REPORTS

Serum a-TocopheroI and those with less cumulative smoke expo- tightly control for confounding and to
; sure. These findings suggest that high carefully evaluate effect modification by
Subsequent Risk of Lung levels ofa-tocopherol, if present during  several relevant study factors. Underlying
Cancer Among Male the early critical stages of tumorigen- our investigation was the hypothesis that,
Smokers esis, may inhibit lung cancer develop- because the ATBC Study was made up of
ment. [J Natl Cancer Inst 1999;91: older, chronic cigarette smokers, baseline
Karen Woodson, Joseph A. Tangreal738-43] serum levels might better reflect their
Michael J. Barrett, Jarmo Virtamo, long-term exposure to antioxidants during

Philip R. Taylor, Demetrius Albanes ~ Many carcinogens create free radical?ar“er' critical periods of tumorigenesis.

that damage DNA gnd other ceIIu'IarSUBJECTS AND METHODS

_ structures, both initiating and promoting

Background: Higher blood levels of tumor developmentl). Antioxidants can  sample population. The sample population con-
a-tocopherol, the predominant form of neutralize free radicals, thereby preventsisted of 29133 white male smokers aged 50-69
vitamin E, have been associated in ing this cell damage and subsequent maears participating in the ATBC Study conducted in

some studies with a reduced risk of lignant transformationu-Tocopherol (the Finland. The ATBC Study was a randomized, pla-

lun ncer t other studi hav . . ._cebo-controlled trial designed to determine whether
ung cancer, but other studies have predominant and most active form of vi actocopherol (50 ma/day)p-carotene (20 mgfday).

yi_elded co_nf_licting reSUItS_' To clarify  tamin E in humans) is the major chain-or poth substances would reduce the incidence of
t_h|5 aS.SOC|at|0n, we examme_d the rela- preaking antioxidant in lipid phases, suchung and other cancers. The overall design, ratio-
tionship between prospectively col- zs within the hydrophobic regions of cel-nale, and objectives of this study have been pub-
lected serum a-tocopherol and lung |ylar membranes or low-density lipopro-ished (15). Recruited during the period from 1985

cancer in the Alpha-Tocopherol, Beta- teins (2), and it is thought to inhibit car- through 1988, participants were followed during the

; . . . . .. active trial period until death or April 30, 1993 (me-
Carotene Cancer Prevention (ATBC) cinogenesis p”mar”y throth Its dian foIIow?up 6.1 years). The tr[i)al results shf)wed

Study cohort. Mem(_)dS: Th_e_ ATB_C antioxidant activity(3). In addition to its a 16% increase in lung cancer incidence among men
Study was a randomized, clinical trial antioxidant role,a-tocopherol may also who received-carotene supplementation and no ef-
of 29 133 white male smokers from Fin- jnhibit carcinogenesis through various alfect for vitamin E(14). Men continue to be followed
land who were 50—-69 years old and who ternative mechanisms, including inhibi-aﬂer intervention. Exc!uded from thg stugly were
had received a-tocopherol (50 mg), tion of cell proliferation(4), induction of men who were alcoholics, who had cirrhosis of the

f . K iver, who had severe angina with exertion, who
B-carotene (20 mg), both, or neither apoptosis (i.e., programmed cell deat ere diagnosed with chronic renal insufficiency,

