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Smoking and Risk of Non-Hodgkin -Q:E_wc_:u Subtypes

INTRODUCTION

Beiween 1973 and 1994, there was an 81 percent
increase in the incidence rate of non-Hodgkin lym-
phoma (NHL) in the United States, which constituted
one of the largest increases among the major cancer
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(NHL.) has 1ot been consldered (o be & smoking-relued
sggent olhwiwise. We evaluated thin wanictution in w cohot
7.336 women, aged 55-69 years, who reponed in mailed g in 1946

tion regarding smoking history as well as demographic, medical history and dietary factors.
Cuncer und fhostality experichice through 1996 was determinad by linkags to the lowa Cancer
Registry and other datubases; there were 200 incident cases of NHL. dusing the 380,231 total
pesson-years of follow-up. Compared (o never smokers, former (age-adjusted RR = 1.0; 95%
C1 0.8-1.5) and current smokers (age-adjusicd RR = 1.0; 95% Cl 0.7-1.5) were not a cle-
vated risk of NHL, and there was no tiend with pack-years smoked (Pyead =0.3). Multivariate
udjustment for other NHL risk factors did not alter these findings. Age-adjusted analysis by
NHL sublype reveaked u suggestive ponitive asscintion of amoking with follicular NHL.
HRR o= 1.3 95% (1 0.6-28), (RR = 1.8; 95% Cl 0.8-3.8)], which surengthened
livarisie adyustment [(RR jorpy® 1.6: 95% C10.7-3.4), RReuqenn = 2.3;95%Cl 1.0~
e was 00 association for diffuse or small cleaved-celt NHL. Our study findings,
are consistent with other recent i ig suggest that king may be jated
with an increased risk of follicular NHL.
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sites (1). The American Cancer Sociely estimated that

55,400 new cases of NHL would be diagnosed in

1998, nearly double the number of incident cases in
1970 (2). While a portion of this increase in the NHL
incidence rate has been attributed to better detection
and the emergence of AIDS, neither of these factors
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can fully account lor the incrcase in NHE e
observed sinee the 1950
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(23) amd tolficular (23, 26) NHL. One study combin-
ing the resulis from three population based case-con
trol studies suggested it the assaciaion between
smoking and NHL may be strong, DORR Woiien
than men (25). We prosent it brom a lisge poy

tion-based cohort study of

questionnaire and were subsequently tollowed using a
state-wide cancer registry 1o deternie their NHLL
experniee.

MATERIALS AND METHODS

Detuils of the lowa Women's Health Study have been
reported previously (28). Brictly, m Junuasy 1986 a
mailed questionnaire: was completed by 41,837 of
98,030 (42.7%) women age 5569 years who were
randomly selected from the 1985 lowa driver's license
tist. This sampling frame has been reported W cover
ver 95% of the target population (29). There were
only minor  demographic  differences  between
respondents and son-respondents  (28),  however,
respondents develuped less sinoking related disease

non-respondents during the Gist Hive years of fol-
30).
Hhe uschae questiionaine

low

hed cacli woian o
weport i she hid ever smoked cigareies

aregula
o who answered Uyes” were then ashed
o sepost the age at which they started simohiog, the

basis. Wan

avenge mmber of cigettes they sk per day,
thew custeat CLO86) sinoking status. wid the age they
stupped smoking i they no longer smoked. Baeh
oadso reposied o

all

- deimogiaphics,

1 peasonal aiedical bistosy, mcluding history

WLy b )

Follow-up

Vil status and cancer mcidence was deernnned

ven years ol lollow up fici 1986 twough
i EIRY

TR, 1992 and 1997 10 ussenn akdiosn clunges ind

b albow s grivesi M W

stibus Dcaths waie detesined thagh inkage

of peisonid wleantices (ine, addiess, socilb secunity

number, bl dite and snarden nanie) 10 lowa death

[ e, supplemented by data from the lollow: up
yuestionnaies . avd o pon-respondents, lnkage 10
the National Death index. Kentitication of meident
caneer was accaniplished thiough annual bnkage by
persoual identitiens o the State Health Registry of
WS Ui KRty Whind iy frass o Uie NvaalOlisl
Cancer Institute’s  Surveillance, Epidemiology and
End Results (SEER) program (1), Tumor site and

