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Tobacco and non-Hodgkin’s
lymphoma: combined analysis of
three case-control studies
(United States)

Shelia Hoar Zahm, Dennis D. Weisenburger, Frederick E Holmes,
Kenneth P. Cantor, and Aaron Blair

(Revereed 20 June 119, acvepted i vveoed form 280 Nother 1996)

! { combined analysis of
y h i Fradghin's lymphaina (NFI) was evaluated in & com!

...“.p..-._..””.:.—..»r_h.-.“._.x_.._..—..._.”””..”e.-..h_«n:-t.ée._:“m studios conduciad i tour midweatusi states wl thes Usilted w...-.ﬂ--.m
Nebraska, lows, Minnesota, and Kans, Interviews were e!-t—&. from _._,wu cans A_ccu_ men, 184 ‘zjv:—r-:
3.02% contenbs (2918 mea, 707 women ) or il deceased, from sheir next-of-kin. Overall, there was no assoc
_u.n-inn.. NHL and tobacco use (udds ratio {OR] = 1.0, 95 poscent cuntideie ttsrval _.. A) =00 L) ur g_c.:z..c-
smoking (OR = 1.0, Cl = 048-1.3). A slight negative -..cnr..t.w svideat in _.!J.«-.z;v.ﬂr 58.:..«--0:. m:ﬁn.:e...&..-
smoking was not preseit when interviews from proxy resp ts were | .3_1:- —.:gl_. on
ive aasuctation buiwsen smoking and NETL among women (OR = 1.3, C1 = 0.9-1.9), although there

.n._.“.__. x| relationship. This large case-control analysis provides av evidence that smwking b linked
-x hlihd o T

to the development of NHL among men. The possible role of smoking in the ctiology of NHL among women

needs further evaluation, Cancer Causes and Control 1997, 8, 159-166

Key words: Case-conirol studics, non-Hodgkin’s lymphoma, smoking, tobaceo, United States.

Hodgkin’s lymphoma among smokers with a two- to
threefold increase for high grade and ==n_uwm5&. non-
Hodgkin’s lymphoma." Risk wncreased with duration of
smoking, but not intensity. A cohort study of vc.__Q_._
holders of the Lutheran Brotherhood lnsurance Society

reported smokers having a twofold elevation in mortality
from NHL, with an almost fourfold elevated risk among
heavy smokers. No information on cell type or a—:.»nmc:
of smoking was available. In addition, the growing

Introduction

Historically, non-Hodgkin’s tymphoma (NHL) has not
been considered a tobacco-related malignancy. Most
studies have shown littde or no association between NHL
and smoking.!” ‘Two recent studies, '™ :cinxnn. were
more supportive of an associauon. A vcv:_.—:c:.vm.mne.
case-control study of men in lowaand Minnesota (United
Suates) observed a4 40 percent increased risk of non-
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consensus that cigarette smoking is related causally o
leukemia has suggested the need to reevaluate its role n
the etiology of other hematopoietic and lymphauc mal-
gnancics, although the evidence is stromgest for myelotd,
not ymphoid, leakemia ' "

T examine the role of tobacco in the etiology ol Ni L,
we combined data from divee population based ane
conrpob studien conducted in fom mdwestens VS sages,
chiduig the pupulavon previously vepuiied by Brown
¢t al." The wombined daaset provided the large number
ot subjects tegired e evaluan Y aticaal ow kvl
visha and 1o o analysee on e lagh ok wliggionipe
suggested by the carlier rescarch.

Materialy and methods

The three popubation based case conuol studies com
buwed ton this reanalysiy were conduciad in Nebiaavka,
lowa/Misnesota, and Ransas, Detaded descaptions ol
the methods for cach study have becn published else
where X MEach swdy fuctuded several lymphatic and
hematopoietic mabiguancies and, 1 Kansas only, soft
tiemue aatcoma. The studios i lowa/Minnesota aid
Katnas incdwled only White inen, while thy Nelvaska
stuely s haded bl Whine men aid Wine women, Tlas
report will evaluate NEEL among White mes and wonien.