daily for 5-8 years. Data regarding (4),inhibition of angiogenesié), and en-  who were previously diagnosed with cancer, or who
medical histories, smoking, and dietary hancement of immune functia(). were taking vitamin A or E o-carotene beyond
factors were obtained at study entry, as Observational studies in humans of thepecified doseg14). The ATBC Study was ap-
was a serum specimen for baseline association betweem-tocopherol and Proved by the institutional review boards of the Na-
a-tocopherol determination. a-To- lung cancer have yielded inconsistent reional cancer Institute (U.S.) and the National Pub-
copherol measurements were available sults. Prediagnostic serum levels havis Health Institute of Finland, and written informed
’ . . onsent was obtained from each participant prior to
for 29102 of the men, among whom been shown to be inversely associateg,dom assignment.
1144 incident cases of lung cancer were with lung cancer in somg—9)but not all Identification of lung cancer case patientsPar-
diagnosed during a median observation (10-12)cohort investigations, and case-ticipants in the trial who were diagnosed with inci-
period of 7.7 years. The association be- control studies [reviewed ifL3)] are gen- dent primary cancer of the lung or brgnchl{S_ [Inter-
tween a-tocopherol and lung cancer erally supportive of reduced lung cancefational Classification of Diseases."@evision,
was evaluated with the use of multi- risk among persons having higher blood®9€ NO: 16415) up to December 31, 1994, were
. . identified through the Finnish Cancer Registry and
variate proportional hazar_ds regres- levels o_fa-toqopherol. _ _ the Register of Causes of Death, which provided
sion. Results:A 19% reduction in lung We investigated the relationship be<jose to 100% case ascertainment nationwit).
cancer incidence was observed in the tween prospectively collected serwo- The medical records of the case patients diagnosed
highest versus lowest quintile of serum copherol and lung cancer incidence in th@uring the intervention period (up to April 30, 1993;
a-tocopherol (relative risk = 0.81; 95% Alpha-Tocopherol, Beta-Carotene Cancer
confidence interval = 0.67-0.97). There Prevention (ATBC) Study. Although this
was a stronger inverse association controlled trial did not provide evidence Afiliations of authors:K. Woodson, J. A. Tan-
among younger men (<60 years), of lung cancer prevention from-tocoph- grea, P. R. Taylor, D. Albanes, Cancer Prevention
among men with less cumulative to- erol supplementation overgl4), it was Studies Branch, Division of Clinical Sciences, Na-
bacco exposure (<40 years of smoking), important in this setting to evaluatetional Cancer Institute, Bethesda, MD; M. J. Barrett,
and possibly among men receiving whether prerandomization serumto- 'nformation Management Services, Inc., Silver
. . . pring, MD; J. Virtamo, National Public Health In-
a_-tocopherol supplementation.Conclu- cppherql concentrations, reflecting usu titute, Helsinki, Finland.
sions: In the ATBC Study cohort, dietary intake, absorption, and other as- correspondence tokaren Woodson, Ph.D.,
higher serum a-tocopherol status is as- pects of the vitamin’s metabolism, werem.p.H., National Institutes of Health, 6006 Execu-
sociated with lower lung cancer risk; predictive of the subsequent developmeriive Blvd. MSC 7058, Bethesda, MD 20892-7058.
this relationship appears stronger of lung cancer. The study’s size and num- See“Notes” following “References.”
among younger persons and among ber of events provided sufficient power too Oxford University Press
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n = 874) were centrally reviewed independently byseparate methods: 1) the residual method describgtence interval [C|] = 3%_33%), 20%
two study physicians, and those of the cases patieny Willett (20) and 2) the inclusion of total energy 95% Cl| = 3%_34%), and 23% (95% Cl
who were identified after intervention (up to Decem-intake as a continuous covariate in the hazard mod-_ 7%-36%) for the fifth compared with
ber 31, 1994; n= 270) were reviewed by one study els. Multivariate models were developed by includ- . o
physician. Histologic or cytologic confirmation, ing seruma-tocopherol in a model for lung cancer the first quintile of serumx_—tocopherol,_
with the use of the classification of the International@s previously describe¢l4). This model included dietary a-tocopherol, and dietary vitamin
Classification of Diseases for Oncologg7), was age at random assignment, body mass index (BMIE, respectively. The risk estimates re-
made for 93% of the cases. Histologic subtype indefined as the weight in kilograms divided by themained unchanged when intakesoefo-
formation for the trial period case patients was obSquare of the height i‘n meters, years of C_igarettﬁopherd and vitamin E were evaluated by
tained from central review of histopathologic andSmoking, number of cigarettes smoked dalily, an%ombining baseline dietary and supple-
cytologic specimens by two pathologists and pu|mo1nterventlon group. Other study fa_lctors were as- tal dat t sh Th
nary cytologists, respectively. Thirty-four percent ofS€ssed as confounders by evaluating whether thdpental sources (data not shown). The as-

the cases were of the squamous cell type, 18% wefaclusion into the multivariate model changed thesociations between serum-tocopherol
of the small-cell type, 13% were adenocarcinomasr,iSk estimates by more than 15%. Intervention ground lung cancer mortality, based on 883
and 35% were of other and indeterminant ce”typesas&gnment was evaluated with indicator variablegjeaths, were essentially the same as for

Locally reviewed pathology reports on postinterven 0" Supplémentation wit-tocopherol g-carotene, ancer risk (data not shown). To avoid

; ; ; -both, or none (reference). Effect modification was . . .
tion cases were available but were not included "gssessed by iE]CIusion o)f factors and their crosspOtentlal bias from the influence of pre-
the histologic subtype analyses.