ogy (HC1-0), Second Editon (31).
The lustologic subtypes secorded in the cuncer reg-

sy were grouped according w the Working Formu-
lation (32) o the following subtypes: low grade
NHL (CD-0 cudes Y670, 9671, Y691, 9693, Y695, wr
9696), itermediate grade NHL (1CD-0 codes 9672,
9673, 9675, 9680-9682. 969K), high grade NHI.
(CD-O codes 9684, 9686), small lymphocytic NHL
(ICD-0O code 9670), fulliculur NHL (9690, 969],
9693, 9695, 9696, or 9698), diffuse NHL (ICD-O
codes 9595, 9672, Y673, 9675, Y680 -9682, 9684 or
9686), and all other NHL. (ICD-O codes 9590, 9671,
or Y700). Those NHL. cases that were not classified as
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low, intermiediate or high grade, or were otherwise
missing grude dute, were categorized together as
upchsatbicd NHYL

Duta Anulysis

T onder to pravide u cancer free cohon, we excluded
lrom analynis 3,903 women who self-reported ut
buscline (1986) a history of any cancer, except
non-melanoma skin cancer. This exclusion reduced
e utsisk coburt 10 17,934,

Fhie natioh g capomirs dati Tann the ueeline ques:
tionkwire wan usod (0 cuiegorize ouch women a8 &
“catrent”, “former” or “never” smoker and to calcu-
late puck yeus of sinoking, There weie 398 woition
(1.6% of total) i the cohont who were excluded from
unalysis due to missing information on smoking ta-
" v the b rish cohont Tusther ta a Tionl wial
o : 136 winnien. Puch-yeurs of smoking were cate-
gortzed u privri us none, < 20, 2040 and > 40.

Luch womun aceraed peeson: years of follow-up

reported here. The assumption for proportional haz-
ards for smoking was tested and found not to be vio-
Juted. Analyses were conducted uning SAS statisticul
software (SAS Institute Inc., Cary, NC).

RESULTS

During 380,231  person-years of  follow-up
(modian = 10.9 yewss) there were 200 incident cuses
of NHL. The mean age at disgnosis was 69 years
(range, 3781 yourn), At hunoline, approninately F3%:
of the cohort reported that they were current smukors,
19% were former mmokers und 66% were never
siniorkern, $4% soported dosn than 20 pack yeurn of
smoking, 11% reported 20-39 pack-years of smoking
and 9% roported greuter than 40 pack-yeurs of smok-
Hy
.,__g_a | proscutn the distribution of potestisl von-
founding varlubles across catogorien ol smuking sta-
tus, Smokers were slightly younger thun never
kers. Current smokers in general were more likely

txoi the date of regeipt of their 1986 b line ques-
tionnuire until: (1) date of NHL diagnosis, (2) date of
cinigration trom lowa, or (3) dute of death. If none of
these events occurred, person-years were accumu-
lated 10 December 31, 1996.

Age-adjusied and multivariate relative risks (RR),
ahaiyg Wit ¥3% cuifideace inervals (33% C,
calculated as measures of association between smok-
ing and NHL incidence using Cox proportional haz-
ardy reession (O3 Relative risks (PR) woers
generated for (1) all NHL; (2) nodal and extra-nodal
NHL; (3) low, intermediate, high, and unclassified
grade NHL; and (4) the following Working Formula-
tion subtypes: follicular, diffuse, smail lymphocytic
and all other NHL. Variables considered in the multi-
vatiste analysis as potential confounders included
age. alcohol consumption (nondrinker, < 3.6
grams/day, 2 3.6 grams/day), marital status (never,
former, current), history of blood transfusion (yes, no,
not sure), farm resid (yes, no), diab (yes, no),
and red meat consumption (servings/month). Addi-
tional variables considered but found not to influence
the results included education level, body mass index
and consumption of animal fat and fruit; they are not

1o engage in several dictary and lifestyle behaviors
reluted 10 risk of developing NHL. in this cohort than
were never or former smokers. Specifically, current
smokers ale slightly more red meat and animal fat
(both risk factors), but consumed much less fruit (a
piutective factor). Current smokers were also less
likely (o be currently married, and to have been edu-
cated beyond high school. In contrast, smokers drank
moze slechol (a protective factor) and were also less
jikely to live on a farm (a risk factor). There was litle
meaningful difference across smoking categories for a
history of diab or blood transfi (both risk fac-
tors).

