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or lycopene and prostate cancer risk, although suggestive, re-
Background: Some data, including our findings from the mains controversial.

Health Professionals Follow-Up Study (HPFS) from 1986  Several factors may contribute to the apparent inconsistencies
through January 31, 1992, suggest that frequent intake of in the literature. First, the consumption of lycopene may be too
tomato products or lycopene, a carotenoid from tomatoes, low for a benefit in some populations. Second, dietary question-
is associated with reduced risk of prostate cancer. Overall, naires may not have captured many potentially important con-
however, the data are inconclusive. We evaluated additional tributors of lycopene nor accounted for its bioavailability, which
data from the HPFS to determine if the association would varies profoundly for specific food itemg&0-22). Third, be-
persist. Methods: We ascertained prostate cancer casescause prostate cancer develops over many decades, a single di-
from 1986 through January 31, 1998, among 47365 HPFS etary measure may not necessarily adequately encompass the
participants who completed dietary questionnaires in relevant period of carcinogenesis. Furthermore, prostate cancers
1986, 1990, and 1994. We used pooled logistic regressiomre quite variable in regard to their aggressive potential, and
to compute multivariate relative risks (RR) and 95% possibly, lycopene may differentially influence more aggressive
confidence intervals (Cls). All statistical tests were two- versus less aggressive cancers. Finally, confounding factors con-
sided. Results:From 1986 through January 31, 1998, 2481 ceivably may have influenced relationships between lycopene
men in the study developed prostate cancer. Results for and prostate cancer risk in some studies. For example, Cohen et
the period from 1992 through 1998 confirmed our previous al. (18) have argued that tomato products or serum lycopene
findings—that frequent tomato or lycopene intake was levels may be markers for the intake of fruits and vegetables.
associated with a reduced risk of prostate cancer. Similarly, Also, tomato products may represent part of an eating pattern,
for the entire period of 1986 through 1998, using the such as a Mediterranean diet consumed in Southern European
cumulative average of the three dietary questionnaires, ly- populations.

copene intake was associated with reduced risk of prostate  In 1995, we reported an association between higher intake of
cancer (RR for high versus low quintiles = 0.84; 95% CI = |ycopene and tomato products and lower risk of prostate cancer
0.73 to 0.96;Pc,q = -003); intake of tomato sauce, the pri- from a prospective study of male health professioiig)s The

mary source of bioavailable lycopene, was associated with anfirst study report was based on a single dietary assessment with
even greater reduction in prostate cancer risk (RR for 2+ follow-up from 1986 through January 31, 1992, and on 773
servings/week versus <1 serving/month = 0.77; 95% CI = incident cases of prostate cancer. To address the issues raised
0.66 to 0.90;P.,q<.001), especially for extraprostatic can- above, we now report results based on multiple dietary assess-
cers (RR = 0.65; 95% CI = 0.42 to 0.99). These associationsments from 1986 to 1998 and on 2481 cases of prostate cancer.
persisted in analyses controlling for fruit and vegetable con-

sumption and for olive oil use (a marker for Mediterranean SUBJECTS AND METHODS

diet) and were observed separately in men of Southern
European or other Caucasian ancestry.Conclusion: Fre-
quent consumption of tomato products is associated with a
lower risk of prostate cancer. The magnitude of the associa-

The Study Population

The Health Professionals Follow-up Study (HPFS) is an on-
_ : ) _ going prospective cohort study of 51529 U.S. male dentists,
tion was moderate enough that it could be missed in a small 5o metrists, osteopaths, podiatrists, pharmacists, and veterinar-
study or one with substantial errors in measurement Or jans aged 40-75 years in 1986. At baseline, these men responded
based on a single dietary assessment. [J Natl Cancer Insty, 5 mailed questionnaire, which elicited information on age,
2002;94:391-8] marital status, height and weight, ancestry, medications, smok-
ing history, disease history, physical activity, and diet (described

