80) 24 19 (1.10-3.20)

* Qidds ranios are from conditonal fogstic models stratified on the matching vanables but noe adiusted tor other covanates.

¥ Referent category.
1 Age at case dagnosis or control notificaton of enery o the study.

sure are presented in Table 4. There was little evidence
of a positive duration-response refation between solvent
exposure and small cell diffuse lvmphomas. First expo-
sure within 10 vears was more strongly associated with
risk of small cell diffuse lymphomas than first exposure
more than 10 years before enrollment in the study.
Only those exposed to meat work appeared to be ar
increased risk  of developing  follicular  lymphomas
(OR = 1.60; 937, ClI = 8992200 We tound some
evidence of a duration-response relation tor mear work,

and first exposure within 10 years betore enrollment was
more strongly associared with risk of follicular lym-
phoma than first exposure more than 10 years before
enrollment (Table 4).

Discussion

The Lurge number of lymphoma cases in the Centers for
Discase Control Selected Cancers Studv and the pathot-

ogy review pertormed for the study presented an impor-
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Frequencies of Occupational Exposures for Controls and Cases, According to Subgroups of
Non-Hodgkin's Lymphoma
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Numher (%)

All Non- Small Cell Large Cell
Hodgkin's Diffuse Follicular Diffuse
Controls Iﬂymphoma %mphomas Lxlmphomas Lymphomas
Exposure (N = 1.659) = 1,048) = 185) = 268) (N = 526)
Farming exposure to herhicides _
Yes 281 (16.9) 171(16.3) 26 (14.0) 57(21.3) 81(15.4)
No 1,378 (83.1) 877 (83.7) 159(36.0) 2L (78D “445 (34.6)
. ~—
Farming exposure @ pesticides o~
Yes - 384(23.1) 236 (12.5) 34(18.4) 83 (31.0; 108 (20.5)
NO 1,275 (i6.9) 812 (77.3) 51 (81.6) 185 (69.0 418 (79.3)
Sonfarming exposure to herhicides _
Yes 191(11.5) 120 (11.4) 15(18.1) 37(13.8) 55(10.5)
NO 1468 (88.5) 928 (88.6) 70(91.9) 231(86.2) 471 (89.5)
Chlorinnred hydrocarbons
Yes 82 (4.9) 49 (4.0 9 (4.9) 15(5.6) 22(4.2)
NO 1577 (95.1) 999 (95.3) 76 (95.1) 253 (94.4} 504 (95.8)
Heteracvelic nitrogens
Yes 67 (4.2) 40 (3.3) +¢2.2) 11¢4.1) MEER
NO 1,592 (96.0) 1.008 (96.2) 181 (97.8) 257 (95.9) 505 (96.0)
Chlorophenoxy herhicides
Yes 98 (5.9) 53 (5.1) 6(3.2) 19 (7.1) 26 (4.9)
NO 1561 (94.1) 995 (94.9) 179 (96.8) 249 (91.9) 500 (95.1)
Carbamates
Yes 47 (2.8) 17(2.6) 3 (1.6 11(4.1) 17 (2.3)
NO 1,612 (97.2) 1021 (97.4) 182 (98.4) 257(95.9) 514 (97.7)
Organophosphates
Yes 83(5.0) 37(3.3) 4(2.2) (3.7) 2242
No 1,576 (95.0) 1011 (96.5) 181 {(97.8) 2158 (96.3) 504 (35.8)
Pyrethroids
Yes IC (0.6) 3(C.3) 0{30) 2(0.8) 1 50.2)
NO 1,649 (99.4) 1.045 (99.7) 185 (130.0) 266 (99.1) 525 (99.3)
Chlorophenols o
Yes 182 (11.0) 132(12.6) 23(15.1) 44 (16.4) 52099
NU 1,477 (39.0) 916 (87.4) 157 (84.9) 224 (83.6) 474 (9.1
Meral plating )
Yes 54(3.2) 30(2.9) 4(2.2) 7(2.6) - 152.9)
No 605 (96.3) 1,018 (97.1) 181 (97.8) 261 (97.4) 511(97.2)
Meat pankumg/procnsmg
Yes Y0 (5. 8) 12(6.9) 16 (8.7) 29(108) 1244.0)
No 1,563 (94.2) 976 (93.1) 169 (91.3) 239(89.2) 504 (93.8)
Chemical solvents ;
Yes 679 (40.9) 451 (43.0) 96 (51.9) 114 (425 213 (0.9
No RN GLAY T ¥ (4a.1) 134¢57.3) 3134395
Formaldehyde R
Yes 13Q(7.8) 93 (8.9} 21 (11.3) 17(6.3) 46 (8.8)
No 1,529 (92.2 955 (91.1) 164 (88.7) 251(93.7) 480 (91.2)
Wood/saw dust ‘
Yes 441 (16.6) 281 (268 37 (30.8) 72 (26.9) 139426.4)
No 1.218(73.4) 16T 30 128 (69.1) 196 (73.1) 387 (73.6)
Shoefleather dust
Yes 22(1.) 15(1.4) 2(L1) 7(2.6) _.5(1.2)
No 1.637 (98.7) 1033 (95.6) 183 (98.9) 261 (97.9) 521 (99.3)
Cutting oils
Yeu 340 (209 215200 17054 19 (ls. D I S50
No 1.319(70.5) N33 TN 13N (7460 NYSED M RN
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Exposure