There was no associalion between smoking history
and riak of NHL overali (Table if). When the outcome
was stratified by primary site (nodal versus
extra-nodal), there also was no association with

In the analysis of risk by grade of NHL, there was
no association of smoking with either low or interme-
diate grade NHL. High grade NHL was positively
associated with smoking, but was based on only five
cases, which limits any conclusions.




344 ALEX S PARKER ef ul

TABLE 1 Baschae demograptuc,

festyle und dictary Tuctues according 1o smokaiig status, lowa Women's Healih Study, 1986

Factor Never tu=24.602) Furmer (n=7,191) Current (n=5543)
Age (years) 6y 614 609
Red meat servingsin 122 298 REXT)
Frult (sesvings/muomh) s Iy 593
Anhinal Fut (ganilay) W (V) 40
Muriial Slutus
Cutiem (A1 T4 (3]
Formier % 22% 0%
Neve ¥ 2k 2%
Education
+ Aigh V) s 1A '
Hlagh Sl Si 0% AL
- Hiigh Sclont T I ok
Fuion Meakdono
N To. L L WA
Yes 24'% Hrx (1124
Franstuston Hiciory
Nuo 12% ek 724
Yeu 0% 27% 25%
Noi sure 1% (V3 4%
Abcohol Une
None od% 43% %
< 3.4 gransfiduy 2% 24% 20%
2 3.4 gramsiday 4% 3% $9%
History of Disbetes
No 93% Y3% Y49
Yes 6% T 5%
Not Suie (%] 14 1%

In the analysis by The Working Foimulation tamor
classification (32), there was no assoctation between
smoking history and diffuse or small tymphocytic
NHL. There was a suggestive positive association,
however, between smoking and development of fol-
licular NHL in the age-adjusted models. After multi-
variate  adjustment,  relative  risk  estimates
suengthened. Compared to never smokers, tonmer
(RR=1.6; 95% C1 0.7 34) and cuirent smuokers
(RR=2.3; 95% Cl 1.0-5.0) were at increased risk of
follicular NHL (pye,g = 0.03) and there was & trend of

increasing nsk with incieasing number of pack-years
Ol SmUKING (Pyyeg=0.06). Further stratification of cur-
rent smokers into those who smoked less than 20 cig-
areties per day and thuse who smoked 20 or more
cigareites per day, revealed titde diftesence in risk
estimates tor development of Tollicular NHL (data not
shown). There were 100 few data to estimate the
etfects of pack-years smoked for currem and former
smokers sepasately or 1o estimate nisk for time since
quiluag amony former smokers.
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o : Hodeki king history,
TABLE i Age amd muluvariate-adjusied refative tisks (RR) and 95% confidence intervals for gk by Stovy,
lowa Women's Health Swdy, 19861996