Cuses

In Nebraska, all cases of NHE among White men and
women, age 21 years or older, residing in the 66 counties

Table 1. Number ot non-Hodgkin's lymph cases and

of eastern Nebraska, and diagnosed between 1 July 1983
and 30 June 1986, were dentified thiough the Nebraska
Lymphonia Study Group and area hospials (# = 227 men,
214 women)(able 1), fn the fowa/Minitesota study, all
newly dagnosed cases of NHIL among, White men, aged
30 years o1 older, were ascertamed from lowa State §ealih
Regintry records and & apecial surveillane of Minnesoia
henpital and pathobigy laboratory reconds (n 780). I'he
diagnoais peviod fos chigibility was March 1988 duough
October 1983 in fowa, and October 1980 through
Septaabier 1982 10 Minucsoid o Mtnaesond, cases wha
vestded i the e ol Minneapobin, S Paod, Dinbuih, o
Rowtiester at the tune of diagnosis weae excluded because
agticubiural exposures weie the primary focus of the
otigtial vestigations. b Kansas,albcases of NFEHL among
Whie e, aged 21 yeas o alda, diagnoacd froan 1479
through 1981, were identified duough the University of
Ransay Cancer Data Service, o registry coveriny the state
o Kavman A vandonm sasple of 200 mien wan diawa fiom
the 297 NEL cases diagaosed m Kansas during the eligible
e period.

Tunior tissue from the cases was teviewed by expert
prthobogran and chassibied aooanding e ihe Waorkig
Foumulasion.” ” Analyses of follcular (Warking Foima-
latton categonies WD), dibuse (Working Farmslation
varcgeaes B Gsmall ymphocyin (Warching Fotmuls
tion category A), and other (Working Formulation
categories H-J and miscellancous) NHE are presented.
Only listologically conticmed cases were mchuled. ‘Phe
snnbecol contimed cases was 426 (220 men, 206 women)
in Nebraska and 172 in Kansas. In lowa/Minnesota, the

studies in Nebraska, Kansas, and lowa/Minnesota

, Tesponse rales, and study methods in the case-contiot

Nebraska Kansas lowa/Minnesota
o Men Women Men Men
Cases identified 227 214 200 ‘
780
Histologically confirmed 220 206 172 a
interviewed 201 184 170 alnm
Interview response rate 91% 89% 96%"
Controls identified 831 824 1,005 o
interviewed 725 707 .m&w “ MHM
Interview response rate 87% 86% 94% .
81%
Overall control response rate® 85% 84% 90%
o e . 78%
* Paihology revi nlers o pi
E<.mtwn< ew occurred afier the interviews were conducted. Cases who were not interviewed did not undergo pathology
o
The 96 percent response rate was based v 170 interview
s out of 172 conlirmed non-Hodgkin's § hona cases iniialh
diagnosed as non-Hodgkin's lymphoma and five non-Hod, ' i s o e in
-Hodgkin's lymphoma cases initially diay Sanc
 ine sty (09, Hogenre mase y diagnosed as other cancer lypes in

tates.
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Overall control response rates account for the response rates 1n the inilial household census and th

e interview responsa

pathology review occurred after the interviews were
obuained from cases. Because cases who were not inter-
viewed did not undergo pathology review, the toral
aumber of eligible, histwlogically -confirmed cases cannot
-—F. ;n—ﬁn—:—_.—f_r—.

Controls

Connoly were selecied randomly from the same geo-
graphic arcas as casea, with frequency matching by race,
kende, five-year age group, and vital staws at the time

few, B tivi e €5, voinrils
were sehected by twes stage sandom digi dialiog (RD1).
Vo living cases aged 65 or ulder, conols were selected
from the Health Care Finunuing Administration (Medi-
care) revords. For deceased cases, controls were selected
B staie moitabity bilea wile additonal natcing lon
year of death. Persons with a cause of death of a malig-
nancy under swudy, or in Kaunsas and Nebraska, a
inalignain y ol an b delined wite, homicide, saicide, o
legal intervenuon were excluded. A total 01 4,203 contiola
(Nebraska: 831 men, 824 women; Kansas: 1,005; lowa/
Minnesota: 1,543) were identified.