. . . _ product terms in the model and by stratified analysi§linical cancer on baseline serum levels or
Data collection. General medical history, diet, gf study factors by tertile or medi)l/an split catego?liesdietal’y intake, we did separate analyses
smoking, and other background data—along with Hased on their distribution among the entire cohorthat excluded case patients diagnosed
fasting blood sample—were obtained from all sub validity of the proportional hazards assumptionagrly during foll be. ithi J h
jects at baseline. Blood samples were protected from -~ o e es-broduct term arly auring tollow-up (i.e., within the
light, divided into aliquots, and frozen and were ana Y 9 P (ﬁrst, second, or third years) and observed

; - log of follow-up time and the covariate of interest. . . .
Iy_ze_d 'spon after' collection (within 2 years), .thusA" reported P values (including tests for trend and no Changes in the risk estimates (data not
minimizing the risk of a-tocopherol degradation.

i interaction) are two-sided and were considered stShOWN).

Serum concentrations ai-tocopherol were deter- yicayy significant if less than .05. We evaluated the association between
2t one aboraton(18) and the betweenrun soeft. seruma-tocopherol and lung cancer ac-
cients of variability V\’/ere 2.2%-Tocopherol was REsuLTs \(;\(;rding to hi(SthIO?iC Suztyptez_gable 3)'
successfully measured for 29102 (99.9%) partici- € observed only modest diiferences.
pants. Theﬁietaryinformationwasg;theregﬁith the The analytical cohort comprisedOnly the more smoking-related cancers
use of a validated, self-administered food-use que29 102 men, including 1144 men diag{21)—i.e., squamous cell and small-cell
tionnaire given to all participants before the randomngsed with incident cases of lung cancecarcinomas—exhibited inverse associa-
ization proces¢19). Using a color picture bookletas agcertained during up to 10 years of foltions with a-tocopherol; only for squa-
?rgq?ﬂih Fc’jrgf'fs:;i rz]vstriinaf;:zd;gr{;zogztgs';L‘rsir‘]’gbw-up (median, 7.7 years). Serumto- mous cell carcinoma did the test for trend
the previous year for more than 270 common foodOPherol levels, after adjustment for seapproach statistical significancé (=
items and beverages. Of the entire cohort, 27 11ium cholesterol levels, ranged from 1.4 ta09).

(93.1%) men completed the questionnaire. Dietarsl 10.6 mg/L, with the median value being We evaluated modification of the as-
nutrient intake (includingx-tocopherol and all vita- 11.6 mg/L. a-Tocopherol concentrations sociation between baseline serumto-

min E compounds) was estimated through the use Qfjere statistically significantly correlatedcopherol and lung cancer by age, educa-
E’Sgigoizﬁt';gﬁ‘ﬁ: ;}’?:?g‘s df'OB“;;;‘Ssgaﬁi'gEz:vvith dietary a-tocopherol intake r( = tion, number of cigarettes smoked daily,
dose vitamin E supplementation was one of the ex._36) put not with age, years of cigaretteyears of.smqkmg,_ alcohol consumption,
clusion criteria of the main trial, we had only 2028 SMOKINg, number of cigarettes smokediietary vitamin C intake, serurf-caro-
men reporting taking some form of supplementadaily, alcohol consumption, or serumtene, serum retinol, and intervention as-
vitamin E at baseline, with the usual daily dose bef3-carotene or retinol concentrationssignment. We observed material interac-
ing 6.7 mg. A separate variable was created thagrange ofr values, —0.07 to 0.09). Thetions only with age, years of smoking, and
combined baseline dietary intake and self-reporteglemographic and smoking characteristicqossibly a-tocopherol intervention as-
S“gf"m‘?”tf" '”t""lke of ;'ttatm'p EI' | serum vitamins, and dietary intakes asignment (Table 4, A). There were statis-
perfoige'givitﬁrlﬁg z:of 20'3\,'\/::6 323;232dvkv§rﬁ]gaseline for IL_Jng cancer case p_atients artetally significant trends for men younger
SAS Institute, Inc. (Cary, NC). Cox regression modloncase subjects are shown in Table than 60 years and men who had smoked
els were used to estimate the association betwedaOmpared with noncase subjects, patienfswer than 40 years at study entry. The
serum and dietary-tocopherol and the incidence of were—on average—older; had smokedisk estimates regarding the fifth com-
lung cancer. All correlations were Spearman correfor a longer time; had lower serumto- pared with the first quintile of seruia-to-
lation coefficients. Dietary and serum variables werg;onherol 3-carotene, and retinol concen-copherol were reduced by 40% (among
log-transformed and evaluated both as continuoYg.arinng: and consumed a diet lower irmen <60 years old) and 50% among