Smoking Swatus Pack-years of smoking*
TMK.M.,: i.?mw‘:.ﬁ Current p-trend < U 20-40 >40 p-irend
8
& unen 14 i 22 21
Peisnt-youn 234,248 R 50,735 41401 30,062
Age RR" [} L1081 10w 1y oK VYie 14 130820 £.210.7-19) (R}
Muluvaiae RR* 1 128 1) BI0T L v4 TOWe-10) 150023  1L.207-20) 0.2
l..l!.« Site
Nodal
Casce Y4 21 0 in 1 i4
Age RR | L7168 LI O] 090515 11(07-19) 13(07-2.D) 04
Multivurnte RR i PR 2 AN 205 03 Pidie- I8 14(08-24) 1.5(08-27 01
Eatia nisdab )
Conan W i W 6 |1
Age RR 1 12(0.7 23y 09(04-2.1) 09 0803-19) 1L7(08-34) 09.3-25) 06
Mulitvuiae KR i Pl 220 094 21 (1A ONIY 200 T8 Y 072 2D 0y
Grude
Low .
Cases 43 n 8 6 ]
Age RR i WUs 18 D94 19 1% ] 0T L 1210625 1004 25 (X
Muluvaitate RR 1 LE6-22)  1L105-2.4) [Ty} 09 (04-2.) tIWT-32) 1.2104-3.03 [E8]
Iniennedive ,
Cases [ 20 i3 2] 12 1
Age RR ] L0617 09(05-1.7) 09 08 4-16) 116-2.1) 1.210.6-24) 06
Muluvariaie RR i 1{0.6-18) 1.005-1.8) (13 090.5-1.7) 1.206-23) 12(0.6-2.4) 05
High
Cases 3 2
Age RR I 150.2-84) 0.7
Multivariaie RR i 240.4-16) 04
Nut Classitied ,
Cases i8 7 [] 5 6
Age RR i 1410.6-35) L7744 02 1.5(0.6-40) 22(09-56) 10(0.2-42) 03
Multivariaic RR 1 L6We-38) 1.90.7-50) 0.1 160645 24(09-62) 110248 03
Subtype
Follicular .
Cases 25 9 9 6 8
Age RR i 1310.6-28) 18 (0.8-3.8) 0.1 1.2(05-30) 20(09-45) 140539 02
Muluvariate RR ] 1.67-34) 23(1.0-50) 0.03 1.5(0.6-3.8) 26(1.1-58) 1.6(0.649) 0.06
Diffuse
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Smoking Status

Puck-vears of smoking”

Current p-irend A N: 20-40 >0 Pp-trend
Cases 73 ‘ BT ’ i i 9 o
Age RR * ] e L) 08w 14y 03 08415 Llie-2() Liws-2.h 09
Multivanise RR I Lo 18) Ooxw4 i) w6 95 1y LHe 20 T4 21) 0y
Small lymphocyue
Cases 18 3
Age RR | Wiy 1w
Mudtivanate RR 1 V440115 02
Other
Cases 1 L3 6 5 6 3
Age RR i P47 4 18074609 [{N} Lo 643 23wy-5Y) 15104 5.2 [IN]
Multivaiiate RR I JOWE-48) 210854 ous P37 50 27007 186563 (X1}
u. Referent group is never smokers
b, RR adjusted tor age
¢. RR E_,.:.,_n... tor age. marial status, sessdence on g favin, alcohol consumption, Wansfusion bistory, diabetes, sud red meat consumption
d. RR s for ever smoker
DISCUSSION

In this population-based cobort of fowa women, we
found no overall association between sinoking and
sk of NHL. There was, however, a suggestive asso-
clattion between smoking aad fotiicular NHI L, which
strengthened after iultivaciale adjusimient {or demo-
graphic, dietary and hifestyle sk fuctors 1or NHIL

There are stiengths and hinbations 10 these data
The Jow prevalence of simoking reported among these
women, particularly for hicavy smokers, hinuts our
abitity to fully define the dose-response relution. The
most critical limitation of this study overall was the
small sample size within many individual categories
of NHL subtype. Small sample size also preciuded
our ability 0 evaluate time since quining sinoking or
(o evatuate the influence of pack-years of smoking in
current versus former smokers. Stiengths of the study
include a large prospective study design, small loss o
follow-up, use ol a SEER Cancer Regisiry 1o deter-
nmine cancer incidence, and the ability to control tor
NHL risk factors that were often not addressed in pre-
vious studies.

NHL subtypes in this study were derived trom the
lowa SEER Cancer Registry data, which abstracts

diagnostic  pathology reports, and not by central
review. A siudy conducted in lowa trom 1981 10 1984

found that panel review by hght microscopy was of

questionable value due w the inability of the expert
panel to agree on many subtypes. However, the agree-
ment hetween the reported diagnosis and the panel tor
stmall lymphocytic and follicular NHL was excelleat
34

Our finding of no overall association  between
simwoking and NHE, is consistent with most previous
studies (11-21), although a few positive results bave
been reported. In a population-based case-control
study of men conducted in fowa and Minnesota (23),
there was @ positive association (OR=1.4; 95% (1
LAi-18) for all NHL, but no evidence lor a
dose-response relution. In the Selected Cancers Study,
i population-based case-control study of men, there
was nu overall association with NHL, bot there was a
positive  assoctation  tor heavy (22.5 packs/day),
fong-term (30-39 years) smokers (OR=1.45) ¢27).
Finally, in a large prospective cohort study in Utah
there was a strong association between heavy ciga-
rette smoking and death from NHI (RR=1.8; 95% C1
{4-10.1) (24),
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Of potential interest in our study was the tinding
thit after multivariate adjustiment, corvent smokers
had a significant increase (- 130%) w risk of develop-
ing follicular NHL compared to never smokers. There
was some evidence for a dose response relation with
pack-years of smoking, although the risk attenuated
for the heaviest smokers, possibly due o competing
mortality from other smoking related diseases, or a
weakening of efiect by inclusion of ex-smokers in the
pack-ycars analysis.