ol

i Wk N

& Coste WL

Intervieun

Iiterviews were conducted with the subjects, or thele
nent ob ko ik e subyecin were deceased on mcapacitated.
"The interviews were done by telephione in Nebraska aud
Kansas and in-person in lowa/Minnesoa. in Nebraska,
3RS Caves (208 micn, N4 woanen) and 1,432 contruls (725
men, 707 woimen) waie interviewed, yiclding terview
response rates of 91 percent for male cases, 89 percent for
temale cases, 87 percent for male contiols, aud 86 percent
tor female controls. The overall response rate for controls,
which accounted for the 91 percent response rate in the
houschold census phase of the RDD procedure, was 85
percent for men and 84 percent for women. In Kansas,
170 cases and 948 controls were interviewed, yielding
interview response rates of 96 percent and 94 percent,
respectively. The RDD houschold census had a 92.3
percent response rate which made the overall conteol
response rate 90 percent. In lowa/Minnesota, 780
presumptive NHL cases were ascertained and 694 (89
percent) were interviewed. After pathology review of the
interviewed cases, 622 were confirmed as NHL. Inter-
views also were obtained from 1,245 controls (81 percent)
in lowa/Minnesota. The overall response rate for controls,
accounting for the 87.5 percent household census
response rate, was 78 percent. Combining the three stud-
ies, interviews were obtained from 1,177 eligible cases
(993 men, 184 women) and 3,625 controls (2,918 men,
707 women). Fourteen male controls were excluded from
the analyses in this report because of missing data.

In each study, the interviews contained detailed
questions on tobacco use including: the use of cigarettes;

Tobacco and non-Hodgkin’s lymphoma

age or calendar year the person started smoking; the
number of years of smoking (Kansas) or the age or
calendar year the person stopped smoking (Nebraska and
lowa/Minnesota); average number of cigarettes per day;
use of cigars of pipes; and use of smokeless whacco.
Because aot all of the studies collected detailed informa
tion on intensity and durstion of nun-cigarette tobacco
products, those data will not be presented. The interviews
alanr included other peasutial visk facture for non
Hodghkin’s lymphoma, such as a family history of cancer,
employment as a farmer, pesticide use, occupational
expusures, and medical conditions, with some variation
aciuss the thres studies.

Risk measurement

The meaniite of ancintion wan e odds 1o (OR),
Combiuing the subjects from the three studies, risk esti-
mates for tubaceo use were sdjusted for age (20-44, 43-64,
65 74, 751), gender, and state (Nebraska, Kansas, lowa,
Minncsota) by stiatibication. The source of the interview,
) -EA% bjccts th Ives cf proxy respond was
fuund to be a negative confounder in these data and was
added an 4 stratificadion factor. Adjustment for ever haviny,
lived o worked on « e did not change sk oathinates
and in not prevented in thin repon. Maxinimim likelibood
estimates of the overall visk and 93 porcent confidence
intervals (C1) were computed by Gart's method.” For
duration and i ity-response relationships, significance
was assessed by means of Mantel's one-tailed linear trend
tont, M

Results

Table 2 presents the ORs for NHL by characteristics of
tobacco use for all subj bined and by respond
type. Overall, there was no association between NHL
and any tobacco use or cigarette smoking, Risk appeared
to decrease slightly with increasing intensity and duration
of smoking, primarily due to the negative associations
among subjects represented by proxy respondents.
Analyses based on living subjects alone showed an excess
of borderline signifi g current smokers, but no
expusure-response gradients were observed.

The role of smoking in the development of NHL
appeased 1o differ by gender (Table 3). While there
appeared to be little or no association in men, particularly

g subject respond NHL was associated with
smoking among women. Among the female subject
respondent smokers, NHL was increased about twofold.
However, the exposure-response gradients, although
statistically signifi were incc and g lly
diminished in the highest category. The ORs were similar
for exposure-response gradients among ex- and current
siokers (data not shown).