redictors and as indicator variables defined b . . . . -
P ycalones, vitamins, and other micronutri-lighter smokers who smoked for fewer

quintiles on the basis of their distribution among the : . o
entire cohort, with the lowest quintile serving as the€Nts. Twelve percent of the case patienthian 40 years. An inverse association was
reference group. Dietaky-tocopherol and vitamin E and 10% of the noncase subjects reportesiso stronger and statistically significant
(four tocopherols and four tocotrienols, combinedusing vitamin E supplements prior to ran-among men who were in thetocopherol
were evaluated separately. An ordinal score valuglom assignment to an intervention. supplementation arm of the trial. The tests
Bzzgcié’?egig‘r“;d;‘g ‘(’J‘;"gis":t':;”segsgeqr“;g:irﬁls Baseline serunu-tocopherol, dietary for interaction were statistically signifi-
> P . &—tocopherol, and dietary vitamin E werecant only for age and for years of smok-
across quintiles. Serum-tocopherol was adjusted . . A . . . .
for serum cholesterol, and dietasytocopherol and inversely associated with lung cancer nskng. It shou_ld be borne in mind that, in
vitamin E were adjusted for calories. Calorie adjust{Table 2). We observed reductions in esthis population of older smokers, age and

ment for the dietary factors was performed by twotimated relative risk of 19% (95% confi- years of smoking are highly correlated
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Table 1.Median and interquartile range for baseline demographic characteristics, daily nutrient angupplementation (Table 4, B). The base-
alcohol intake, and cigarette smoking for the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Si¢y serum a-tocopherol concentration

of Finnish male smokers with and without lung cancer was not significantly related to lung can-

Case subjects* Control subjects* C€r risk among either the longer term
Characteristic (n = 1144) (n=27958)  smokers who received-tocopherol and
Age.y 60 (5663) 56 (53_61) men not given supplements aftqcoph-
A 4 smoki 18 (1620 10 (1791 erol (regardless of years of smoking). The
ge started smoking, y (16-20) (17-2) interaction betweenx-tocopherol group
No. of years of smoking 41 (37-45) 36(31-41)  and seruma-tocopherol was significant
Cigarettes/day 20 (17-25) 20 (15-25)  among the men who smoked for fewer
Body mass index, kg/&f 25.3(22.9-27.7) 26.0 (23.7-28.5) than 40 years, while the three-way inter-
Serum nutrients action was notR = .35)
a-Tocopherol, ¥ mg/L 11.4 (9.8-12.8) 11.6 (10.3-13.2)
p-Carotene g/l 162 (99-246) 172 (111-263) DISCUSSION
Retinol, p.g/L 556 (481-635) 578 (502-662) We found herol b
Alcohol, g/day 10.2 (1.7-24.8) 11.0(2.6-25.6) . Ve found seruma-tocopherol to be
£ ntake. keal 2635 (21593187 794 (2950326 inversely associated with lung cancer risk
nergy infake, kca (2159-3187) (2259-3264), 3 trial-based cohort of 29102 male
Dietary antioxidants§ i ; i ; i
Total vitamin A, ng 1678 (1059-2736) 1746 (1131_2866) S TOKETS N leagnd. Sw(;n:car |3yerse asso
vitamin C, mg 80.0 (58.5-108.2) 88.3 (64.6-118.9°1atIoNs were observed for dietaty-to-
Vitamin E, all forms, mg 9.9 (7.4-13.4) 10.8 (8.2-14.5) copherol and vitamin E intake. These re-
a-Tocopherol, mg{ 8.5(6.5-11.6) 9.2(7.0-12.5) |ationships persisted after we controlled
vy-Tocopherol, mg{ 4.7 (2.5-9.5)