Odds Ratio (95% Confidence Interval)

All Non-Hodgkin's

Lymphoma

Small Cell
Ditfuse
Lymphomas

Follicular
Lymphomas

Large Cell
Diffuse

Lymphomas

Farming exposure to herbicides
Farming exposure to pesticides

0.87 (C.69-1.10)
091 (0.75-1.10)
1.00 (0.80-1.30)

ing exposure to herbicides J
Chf(‘)tlgll';'lnalte h\gmcarhms 091 &0 2-1.30)
Heterocvclic nitrogens 0.81 {0.53-1.30)
Chlorophenoxy herbicides .76 {0.52-1.10)
Carbamakt‘es N g %g(g 363»—} ) ;)
O h} d
BB hates RS RN ERENS
thorophenols ) 1.10(0.36-1. 40)
Metal plating 0.83(0.52-1.30)
Meat packaging/processing 1.00 (0.72-1.40)
Chemical solvents 1.10 (0.90-1.30)
Formaldehyde 1.20 (0.86-1.50)
Wood/saw dust |.00 (0.84-1.200
Shoe/leather dust 1. O (0.53-2.10)
Cuttng oils 092 (0.75-1.1Q)

0.73 (0.46-1.20)
3()).7637(0.44-1.og\
VR CHRK)
0.4X0. [7-1.40
Q.45 (0.19-1.10)

LBA(0.19-2.20)

J4A(0. ])-1 30)

1317(0 8:-7 10)
0.89(0.24-2.00)
1.20 (0.66-2.10
1.60(1.10~2.2C)
1.40(0.87-2.40)
1.30(0.93-1.9Q)
0.93(0.21-4.20)

1.20 (0.84-1.80)

110 (2.76-1.50)
1.3 (2.96-1.80)
1. 984-1.90)
110(0.60-2.00
0.61¢0.30-1.20
1.00 (0.58-1.80)
110 (0.55-2.30)
8:383.3418)
140 (0.94-2.00)
2.80(0.35-1.80)
1.6040.99-2.60)
1.00 (0.79~1.40)
0.71(0.41-1.20)
0.88 (0.64-1.20)
1.62(0.64~4.20)
0.72 (0.51~1.00)

0.84 (0.62-1.10)
0.81 (0.62-1.00)
.92 (0.66~1.30)
0.80 (0.49~1.3¢)
.97 (0.56-1.70)
17.76¢0.47~1. 10)
Q.87 (0.44-1.70)

45 9139
0.84(0.60~1.20)
0.79(C.43-1.50)
0.59(0.36-0.96)
3.97(0.79-1.20)
1.10 (0.79-1.70)
1.00(0.80-1.30)
3.71(0.26-1.90)
3.91(0.70-1.20)

* Conditional logistic regresston involved stratifying on marching varables registry and dure of birth and controlling for age ar dagnocs, vear entered the study,
ethnicity, education, Jewsh religion, never having married, AIDS nisk behaviors, use of serzure medication. service in or off the coast of Vietnam, and smoking status.

+ Not considered because of absence of exposure among cases.

tant opportunity to perform robust analyses of occupa-
tional risk factors for NHL subgroups considered possibly
less etiologically heterogeneous than all NHL combined.
The few previous studies reporting subgroup-specific re-
sults have been small, and risk estimates have generally
been unstahle. In these studies, risk factors associated
with follicular lymphomas have included the occupa-
tions embalmer/funeral Jirector,’® carpenter/plumber
and construction worker,"; residing near a stone, clay, or
glass industrial tacility,’® and exposure to benzene, oils,
and ureases.”® Farming and the use of natural product

insecticides and organophosphates on livestock were
associated with small lymphocytic lymphomas.'@ Expo-
sure to pesticides and insecticides and to dust, sawdust,
and fiber particles was associated with large cell diffuse
lymphomas 1n one study.-” Based on these scant findings,
there is little prior evidence to form the basis of testable
hypotheses, and rather, the present analyses should be
viewed as hypothesis generating. Although primarily a
negative study, the two associations observed in this
exploratory analysis provide leads to be investigated in
future studies.