Cancer Causes and Comrol. Vol 8. 1997 161
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Table 2. Number of non-Hodgkin's lymphoma (NHL) cases and cunirols and odds ratios (OR) for tobacco use by respondent m & aEe S TENTET M_f o w, w
East , K N , and M 50l = 5 X -y X o @
type n wmw.:‘ Nebraska, Kansas, lowa, an innesolta m m 8 I M ! N Mw i M M &w i m M W mm | _ wmm m . .
Tobacco use Totai Direct subject respondents Proxy respondents o m z ceco ez m egeece m ez m .m.._r
! A x S ©
NHL Controls OR (CI)* NHL Controls OR (CH° NHL Controls OR  (C)" 3 g > o~ G ame 5 @@ANN 5 ~m@0d £
. e e : e R R &5 815 1212221 ZQddTld S-rfa-le Sdd-e e
No tobacco use 356 1,179 221 753 135 426 m
Ever used tobacco 820 2,424 10 (08-t1) 518 1,330 11 (08-1.4) 304 1,084 07 (06-1.0) E w M
Unknown 1 [} - 0 3 - —_ [} 5 — — m mm Mﬂﬂ. Y F-s IB&"™ QeRE8- g8Ee @
Cigaretie smokers 728 2,168 1.0 (08-11) 467 1203 1.1 (09-14) 258 261 07 (0.6-1.0) ul m
Ex-smokers 37 1,134 08 (0.7-1.1) 257 72 10 (0813) 114 422 0.7 (05-1.0) p M o 14
% oOwewnn R X
Current 308 850 11 (0913 203 4% 13 (10-1.8) 105 a4 08 0511 |3 3 GA° 328 SR - ;
unknown® 47 180 7 15 - - 40 165 - - m m N :
& h AW FoRH LR anea
Cigareltes per day 3 = @ aaxw aonA i o o
19 % 2563 11 uB14 58 157 10 (0.7-185) 41 96 12 (07-18) m g (151 333 b 5mmm... MMWWM_ mmmm R
10-18 136 383 1 (08-15) 83 00 13 (10-18) 43 147 08 (051.3) m . e ece ec 0 e w = 5 m m.
20 251 753 08 (0812 178 1 11 (081 73 302 06 (0408) e ° o
a & w0 e~
214 210 3 UB (06.10) 138 W10 (712 T8 38 08 (40w " £ 129229 332315 32221¢ 3e28:c 5
Unknown 30 1"ne - - 3 12 - 27 100 - - W w
Chi, P-value for trend® 18,004 03,04 -38, < 00001 - _
& @asmwma RRBS™ BI85 R Ro8YN ]
Yourw sinoked % “ - W
110 8 230 12 (0816 86 178 11 (0.7-18) 23 52 14 (0825) 3 L m &
=3
11-20 101 284 11 (0815 69 20 10 (0718 a2 83 12 (0721 8 2 lego grg® ogygrw coregw® wgew m
21-30 120 316 11 (08-14) 85 218 10 (07-14) 35 97 12 (0720 2 z - 5
j : e e ) . 8 o P 3
w“ 40 w_.wa 402 08 (06-11) c.~ 231 1.1 (08 15) 39 _N,. 05 (03-08) W ] a8F ERA§ n.llzl. ‘Hmﬂ.
' 244 My uw WO/t ana R I Y W VT 402 08 (B408) s 8 . T Tee weage e Q3nn
Unknown 46 oo - 7 T ™ 156 - - &« S |lal &ara Ladnr ariddd b & R R .
o e e gg¢ sggg sgegee geee w
Chi; P-value for trend -1.3,01 1.1;0.1 -3.6, < 0.0001 Y m : M M S
o S - - E
Pack-years m WR Q 091_ 02.0.9_7 2009.0,1. mwmms §
<15 158 456 1.1 (08:-14) 108 21 11 (0814 51 136 L1 {0717 3 6 |-l ~e~ rerelg ~-r° ? @
15- <35 186 511 11 (0813 139 M3 12 (0816) 47 168 08 (0.512) 2 M. $ S
35 - <55 169 474 09 (0711) 123 203 10 (08-14) 46 181 06 (04-10) ° ] m $9c @egay wg¥ge YR T pga | =
55 - 156 148 497 08 (0610) 89 222 09 (07-1.3) 59 275 05 (0.3-08) s . S |¥ m s gg 3 23 mrrao CE R m 5
Chy; P-value for trend -1.7,0.04 06,03 -3.6, < 0.0001 g w o s
T | [ B8 MO QWY Qo - B8RES
& Odds ratio (95 percent confidence interval) adjusted for age, gender, stale, and respondent lype, compared with nonusers 8 - m W. m b3 m = 8 2 m BIRB m - H m,
of tobacco. _ ® -
¥ Qads ratio (95 percent confidence interval) adjusted for age, gender, and stale, p 10 no of tob M m = F£F§ P E-) FR ) Ty=2o m. m
© Some smokers could not be classified as ex- or current smokers b of g values for either age started or years 2 le Int el aeral haddn |l Db b b M
of smoking, vanables used 10 impule current simoking stalus in the Kansas study. 8 « | = S cge -N-X-X-) [=E-N-K-X-) 8 cges, | B 3 3
° Trend tests do not include the unknown category. _ W m m S M L] 5 e
< - § Ner-mho  § ool : W
s | 38 1srs3m mEamid wooe3id oUsd Boien
Awnong men, there was no evidence tor a role ot tobacco female cases, but showed greater risks tor these three _ m m m L) M
in tollicular lymphoma (OR = 1.0, CI = 0.7-1.3) (Table 4).  hiswologic 1ypes of NHL among current smokers than g 0w el © o N~ © |
. . T e . A ® 2 B 32 8 &R < ~
Smokers had a slightly decreased risk ot diffuse lym-  among ex-smokers. Risk for folhcular and, to a greater _ w. 8 W § m grr =8 m & 3 2586 m - W m m “ M m €
phoma (OR = 0.8, Cl = 0.6-1.0) and small lymphocytic  extent, smalllymphocytic ly miphoma appeared wo increase € = m 2 2
lymphoma (OR = 0.7, Cl = 0.5 1.1), and an in¢ with years smoked (P = 0.02), based on small numbers _ W m 3> Rl ﬂ w m 8 8 .m m M g g .m m m B m m .&u m 2 m.m
of the remaining types of NHI (OR = 1.4, Cl=1.0-2.1).  (data not shown). Female smokers generally had no T o dm Am m g m 3
No consistent exposure-response gradienis were observed  greater risk of other histologic types of NHL. than non- _ m 2 2 H 2 a8
(data not shown). These relationstups were not changed smokers. % a8 8 @ 3 8 k-] 8 i 8 o2
when analyses were restricted o interviews supplied Other forms of tobacco showed no association with _ 2 m @ m 2 N < F} ] 2558
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users had an OR of 10 (C1 =07 1.2). A _ M m o w W 8 R M - [
- ZWwDO P -
who used only oue type ot wobaceo, the pipe or cigar — ==
|