Among the more than 600 carotenoids in plants, only abo@glow). To generate the physical activity score, we summed
14 are found in human tissuék). Tomato and tomato productsactivity-specific MET-hours/week for reported activities, using
contribute to nine of these 14 carotenoids and are the predoMET values based on a compendium of activities. One MET-
nant source of |ycopene, neurosporene, gamma-carotene, ﬂm}ur is the metabolic equivalent of Sitting at rest for 1 hour.
toene, and phytofluene. Because lycopene has potent antioxidant
properties(Z), studies h-ave evaluated its potential -antic-ancerAffiliations of authors:Channing Laboratory, Department of Medicine,
effgcts, .partICU|ar|y agamSt.prOSta.'te Can@): The ep|dem|o- righam and Women’s Hospital and Harvard Medical School, Boston, MA;
IOQIC eVIdenC.e basgd on dletary intake of |yCOpefne or ,tomaggpartments of Nutrition and Epidemiology, Harvard School of Public Health,
products or circulating lycopene level has been mixed; six stughston.
ies support a 30%—-40% reduction in prostate cancer risk ass@orrespondence tdEdward Giovannucci, M.D., Sc.D., Department of Nutri-
ciated with high intake$4—-9), three studies are consistent withtion, Harvard School of Public Health, 665 Huntington Ave., Boston, MA (e-
a similar reduction in risk10—12)but the results were not sta-mail: edward.giovannucci@channing.harvard.edu).
tistically significant, and seven studies do not support an asso2e€Notes” following “References.”
ciation (13-19).Thus, the association between tomato producgsOxford University Press
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Follow-up questionnaires sent to the entire cohort in 1988, 199@ires through 1998. When the participant (or next of kin for
1992, 1994, 1996, and 1998 ascertained new cases of a varggedents) reported a diagnosis of prostate cancer, we asked for
of diseases, including cancers, and updated exposure inforpermission to obtain hospital records and pathology reports to
tion. Most of the deaths in the cohort were reported by familyonfirm the diagnosis and obtain further details. Study physi-
members or by the postal system in response to the follow-tians used the information received from any procedures or tests
questionnaires. In addition, we used the National Death Indexdenducted during the initial diagnosis, including staging prosta-
ascertain fatalities among nonrespondents. Through the Varimcmy and bone scans, to stage the prostate cancer cases.
methods, we estimate ascertaining over 98% of the deaths in thissrom 1986 to the end of this study period (January 31, 1998),
cohort. This study received institutional approval by the Humagiter we excluded 55 cases of stage Tla cancers (incidental
Research Committee at the Harvard School of Public Healtfistologic cancer found in 5% or less of tissue resect2g)), we
Completion of the self-administered questionnaire was consigbcumented 2481 cases of prostate cancer. The stage T1a lesions
ered to imply informed consent. were excluded because these are relatively innocuous and are
especially prone to detection bias. Because stage Tla cancers
encompass only 2% of the total cases, the influence of this
We used a semiquantitative food-frequency questionnaire@xclusion on the results was minimal. We documented the end-
assess diet [described in detail[®8)]. The 1986 questionnaire point with the use of medical records and pathology reports for
contained a list of 131 food and beverage items. For each it&9% of the 2481 cases; for the majority of the remainder, men
listed, a commonly used unit or portion size was specified, apgovided information regarding the basis of diagnosis and sub-
participants were asked how often, on average, over the psgguent treatment; 2.6% of the case patients could not be recon-
year, they consumed that amount of each food. Participatsted or refused to provide further information.
chose from among nine possible responses for frequencies,
which ranged from never to six or more times per day. We al§mta Analysis
queried about the brand of breakfast cereal; the duration, fre-