The potential existeince of an assuciation between
siiokling and particubar subtypes of NHI. has been
reported previously (23, 25-27). In addition to find-
ing an overall association between smoking and NHL,
Brown ¢t al (23) reported that current smokers
appeared to be at greater risk of developing both fol-
licular NHI. (OR= 1.4; 95% Cl 0.9-2.3) and high
grade NHL (OR= 2.4; Y5% Cl 1.0-6.0), specifically.
Herrinton and Friedman (26) also reported evidence
of a specific NHL subtype association with smoking
from a prospective cohort study of 253,000 Kai-
ser-Permanente Medical Care Program members ages
16-84 years (median follow-up = 11 years; 673
cases). Age and sex-adjusied analysis revealed no
overall association with NHL, bul a positive associa-
ton was detecled between smoking and tollicular
NHL [RR yiren=! 4. 95% C1 (0.9-2.2); RR¢y =19,
95% C1(1.2-2.9)).

There are several potential mechanisms by which
sinoking might influence the development of NHL. h

is well do d that cigaretle simoke contains var-

lymphocytes from smokers make more mistakes in
the repair of DNA damage than lymphocytes from
non-smokers (40). This impairment of the body's
intrinsic defense against _E:c:«n:nm.m is favorable 1o
the further development of NHL.

Little atteation has been given 1o the biology
behind the finding of a specific association between
smoking and tollicular NHL. It is well documented
that greater thun 85% of all follicular NHL. tumors
cuntain a unigue transiocation of the bel-2 wmor-sup-
pressor gene locus (41, 42). The chromosomal trans-
location 1(14;18) (432:421) involves o juxtaposition
of the bcl-2 gene with (he immunoglobulin
heavy-chain gene. The resulting wanslocation up-reg-
ulates the bel-2 gene product and is thought to then
deiay or even eliminate apoptosis (43). A study by
Bell et al (44) on a group of healthy men and women
under the age of 52, found a strong association
between cigaretie smoking and detection by PCR of
the (14;18) chromosomal transiocation in peripheral
blood sampies. Using logistic regression models, the
authors reported that individuals classified as having
140 pack-years of smoking had an elevated odds of
the bel-2 wanstocation (OR=1.5; 95% C1 1.2-1.9),
and those categorized as having greater than 40
pack-years of smoking were 3.9 times more likely 0
have an increased ((14;18) wranslocation frequency
(95% CI 1.8-8.4). Bell and colleagues proposed that
carcinogens from cigarene smoke could increase the
rate of 1(14;18) translocations by inducing breaks on
chromosome 18. Aliernatively, they suggested that

jous lymphomagenic agents, including radioactive  the baseline rate of bel-2 translocations are equal in

elements (i.e. polonium-210) and benzene (35). Other ~ smokers and non-smokers, but that cigarette smoke

possible lymph 2 such as fi Idehyde (36) gens may late expansion of rare B-cells con-
ing the .

and organic solvents (37) wre also known c
of twbacco smoke (38). The most plausible theory
suggests that one of the many potential carcinogens in
tobacco smoke could cause a mutagenic alteration in
a lymphocyte precurssor cell.

In addition to a possible initiation of lymphom-
agenesis by carcinogens found in cigaretie smoke,
there is also evidence of an indirect promotion effect
of cigareite smoke. Lower percentages of natural
killer cells have been shown 1o be associated with cig-
aretie smoking (39). Reports have also suggested that

Our study supponts the finding from several other
investigations that there is no overall association
between smoking and development of NHL. How-
ever, our data do suggest that smoking may be a risk
factor for development of the follicular subtype of
NHL.
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