S.H. Zabm eval

.—-e—. 4. Number of non-Hodgkin's lymphoma (NHL) cases and conlrols and odds ratios (OR) for tobacco use by histologic
type® and gender in Eastern Nebraska, Kansas, lowa, and Minnesota

Tobacco use Follicutar
NHL Controls OR  (CI)° NHL
Men
No tobacco use 685 69 — — 100
Ever lobacco use 2,216 216 10 (07-1.3) 268
Unknown 3 [ - - 1
Cigaretie smokers 1,957 9 10 (0.7-13) 237
Ex-simokers 1,054 '] 09 (06-12) 134
Current 746 88 t1 (08-17) 88
Unknown® 197 4 . 15
Womaen
Nu tobavos use i ah A0
Ever used lobaoso 208 20 Py (br2by 27
Unkiown -] i} 1]
Ligsiatles sinokein Pt i b oo &
Ex-smokeis 80 6 0y (0.3-23) 7
Current 104 12 14 (06-30) 16
Unknown® 23 2 - 4

-

A), other (Working F iation H-J and [l
Odds ratio (98 p: ! interval) ad|
Some amohers could not be ¢ led 48 6x- of Current

]

jus ;_o;c...

Diftuse Smait .<.=1:ba<=o Other
OR (Ci) NHL OR (Cl) NHL OR (C)

— - 32 - = Y Z— —
08 (0610) 80 07 (0511 188 14 (1.0-2.1)
0

— — 0 —_ —

08 (06-10) 61 06 (0410) 169 1.4 (10-21)
08 (081 37 08 (0410 & 1.2 (0819
08 (0511) 22 0.7 (0413) N 17 (1127)