quency, and brand of multivitamin and individual vitamin Before we conducted any analyses, we excluded men who
supplement use; and the types of fat commonly used in cookipgported cancer at baseline (other than nonmelanoma skin can-
frying, and at the table. The dietary questionnaire also includg r). We also excluded men (3%) who did not adequately com-
an open-ended section for unlisted foods. A similar dietary quesiate the dietary questionnaire (70 or more items left blank or
tionnaire was administered to the cohort in 1990 and in 1994eported intake of more than 17 600 joules [4200 kcal] or less
We computed nutrient intakes by multiplying the consumgnan 3350 joules [800 kcal] per day). The remaining 47 365
tion frequency of each unit of food by the nutrient content of thearticipants were followed from the month of return of the base-
specified portions, using composition values from U.S. Depafine questionnaire to the month of diagnosis of prostate cancer,
ment of Agriculture (USDA) sources supplemented with othghe month of death from other causes, or the end of the study
da_ta. We updated our nutrient datat_)ase for carotenoid Va"p‘)%?iod (January 31, 1998). The major endpoint for analysis was
using the USDA-National Cancer Insitute datab@#g25).We any new diagnosis of prostate cancer (excluding stage Tla tu-
recently updated the carotenoid content of tomato-based fqggys) in the cohort up to January 31, 1998. We also considered
products with values from the USDA, which were derived frorgs separate groups for analyses organ-confined prostate cancer
reversed-phase high-performance liquid chromatogra@y. ang cancers extending locally into other organs and metastatic
These updates have substantially increased the estimated lyg@sase (including fatal cancers during the follow-up period).
pene intake in our population from previous reports, but the The major dietary exposures we considered were total lyco-
ranking of individuals has not been altered apprecighb)yFood pene intake, tomato sauce intake, and an empirical lycopene
contributors to lycopene in our 1986 questionnaire include tgioavailability score. This score weighs lycopene-containing
matoes, tomato sauce, tomato juice, pizza, watermelon, and pigins differentially on the basis of coefficients from a stepwise
grapefruit. Questionnaires in 1990 and 1994 have also congiflzar regression model using lycopene-containing foods from
ered salsa, picante or taco sauce, {:md ketch_up or red chili saysg-food frequency questionnaire to predict plasma lycopene
In 1986, we evaluated the validity of nutrient and food coneyels (29). We used the sample of 121 cohort members who
sumption measured by the questionnaire among a sample of }¢dvided blood samples to compute the coefficients. This score,
cohort members from the Boston ar@3,26). The mean corre- jn part, accounts for differential bioavailability of lycopene
lation coefficients between intakes determined by two 1-wegkyoss items. We adjusted nutrient values for total energy intake
diet records and the dietary questionnaire (adjusting for wegksing a regression analy<{80). For tomato sauce and the ly-
to-week var|at_|pn in the diet records) were 0.65 for nutrients a'?:_@pene score, we adjusted for energy intake by including caloric
0.63 for specific foods. The correlation between computed Gitake in multivariate models.
etary intake of lycopene and plasma concentration of lycopenewe calculated the incidence of prostate cancer among study
(adjusted for age, body mass index [BMI], plasma cholesterglaiicipants for each quintile of lycopene intake or empirical
and plasma triglycerides) was 0.487). Among specific food |ycopene score intake by dividing the number of incident cases
items, tomato sauce had the strongest correlation 0.37).  py the number of person-years in that quintile. The relative risk
Identification of Cases of Prostate Cancer (RR) for each of the upper four quintiles of intake was computed
as the rate among men in each of the upper quintiles divided by
On each of the follow-up questionnaires that were mailde rate among men in the lowest quintile of intake. Similar
every 2 years, we asked the participant whether he had hadnalyses were conducted for tomato sauce, on the basis of pre-
diagnosis of prostate cancer during the previous 2 years. Wpecified categories of intake. We used the Mantel-Haenszel
response rate averaged 94% for biennial follow-up questiosummary estimator to adjust for age (across 5-year categories).

The Semiquantitative Food-Frequency Questionnaire
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We used pooled logistic regression models for failure-time dat@a period, using an independent dietary questionnaire and inde-
(31) to control for multiple variables simultaneouslyegfoot- pendent follow-up data.

note to tables for covariates adjusted for) and to compute 95%

confidence intervals (Cls). These models have been shownRESULTS

closely approximate models based on the Cox patrtial likelihood .
function as long as the disease is rare within successive (2-ydaf§oPene Intake and Risk of Prostate Cancer: Updated
questionnaire cycle$31,32). We conducted tests for trends\Nalysis

across categories controlling for multiple covariates by model- We previously reporte(s) that lycopene intake in 1986 was

ing the m_edian Va'“?s ofquintiles or_cat_egories of dietary intalé sociated with a reduced risk of prostate cancer from 1986
as a continuous variable in the multivariate model. All report