58@0-111) {5 several potential confounders, includ-
*Median (interquartile range). ing age, smoking, alcohol consumption,
tBody mass index is defined as the weight in kilograms divided by the square of the height in metQF?.er d|etary factors, anﬁ'camtene and

$Seruma-tocopherol adjusted for cholesterol. a-tocopherol supplementation group. The
§Complete dietary information was available for only 27 111 participants in the cohort. inverse association between seranto-
- andy-tocopherol fractions account for approximately 93% of total vitamin E intake. copherol and lung cancer was apparent
only in younger men, in men with less
(r = .66): The younger age and lower cumulative tobacco exposure, and possi-
smoke-years categories represent some of bly in men who had received-tocopher-
the same men (e.g., 47% of men <55 ol supplementation during the trial.

years old smoked for <32 years).
On the basis of these findings we hy_TabIe 2.Adjusted relative risks (RRs)* and 95% confidence intervals (CIs) of lung cancer by quintile of

pothesized that older subjects andlopaselme serumx-tocopherol, dietary-tocopherol, arjd all forms of.dmftary vitamin E, Alpha-Tocopherol,
- . . Beta-Carotene Cancer Prevention Study of Finnish male smokers
those with a longer history of smoking

probably had a greater cumulative carci- No. of RR P for
nogenic exposure that required highefuintilet case patients Person-years (95% CI) trendt
levels of a-tocopherol for protection geme-tocopherol, mg/Ls

against lung cancer. Therefore, we ex- Qi:<10.0 301 42670 1.00 (referent)

plored whether the triak-tocopherol  Q2:10.0-11.0 201 39581 0.79 (0.66-0.93)
supplementation influenced the effect of Sif E;jgé ggf 35 igg g'gg Eg';i:é'g%

age and years of smoking on the relation- gs: >13.5 196 42922 0.81 (0.67-0.97) 09
ship between baseline seruwtocopher- Dietary a-tocopherol, mg

ol and lung cancer (Table 4, B). An in- Q1:<9.34 280 38113 1.00 (referent)

verse association was apparent among theQ2: 9.34-10.8 222 38973 0.90(0.75-1.07)
younger subjects given supplements of Sif ig-gii'g 128 gggég 8’;2 Eg'g‘ijgg;
a-tocopherol but not among older sub- s 5142 175 39852 0.80 (0.66-0.97) 02
jects. The test for interaction between th%ietary vitamin E, all forms, mgfl

a-tocopherol supplementation group and Q1:'<7.63 292 38104 1.00 (referent)

serum concentrations, however, was only Q2: 7.63-9.64 212 39004 0.83 (0.69-0.99)
suggesiive among men younger than 60 G595 119 A+ B

years, and the three-way interaction gg: 5157 175 39850 0.7 (0.64-0.93) o1
(group x serum level x age) was not sig

nificant (P = .30). *RR after adjustment for age, body mass index, years of smoking, cigarettes per day, energy (for dietary

Similar effect modification bya-to- «-tocopherol and all vitamin E forms), and intervention assignment.
copherol supplementation group was ap- TQuintile (Q) cut points are based on the distribution of log-transformed values of setaoopherol,

parent for years of smoking, with an in-dieitlgrlz/oort-:?:r?c’i): earrc:,b?scizéogar: \t/ri::msﬂtgtil'zstiigatlh;;r:;it:lr?g: CZ)rft-the coefficient of the scored quintile variable
verse aSSOCIat.Ion for baseline seru median value within each quintile). AP values are two-sided and are considered to be statistically
a-tocopherol being observed only among;gnisicant if <.05.

the shorter term smokers (i.e., <40 years) sseruma-tocopherol adjusted for cholesterol.