TABLE 4. Results ofDuration and Time since First Exposure Analyses for Occupational Exposures Noted to Be Associated
with Small Cell Diffuse and Follicular Lymphomas
Number of 95%
Subgroup of Non- Number Controls' QOdds Confidence
Hodgkin's Lymphoma Exposure Exposure History ot Cases® (N =1,659) Rauot Interval
Small cell diffuse Solvents Duration of exposure (vears)
lymphomas (N = 133) Nor exposed? 39 980 [.3¢
=9 > 47 394 1.5¢ 0.99-2.20
m———— >9 47 279 1.70 1.10-2.60
Time since tirse exposure {years)
Not exposedi 89 980 [\
=1¢ 16 38 30 [.60-3.80
>0 78 575 1.30 1.00-2.10
Follicular Ivmphomas Meat packaging/  Duration of exposure (vears)
(N =268 processing Not exposed: 239 1,563 1.0
=2 14 g? 1.20 0.63-2.20
>2 14 33 210 1.10-4.22
Tiune since first exposure {(vedrs)

Nut expasedi 239 1563 1.0 .
=10 3 1 9.0 Q.90-90.00
~10 25 94 1.4C 0.85-2.30

s Numbers Jonar add ool cwang 1o misange daca,
S Condinn el Ve resression maohved crantane en the matching vanables regerry nd dare ot birthand controlling for age ar diagnosis, vear entered the siadv,
ettty e e fewesh robsnen never bavan s marme s ATDS 2ok beh s nse cr s medivations senvee inor St the coust of Viemnam, and smoking statas.
T Raterent care oo
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In this study, only two associations were noted in the
espected direction: exposure to solvents appeared to
increase the risk of small cell diffuse lymphomas, and
exposure to meat work appeared to increase the risk of
follicular lymphomas.

We found little evidence of a duration-response rela-
tion for the association between small cell diffuse lym-
phomas and solvent exposure. The observed association
may not De meaningful, or the lumping together of many

different chemicals into the category "solvents" may
have obscured a dose-response relation in this analysis..

Our finding is supported by most studies of the relation
between all NHL and solvent exposure (usually defined
as a general exposure to organic solvents or work in an
industry where exposure to organic solvents is expected,
such as the rubber industry), which did find an associa-
tion.'3.2931-4 Fewer studies reported no association.” 4!+
There are also suggesrions that solvent exposure may be
involved in lymphomagenesis by decreasing T-lympho-
cvre counts*® or causing clonal aberrations+

Exposure to meat packaging/ptocessing may increase
the risk of follicular lymphomas, as is suggested by an
elevated odds ratio and positive duration-response rela-
tion. Meat work involves many potential exposures,
including nitrite, incomplete combustion products,
fumes from meat packaging materials (ben:zene includ-
ed), preservatives, 2,4,6-trichlorophenol, and viruses
that cause cancer in cattle (bovine leukemia virus) and
chickens (avian leukosis virus and Marek's disease virus)
and are widely present in raw meat.*-* Few studies of
the relation between meat work and NHL exist. Abat-
toir workers were found to be at increased risk of NHL,*
as were workers with potentially similar exposures in the
food processing™* and leather®” industries. Another study
did not find meat workers to be at increased risk of
NHL.* Veterinarians, a group with potentially similar
exposures, were found not to be at increased risk ot NHL
in one study.*®

There are several limitations of the Selected Cancers
Study that may have affected our results. Many occupa-
tional exposures were rare, resulting in scanty data. As
the study involves self-reported exposures, there is a
porential for recall bias that could bias the estimates
toward or away from the null* La Vecchia et al¥
however, have suggested that chrre is no reason to
assume a differential recall between cases and controls
for broad occupational categories similac to ours. The
validity of self-reported work history is also an issue. In
general, self-reported work history has been shown to be
valig,»o-» although the validity tends to increase with
length of time on the job*!** and decrease with num-
ber ot jobs held.*3 Overall, we would most suspect in
this study nondifferential misclassification due to a lack
of precision in self-reported exposure chat would bias our
results toward the null? It 1% of the subjects were
classified as unexposed when thev were acrually exposed,
the true crude s ratio for solvenes ind sk of small
cell dittuse 11, womas woulkd be 103 (estimated cruee

OR = 1.30), and that for meat work and follicular
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lymphomas would be 2.22 (estimated crude OR = 1.98).
These calculations indicate little bias to the null.

A general concern with these analyses 1s that known
etiologic subgroups of the non-Hodgkin's lymphomas do
not currently exist.*** The subgroups used in these anal-
yses have been proposed by researchers** and have been
used recently to a limited extent,”**® but our lack of
findings suggests that they may not De etiologically in-
formative. Further classification of NHL for epidemio-
logic studies may be improved by the inclusion of infor-
mation such as tumor location, phenotype, afid-speeific
genetic changes. -

A final concern of this study involves the large num-
ber of comparisons. We found two associations in th
expected direction and three associations in an unex-
pected direction (cutting oils and follicular lymphomas,
and farming exposure to pesticides and meat packaging/
processing and large cel! diffuse lymphomas) out of a
total of 67 assessed associations. As this is an exploratory
analysis, these findings will need to be replicated.
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