. ; ough 1992 (RR for high versus low quintile of intake0.79;
P values are two-sided. All analyses were conducted using S _ _
release 6.12 (SAS Institute, Inc., Cary, NC). % Cl = 0.64 10 0.99P;crg = -04). In the new analyses from

X 92 to 1998, based on the cumulative average updated dietary
For analyses based on the entire 1986 through January " :
1998, follow-up period, we used the data from the multipl. opene, we found similar results for lycopene intake (RR for

> . om0 -
dietary questionnaires in three ways. First, baseline (1986) @l(gg.vpe reus iowogl;mwi ct); gr]]ta;:m(?fesd ?r? eA) ecr:1|ti:e 2';%\}\2[1 D
posure was used without updating to maximize the influence r?gric;d tE]?r”gm 1%386.through 1998) (Table 1). We found little

a longer induction periqd between _dietary intake_a_nd period &idence of an association between chopene. intake and reduced
nsk'. Second, we used smple upgjatmg, charactgnzmg the' PETI of prostate cancer using only the baseline (1986) question-
of risk by use of the pr_OX|maI_ prior questionnaire to maximizge; o However, we found statistically significant associations
recent mfluence_s of d'.Gt.‘ T_h”dv_W? used cumulative averagliveen lycopene intake and reduced risk of prostate cancer
updated analysis to minimize within-person random varlatl(w en using the simple or the cumulative updated assessment
and to compute the best assessment of average long-term in@}% '

X ; ) ; fen examining extreme deciles rather than quintiles, the as-
based on all the available questionna)@s). In this approach., s?afiation between lycopene intake and risk of prostate cancer

we used the 1986 intakes between 1986 and 1990; the si . - -
: ! S slightly stronger (RR for cumulative average intak®.78;
average of the 1986 and the 1990 intakes to prospectively prgg % C? = y0.65 tg 0.‘34). Results for the age—gdjusted analyses

outcomes between 1990 and 1994; and the simple average o fe essentially identical to those based on the full multivariate

1986, 1990, and 1994 intakes to prospectively predict outco i oo
between 1994 and 1998, rT}ﬁfﬁdel, thus, we present only the multivariate RRs.

For the February 1992 through January 31, 1998, follow-ygfluence of Bioavailability of Lycopene
period, we used cumulative updating including the 1986 ques-
tionnaire to provide the best estimate of long-term intake of We found that people who have a high tomato sauce intake,
lycopene and tomato sauce. In an additional analysis, we us$ke strongest predictor of plasma lycopene, were at reduced risk
only the 1990 questionnaire and the February 1992 throughprostate cancer from 1992 through January 31, 1998 (cumu-
January 1998 follow-up period to examine whether we couldtive average updated RR for 2+ servings/week versus <1 serv-
replicate the initial findings, which were based on the 1986g/month = 0.79; 95% Cl= 0.64 to 0.97P,cng<-001). In a
dietary assessment and the 1986 through January 1992 folleeparate analysis, we used the 1990 questionnaire on dietary

Table 1.Relative risk (RR) of prostate cancer and 95% confidence intervals (Cl) among members of the Health Professionals Follow-up
Study, free of cancer at baseline and followed for 12 years (1986—-1998)

Lycopene intake (quintiles)*

Q1 Q2 Q3 Q4 Q5 Pirendl

Baselinet

Person years 102 567 103 746 103134 103 141 102 613

Cases 511 486 498 507 479

RR§ 1.0 1.01 1.02 1.02 0.94 .39

Cl 0.89t0 1.15 0.90t0 1.16 0.90t0 1.16 0.83t01.08
Simple updated+

Person years 102 257 103 395 102 334 103 109 104 106

Cases 562 495 479 492 453

RRS§ 1.0 0.96 0.91 0.96 0.84 .02

Cl 0.85t0 1.09 0.81t01.03 0.84t01.08 0.7410 0.96
Cumulative average updatedt

Person years 101 736 103521 103 864 103 416 102 665

Cases 523 519 504 497 438

RR§ 1.0 1.03 0.99 0.97 0.84 .003

Cl 0.91to 1.17 0.87t0 1.12 0.86t0 1.11 0.73t00.96

*The median values of lycopene intake for quintiles 1-5 in 1986 were 3415, 6156, 8663, 12 198, and 18 780 micrograms/day.