who received the triala-tocopherol  fComplete dietary information was available for only 27 111 participants in the cohort.
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Table 3.Adjusted relative risks (RRs)* and 95% confidence intervals (Cls) of lung cancer by quintile of baselinecsésaapherol
according to tumor histology, Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study of Finnish male smokers

Histotype
(No. of case patients)

RR (95% CI) by quintiles of baseline serumtocopherol,T mg/L

1.4-9.9

10.0-11.0

11.1-12.1

12.2-13.5

>13.5

trendf

Squamous cell carcinoma (388)§

Small-cell carcinoma (213)8
Adenocarcinoma (145)

1.00 (referent)
1.00 (referent)
1.00 (referent)

0.84 (0.62-1.13)
0.59 (0.38-0.90)
0.96 (0.58-1.58)

0.92 (0.69-1.23)
0.70 (0.47-1.06)
0.79 (0.46-1.34)

0.81 (0.59-1.20)
0.93 (0.63-1.36)
1.06 (0.64-1.73)

0.76 (0.55-1.04)
0.69 (0.45-1.05)
0.98 (0.59-1.63)

*RR after adjustment for age, body mass index, years of smoking, cigarettes per day, and intervention assignment.

tAdjusted for cholesterol.

1P for trends are based on the statistical significance of the coefficient of the scored quintile variable (median value within each quiRtilglual are
two-sided and are considered to be statistically significant if <.05.
§Differences in the distribution of histologic subtypes (smoking-related—i.e., squamous and small-cell—versus non-smoking-relatedied¢arciadma)
among serunx-tocopherol quintiles tested by chi—squarqap = .5.

Table 4.Adjusted relative risks (RRs)* and 95% confidence intervals (Cls) of lung cancer by quintile of baselinecsésaapherol,
Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study of Finnish male smokers

RR (95% ClI) by quintiles of baseline serumtocopherol,T mg/L

1.4-9.9

10.0-11.0

11.1-12.1

12.2-13.5

>13.5

P for
trendf

P interaction§

Age at baseline, y
<55
55-59
=60

No. of years of smoking
<32
32-40
>40

a-Tocopherol supplementation
with B-carotene
Yes
No

a-Tocopherol supplementation
without B-carotene
Yes
No

B-Carotene supplementation
Yes
No

A) Stratified according to age, number of years of smoking, and intervention assigment

1.00 (referent)
1.00 (referent)
1.00 (referent)

1.00 (referent)
1.00 (referent)
1.00 (referent)

1.00 (referent)
1.00 (referent)

1.00 (referent)
1.00 (referent)

1.00 (referent)
1.00 (referent)

0.66 (0.42—1.04)
0.81 (0.59-1.11)
0.84 (0.67-1.07)

0.50 (0.27-0.94)
0.71 (0.53-0.95)
0.92 (0.72-1.18)

0.72 (0.56-0.93)
0.87 (0.68-1.12)

0.83 (0.58-1.20)
0.85 (0.59-1.21)

0.75 (0.58-0.96)
0.84 (0.65-1.09)

0.74 (0.48-1.14)
0.73 (0.53-1.01)
1.05 (0.79-1.28)

0.62 (0.35-1.10)
0.75 (0.57—1.00)
1.08 (0.85-1.37)

0.76 (0.59-0.97)
1.06 (0.83-1.35)

0.91 (0.64-1.30)
0.83 (0.57-1.21)

0.91 (0.72-1.15)
0.87 (0.67-1.13)

0.71 (0.46-0.97)
0.85 (0.62-1.16)
1.01 (0.79-1.28)

0.46 (0.25-0.85)
0.79 (0.60-1.04)
1.11 (0.87-1.41)

0.77 (0.60-0.99)
1.06 (0.83-1.20)

0.78 (0.54-1.14)
1.05 (0.73-1.50)

0.90 (0.71-1.15)
0.91 (0.70-1.17)

0.61 (0.38-0.97)
0.61 (0.43-0.87)
1.03 (0.81-1.31)

0.48 (0.25-0.89)
0.72 (0.54-0.96)
0.97 (0.75-1.25)

0.71 (0.55-0.92)
0.93 (0.72-1.20)

0.63 (0.42-0.94)
1.05 (0.73-1.51)

0.81 (0.63-1.04)
0.82 (0.63-1.07)