2 18
4 a0

10 (UB28) b 34 (0/160) 16 0O (VALY
0 0

18 (Ut H) h A {7l (VN1 i (DA LN)
11 {0428 2 31 (04214 6 0B (UI24)
1.8 (08-38) 3 38 (08223 8 09 (0322
- . 0 - - 2 -

thatalugy. Falitouiar (Working Fostadation i3 1), Jiffuse .<<:;.:: Futwlation £ ), amall lyinphucytis (Warking T aiialalion

p type, pared (o ot

™

of amioking, vatiabiea ussd o Bnpats cuttent smokbing sinbg

stuvhety Bad ain €U of 1O 0 - Ut LA aind uscrs ol
smokeless tobacco had an OR of 0.8 (Cl=0.4 1.3).
Persons who used all torms of wbaceo (e, cigarettes,
pipes, or cigars, and smokeless wbacco) at some tie
during their lives had an OR of 0.9 (CI = 0.6-1.3).

Family history of cancer did not significantly modity
the risk of NHL. associated with smuking,

Discussion

This combined analysis of data from three population-
based case-control studies was based on approximately
1,200 cases and 3,600 contruls. A total of 726 cases and
2,164 controls smoked cigarettes, making this study far
larger than any single study previously published on
NHL and tobacco use. Overall, there was no association
with cigarette smoking or use of other forms of tobacco.
A shight negative associaton evident 1 the analyses by
mntensity and duration of smoking was not present when
analyses were restricted to information obrained directly
trom hiving subjects. Proxy respondents for deceased cases
and matched deceased controls showed signiticandy
decreased risks of NHL, probably due to the inclusion
of controls with smoking-sclated causes of death.” While
1t would be possible to exclude known smoking-related
auses of death from the deceased controls tor reanalysis,

164 Cancer Causes and Conuot Vol 8. 1997

ot ing values for either uge staited or years
i the Kansas slutdy

Mobaughbuy e o have topentad that sudd cas bision
reduces but does not eliminate the excess of cigarene
smokers among deceased controls. For simoking, it would
be better o base this study’s conclusivus on the iving
subjects only.

There was a suggestion of a positive association
between smoking and NHL among wonien, but not men.
1t is difticult to postulate a geader-specific causal associa-
ton fur smoking However, there is some evidence that
women smokers incur a greater nsk of lung cancer than
men who smoke similar amounts.” **In the present study,
there were no clear exposure-response gradients, and the
assuciation among women may be due 1o chance. On the
other hand, a lack of an expusure-response gradient also
was observed 1n a study of smoking and leukemia® for
which the relationship is more clearly established.
Smoking is known to have eftects on the immune system
including alterations in T-cell subsets, elevated white
blood counts, and lower percentages of natural kilfer
cells. ** linmunodeficiencies and immunosuppresion,
both genetic and acquired, are strong visk factors for
NHLE.*"* Most previous studies of NHE and smoking
have consisted of men only"” ** "or presented resubts for
men and women combined.** Willianis and Florm!
reported nonsignificant increases of some types of lym-
phoma among women in the highest cigaretite smoking

level based on small numbers of cases. Additional data
on smoking and NHL among women are needed.

it smoking were related causally 10 NHL among
women, the increase in smoking among women in recent
decades® might explain some of the 57 percent increase
among women in the incidence of NHL. over the past 20
years.* Most other known and postulated causes of NHL,
such as human immunodeficiency virus, pestcides, and
solvents, are more prevalent among men than women.® "
‘The agents responsible for the rising incidence of NHL.
wmight ditfer among men and women. Cigarette smoking
and other lactors, such as use of hair coloring produces,®*
may be responsible tor the rise in wonien, but play hietle
or no role among men,

Vhin baoge vame ot stindy provides sonig eviden e
that smoking has little or no ettect on the development of
NI among men. Howeves, the pomsibic vote of smoking
e e stiedogy ol NHIE asmong, wonian sweds baathe
evaluauon to determine it @ gender-specttic response may
ageur.
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lntroduction
Since Wertheimer and Leeper' published the tesults of an - magnetic fields (ELEF-EMF) and cancer in children. There
epdenmologic study on clecurical wiring configurations  are two main reasons for carrying out another study on
and childhood cancer, several studies? ® have been carried residential EMF and childhood cancer. First, a number
cun e the hypotens that there s an asociation of lacture prevent sirung conclusions from being drawn
between residential extremely-low-frequency clectro-  concerning the possible effects of magnetic fields on either
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