TP for trend is based on Wald statistic and is two-sided.

fBaseline used 1986 diet questionnaire only; simple updated used most recent questionnaire (1986, 1990, 1994) only; cumulative average updated used the aver
of all the diet questionnaires available to that point in the follow-up period.

8RR adjusted for age (5-year categories), time period, ancestry, body mass index at age 21, and intakes of total energy, calcium, phospleorigriinctos
D, vitamin E, total fat, andx-linolenic acid.
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intake to examine the risk of prostate cancer between 1992 amj we found similar patterns, most notably with a marked re-
1998 to assess whether using entirely independent exposure dunction in risk of metastatic cancers (RR cumulative average
follow-up data from our previous report confirmed the earliaupdated for 2+ servings/week versus <1 serving/monti.34;
results. The relative risk and confidence intervals (RR0.80; 95% Cl = 0.13 to 0.90{Pyeng = -01; n = 95 cases).

95% CI = 0.64 to 1.00;P;eng = -02) were similar to those )

previously reported5). For the entire 1986 through January 31Confounding Factors

1998, follow-up, we found statistically significant inverse asso-
ciations using the baseline, simple updated, and cumulative up . : ;
dated analyses (Table 2). For the baseline analysis, only the cerin th|s' populqtlon because th'ese may be confounders
category (2+ servings per week) was statistically significant ( ctors a_ssomated_wnh the _fact_or of interest t.haF are indepen-
— 0.75: 95% Cl = 0.64 to 0.88), whereas for the update&’e”t predictors of risk). Multivariate analyses indicated no ap-

analyses, a benefit was apparent even for one serving per wh iable confounding between lycopene or tomato sauce intake

(RR = 0.80; 95% Cl = 0.70 to 0.91). Using the empirical &" prostate cancer risk. Other variables, including body mass

lycopene score, which is heavily weighted toward tomato saué'@zdex (weight divided by height squared), aspirin use, marital

we found results similar to those for tomato sauce intake (RR f3us: ancestry, geographic region of residence, level of physi-

the highest versus the lowest quintite 0.76; 95% Cl= 0.60 cal activity, vasectomy, smoking habits, and alcohol use also
{0 0.96; P, g <.001) T ' were not confounders.
" 1tren " "

We also considered whether the association with tomato in-
take was not direct but rather from tomato intake being part of
o ) or a surrogate for a beneficial Mediterranean dietary pattern. We

~ The association between tomato sauce intake and redugeq examined whether a reduced risk of prostate cancer oc-
risk of prostate cancer was weak, if present at all, for menyrred only in men of Southern European ancestry. Although an
diagnosed when younger than 65 years of age (RR cumulatiye,ciation was seen between tomato sauce intake and reduced
average updated for 2+ servings/week versus <1 serving/mopik of prostate cancer among men of Southern European ances-
= 0.89; 95% Cl= 0.67 10 1.17Pyenq = -20; n = 807 cases) yry 4 similar association was also observed among men of other
and strong for men diagnosed when 65 years or older (RR caycasian ancestry (Table 4). Individual analysis of the other
0.69; 95% Cl= 0.56 t0 0.84Pyenq = -001; n= 1674 cases). groups (Scandinavian ancestry, Asian Americans, African
However, among men over 65 years of age, the associati®fhericans, and others) was not possible because of small
between tomato sauce intake and reduced risk of prostate caRggfple sizes. In addition, we also controlled for olive oil as
did not strengthen with increasing age. “usual type of cooking oil” to examine further whether tomato
sauce was part of the Mediterranean dietary pattern and found
that the association between tomato sauce intake and reduced