B) Stratified by age at baseline and number of years of smoking accordingttmcopherol supplementation

Age at baseline, y, AT
<60
Yes
No
=60
Yes
No

Years smoked, ATY
<40
Yes
No
=40
Yes
No

1.00 (referent)
1.00 (referent)

1.00 (referent)
1.00 (referent)

1.00 (referent)
1.00 (referent)

1.00 (referent)
1.00 (referent)

0.68 (0.48-0.98)
0.84 (0.57-1.22)

0.77 (0.54-1.10)
0.91 (0.64-1.28)

0.54 (0.35-0.86)
0.73 (0.46-1.16)

0.83 (0.61-1.13)
0.95 (0.70-1.28)

0.61 (0.48-0.88)
0.89 (0.62—1.29)

0.91 (0.65-1.28)
1.20 (0.87-1.66)

0.68 (0.45-1.02)
0.83 (0.54-1.29)

0.80 (0.58-1.09)
1.17 (0.87-1.56)

0.67 (0.47-0.96)
0.96 (0.66—1.39)

0.87 (0.61-1.24)
1.15 (0.82-1.61)

0.59 (0.38-0.90)
0.70 (0.44-1.10)

0.88 (0.65-1.20)
1.27 (0.95-1.70)

0.47 (0.32-0.71)
0.79 (0.53-1.18)

1.00 (0.71-1.41)
1.06 (0.76-1.40)

0.44 (0.28-0.71)
0.89 (0.57-1.39)

0.84 (0.63-1.12)
0.94 (0.69-1.29)

.06

.53

.01

74

.02
.99

.03
48

.25
.21

.001

.93
A3

.001

48

.65

.006

.004

.15

12

.99

.09

.75

.02

.63

*RR after adjustment for age, body mass index, years of smoking, cigarettes per day, and intervention assignment.

tAdjustment for cholesterol.

1P for trends are based on the statistical significance of the coefficient of the score quintile variable (median value within each quitielu@dlare two-sided
and are considered to be statistically significant if <.05.
8P for interaction based on the statistical significance of the cross-product term added to multivariate models.
AT refers toa-tocopherol supplement group.

Journal of the National Cancer Institute, Vol. 91, No. 20, October 20, 1999

.09

.97

REPORTS 1741



Relatively few studies have examinedplained by the relatively narrow range ofhistology make a compelling argument
the association between dietary intake aserum a-tocopherol in our population, for smoking-related effects. These find-
blood levels ofa-tocopherol and lung which might be accounted for, in part, byings also highlight the need for further
cancer. In general, null or weak inverseghe propensity of cigarette smoke to restudies to evaluate broader populations
associations have been observed. Of stkuce a-tocopherol concentrations inthat include nonsmokers and younger and
prospective studies evaluating serum lewblood, presumably because of the higlolder adults and test whether similar as-
els of this substancé€7—12), only three uptake and turnover of antioxidants insociations exist among women.

(7-9) showed statistically significant in- smokers(23). Unfortunately, the serum  Our study is unique in its ability to
verse associations. Case—control studiesmlues are not directly comparable tcevaluate prospectivelyithin the same
have generally reported lower-tocoph- those from other similar cohort studiescohort the potential impact of both
erol levels among case patients thabecause the methods of biochemicathronic vitamin E status, as assessed by
among control subjects [reviewed inanalysis, duration of storage, and adjustseruma-tocopherol, dietaryx-tocopher-
(13)]. Data regarding modification of this ment for serum cholesterol all varied subol, and vitamin E, and a randomized, pla-
effect by smoking history are inconsis-stantially between studies. cebo-controlled test of daily-tocopherol
tent. Comstock et al;7) observed no dif- a-Tocopherol has been shown experisupplementation. We have previously re-
ferences in lung cancer risk associatethentally to inhibit carcinogen-inducedported(14)that the latter demonstrated no
with serum a-tocopherol concentrations DNA damagg(25),to modulate the redox effect on lung cancer incidence overall,
across smoking categories (i.e., nonsmolpotential of the cel(26), and to alter ex- although secondary analyses suggested
ers, former smokers, or current smokerspression of metabolic enzymes such athat participants having longer exposure
Consistent with our findings, Knekt et al.glutathioneS-transferase(27). Aside to a-tocopherol supplementation may
(10,22) found in another Finnish cohortfrom its antioxidant role in the preven-have accrued some marginal benefit (i.e.,
that a higher serum-tocopherol concen- tion of cancer, there is a growing bodya 10%—-15% reduction in incidence). The
tration was more protective among malef evidence suggesting thattocopherol present findings reinforce the importance
nonsmokers and younger subjects. exerts other effectsa-Tocopherol has of adequate vitamin E status to lung can-