We found similarly sized reductions in risk for organ{prostate cancer risk did not change (Table 4). Moreover, using
confined prostate cancer, cancers that had progressed locklbtor analysis we could not identify any dietary pattern with
into the adjacent organs or further, and cancers that were métanato sauce as an important component that was more strongly
static at diagnosis or fatal by the end of follow-up (Table 3). Irelated to prostate cancer risk than was tomato sauce alone. In
analyses limited to the 1992 through January 31, 1998, followedition, we controlled for total fruit and vegetable consumption

We controlled for dietary variables related to risk of prostate

Age at Diagnosis

Stage of Disease

Table 2.Relative risk (RR) of prostate cancer and 95% confidence intervals (Cl) among members of the Health Professionals Follow-up
Study, free of cancer at baseline and followed for 12 years (1986—1998)

Tomato sauce intake (servings)

<1/month 1-3/month 1/week =2/week Pyend
Baselinet
Person years 97 305 189 415 159 337 69 144
Cases 653 973 632 223
RR% 1.0 0.92 0.94 0.75 <.001
Cl 0.83t0 1.02 0.84 to0 1.05 0.64t00.88
Simple updatedt
Person years 91612 187 205 162 194 74 189
Cases 601 1014 611 255
RR% 1.0 0.99 0.89 0.84 .01
Cl 0.90to0 1.10 0.79 to 1.00 0.72t0 0.99
Cumulative average updatedt
Person years 68 264 207 495 153532 85910
Cases 437 1182 567 295
RR¥ 1.0 0.96 0.80 0.77 <.001
Cl 0.85t0 1.07 0.70t0 0.91 0.66 to 0.90

*P for trend is based on Wald statistic and is two-sided.

TtBaseline used 1986 diet questionnaire only; simple updated used most recent questionnaire (1986, 1990, 1994) only; cumulative average updated used the aver
of all the diet questionnaires available to that point in the follow-up period.

IRR adjusted for age (5-year categories), time period, ancestry, body mass index at age 21, and intakes of total energy, calcium, phospleorigriinctos
D, vitamin E, total fat, andx-linolenic acid.
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Table 3.Relative risk (RR) of prostate cancer and 95% confidence intervals (Cl) among members of the Health Professionals Follow-up

Study, free of cancer at baseline and followed for 12 years (1986—1998)

Tomato sauce intake (servings)*

<1/month 1-3/month 1/week =2/week Pyendl
Person years 68 264 207 495 153 532 85910
Organ-confined#
Cases 237 630 277 176
RR§ 1.0 0.86 0.63 0.72 <.001
Cl 0.74t0 1.0 0.53t00.76 0.591t00.89
Advancedt
Cases 72 174 74 34
RR§ 1.0 0.99 0.77 0.65 .02
Cl 0.75t01.31 0.55t01.08 0.42t00.99
Metastatict
Cases 59 141 53 25
RR§ 1.0 1.06 0.77 0.64 .03
Cl 0.78t0 1.44 0.52to 1.12 0.39to0 1.05

*Tomato sauce intake based on cumulative average updated, which used the average of all the diet questionnaires available to that point uptperiotiow-
TP for trend is based on Wald statistic and is two-sided.
FOrgan-confined are cancers with no evidence of extraprostatic involvement at time of diagnosis; advanced cancers are those with involvement of adjacent orga
or metastatic; metastatic cancers include all fatal cancers by 1998, as well as those with pelvic lymph node or distant metastasis.
8RR adjusted for age (5-year categories), time period, ancestry, body mass index at age 21, and intakes of total energy, calcium, phospleorigriinctos

D, vitamin E, total fat, andx-linolenic acid.

Table 4.Relative risk (RR) of prostate cancer and 95% confidence intervals (Cl) among members of the Health Professionals Follow-up

Study, free of cancer at baseline and followed for 12 years (1986—1998)

Tomato sauce intake (servings)*

<1/month 1-3/month 1/week =2/week Pyend
Southern European ancestry (528 cases)
RRt 1.0 1.14 0.91 0.66 .002
Cl 0.87to01.49 0.68101.23 0.47t00.93
Other Caucasian ancestry (1474 cases)
RR¥ 1.0 0.90 0.77 0.79 .005
Cl 0.78t01.03 0.65t00.91 0.651t00.98
Controlling for olive oil preference (2481 cases)
RR§ 1.0 0.96 0.80 0.77 <.001
Cl 0.85t0 1.07 0.70t0 0.91 0.66 t0 0.91
Controlling for fruit and vegetable intake (2481 cases)
RR| 1.0 0.96 0.80 0.78 <.001
Cl 0.86t0 1.07 0.70t0 0.92 0.66 t0 0.91

*Tomato sauce intake based on cumulative average updated, which used the average of all the diet questionnaires available to that point irptperioliow-
TP for trend is based on Wald statistic and is two-sided.
fRR adjusted for age (5-year categories), time period, ancestry, body mass index at age 21, and intakes of total energy, calcium, phospleoritgrfrinctos

D, vitamin E, total fat, andx-linolenic acid.

8RR controlled for all covariates (age [5-year categories], time period, ancestry, body mass index at age 21, and intakes of total energy, calcium, phosphoru
fructose, vitamin D, vitamin E, total fat, anglinolenic acid) and additionally for use of olive oil as typical oil for cooking.
IRR controlled for all covariates (age [5-year categories], time period, ancestry, body mass index at age 21, and intakes of total energy, cgbhonws,pho
fructose, vitamin D, vitamin E, total fat, angtlinolenic acid) and additionally for total fruit and vegetable intake (quintiles).

in our multivariate model and found the effect of tomato saua# men had had a PSA test by 1998, compared with 68.4% for
unchanged (Table 4). Total fruit and vegetable consumption, fasquent consumers. In addition, the inverse association between
in our earlier follow-up, was unrelated to the risk of prostatomato sauce intake and prostate cancer risk persisted in an
analysis based on a follow-up from 1994 to 1998 that was re-
stricted to men who had a recent PSA test before baseline
(within 2 years of 1994; RR 2+ servings/week versus <1 serving/
In recent years, although screening for prostate-specific anenth = 0.85; 95% Cl= 0.60 to 1.19P,q = .05; n = 646
tigen (PSA) has become widespread in the United States, itmen with prostate cancer). Among the men without a baseline
unlikely to have influenced our results because frequency BSA test (n= 359 with prostate cancer), the RR for high versus
PSA screening did not vary by frequency of tomato sauce cdow tomato sauce intake was 0.79 (95%€10.45 t0 1.40P;enqg
sumption. Among infrequent consumers of tomato sauce, 67.9%.06). Thus, similar associations were seen between tomato

cancer Pyeng = -15).
Detection Bias
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sauce intake and reduced prostate cancer risk in men screenesbibrupdating dietary information, we would have missed the
unscreened at baseline before follow-up for elevated PSA. association with total lycopene intake and with more moderate

consumption of tomato sauce (one serving per week). Even with
DiscussIoN our updated dietary measures, the inherent difficulty of measur-
ing lycopene indicates that, if this association is causal, the