Our investigation is unique amongbeen shown to regulate cell growth ancter risk, particularly among smokers. The
these reports and is strengthened by hadifferentiation, probably through its influ- fact that this beneficial relationship for
ing both biochemical and dietary mea-ence on several interconnected pathwaykigher pretriala-tocopherol status was
surements ofv-tocopherol collected pro- For example a-tocopherol is thought to observed primarily among those given
spectively and evaluated for nearly theblock prostaglandin and arachidonic acidupplements ofa-tocopherol (50 mg
entire cohort of more than 29000 menmetabolism(28), it inhibits protein kinase daily) suggests synergism between usual
Although we observed similar results forC activity (29), and it may affect expres- intake and the controlled intervention.
both indicators, it is not clear whethersion of hormones and growth factorsSuch a finding could be explained by
dietary and serum-tocopherol values are (30,31). The multiple functions ofx-to- higher pretrial levels representing those
interchangeable. Serum assessment é¢®pherol may allow it to inhibit tumori- subjects with more efficient absorption,
generally considered more accurate angenesis at various stages, from initiationometabolism, and ultimate bioavailability
biologically meaningful than dietary and promotion to progression and tumobof a-tocopherol. Alternatively, in the
estimates of the vitamin, in that it reflectsgrowth. presence of higher background vitamin E
the aggregate effects of intake (from both The stronger inverse association obstatus, supplementation may have pro-
diet and supplemental sources), absorgerved among younger men and men wheided the higher dosages possibly re-
tion, utilization, and other aspects of mesmoked for fewer years—presumablyquired for inhibition of carcinogenesis.
tabolism, including depletion of serumsubgroups with less cumulative exposur&Vhile it is tempting, based on the present
and tissue sources by oxidative stressots tobacco carcinogens—is intriguing.data, to speculate that the administration
such as cigarette smokin@3). Further- Higher a-tocopherol status might be pro-of greater quantities at-tocopherol (i.e.,
more, our use of prospectively collectedective only in such a lower risk setting. It>50 mg daily) might have produced a
samples minimized the possibility thatis also possible that higlx-tocopherol substantial reduction in lung cancer inci-
differences ina-tocopherol concentra- levels slowed the progression or growttdence in the ATBC Study, only future
tions were an artifactual consequence adf subclinical tumors among these substudies, and controlled trials in particular,
cancer. On the other hand, given the ongroups, such that their clinical manifestacan shed light on this question.
time measurement of serum concentratiotion and diagnosis were delayed beyond Our data are compatible with a benefi-
and possible diurnal—but not seasonahe period of observation. Alternatively,cial influence of higher vitamin E status
(24)—variation, dietary estimate providesthe interaction with age could be ex-on lung cancer development and indicate
an alternative indicator of chronic expo-plained by age-related changes in metab@ possibly stronger effect among persons
sure to the vitamin. lism and transport of-tocopherol; e.g., who have accumulated lower levels of

We did not observe a sequential doseactivity of lipoprotein lipase, an enzymelung carcinogens from chronic cigarette
response association of serurtocoph- that during lipolysis releasestocopherol smoking. Additional prospective studies
erol; instead, a threshold was seen bdrom the chylomicrons and transfers it toof vitamin E status and lung cancer that
tween the first and second quintile tissues, has been shown to decrease withiclude women and nonsmokers and that
suggesting that serum-tocopherol con- age(32—34).The limited age range of our assess the association across a spectrum
centrations greater than 10 mg/L wergopulation (50-69 years old), howeverpf lung cancer risk (e.g., especially age
sufficient for reducing lung cancer risk byand the possibly stronger association foand smoking exposures) will be particu-
about 20%. These results could be exthe tumors with more smoking-relatedlarly informative.
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