tween lycopene and tomato sauce intake and a reduced risﬁnglgn'tUde of the b?”ef't may be even stropg_er than observed
prostate cancer in the HPFS. The initial observation was ba@&fausg a substantlal propgrtlon .Of the variation in plasma ly-
on 773 case patients from 1986 to 1992; we then analyzed 249Pene is unexplained by dietary intafZs).
case patients from 1986 to 1998. Our findings were highly un- 1 ne studies that have examined tomato product or lycopene
likely to result from chance because similar associations wef@ke or circulating lycopene levels in relation to prostate can-
observed regarding tomato sauce intake and reduced riskC8Ff sk can be summarized as follows: Those that support a
prostate cancer for independent time periods using differefigtistically significant inverse associati¢h-9); those consis-
questionnaires. Recall bias is unlikely in a prospective stud§nt with an approximately 30% reduction in risk but that were
PSA screening use was uniform across levels of tomato saiéé statistically significan{10-12);and those that are nonsup-
intake, and restricting analysis to men who had PSA tests did m@rtive (13-19).In at least three of the nonsupportive studies
change the results. Thus, appreciable detection bias probably(@id15,19)intake of tomato products or sources of bioavailable
not occur. lycopene may have been too low to be informative. In addition,
Although uncontrolled confounding by unaccounted facto®s British study(14) showed an inverse association with baked
or by imprecise measurement of assessed factors cannot beb&ans, leading the authors to speculate that the tomato paste in
tirely excluded, several factors argue strongly against the possanned baked beans, a good source of bioavailable lycopene,
bility that this materially influenced our results. Multivariatgmay have accounted for this association. The results from an
analyses vyielded results similar to those from age-adjustedditional study(44)were equivocal, showing a statistically sig-
analyses. Tomato sauce was a relatively small component of ttigcant inverse association with tomato consumption but not
diet and was not strongly associated with other dietary and lifeith lycopene intake.
style factors. For example, current smoking status (9.6% of in- The largest blood-based stu@) was a nested case—control
frequent tomato sauce consumers versus 8.6% of frequent cetdy using frozen samples collected from 14916 male physi-
sumers), average alcohol intake (10.1 g/day versus 11.9 g/dajyans in 1982. Over 13 years of follow-up, 578 prostate cancer
body mass index (25.5 kgfversus 25.7 kg/R), leisure time cases were ascertained, including 259 classified as “aggressive”
physical activity (19.3 MET-hours/week versus 21.8 METen the basis of high grade or advanced stage. A low risk of
hours/week), and total saturated fat intake (24.9 g/day verquestate cancer was observed, particularly for aggressive pros-
22.7 g/day) differed only slightly between infrequent and fraate cancer (RR of high versus low quintile of plasma lycopene
gquent consumers of tomato sauce. Also, when we controlled fer 0.56; 95% Cl= 0.34 to 0.92). By contrast, in the serum-
total vegetable and fruit intake, the findings with tomato sautmsed study by Nomura et é1.5), no association was observed
were unaltered. Associations between tomato sauce and redusettveen baseline serum lycopene concentration and prostate
risk of prostate cancer were observed both for men of Southeancer risk. Two factors may have contributed to these null
European ancestry and of other Caucasian ancestry and whemegelts. First, a single assessment of serum lycopene was used to
controlled for olive oil use as a marker of a Mediterraneacharacterize follow-up for a period of up to 22 years (only 14
dietary pattern. cases occurred within the first 5 years of follow-up). In the
Our findings support a role for tomato-based products HPFS, results were stronger with updated than with baseline
decreasing the risk of prostate cancer and may help explain sdgw®pene intake, suggesting that recent intake is more important
of the apparent inconsistencies in the literature. The magnitutian remote intake. Also, the serum lycopene levels were quite
of the association is moderate and could easily be missed ifoa—the median serum concentration among controls was only
small study. For bioavailable lycopene, measurement errorli34 ng/mL, compared with 424 ng/mL in the HPFS san{ple
likely to be substantial in many studies. In studies that haamd 388 ng/mL in the Physicians’ Health Stu(8). The low
compared dietary lycopene intake with circulating lev@2— levels may reflect very low levels of bioavailable lycopene con-
43), correlations have generally been about 0.2. In our cohostymed in that population by participants in the study by Nomura
we reported26) the highest published correlation between diet al (15). Three recently published nonsupportive case—control
etary and circulating lycopene & 0.46). In our study, the item studies (16—18) conducted in North America, where tomato
tomato sauce captures most of the bioavailable lycopene. Toeduct intake is generally high, apparently had reasonably com-
mato sauce is an ideal source of lycopene because it is highlghensive assessments of tomato product intakes, but how well
concentrated in this carotenoid, the thermal processing disrughtese captured true variation of lycopene levels was not as-
lycopene from binding matrices, and the oil base makes thessed. As discussed above, because dietary questionnaires do
highly lipophilic lycopene available to micelles necessary farot always capture true variation in the lycopene status in a
intestinal absorption. given population, null studies should be interpreted cautiously.
In addition to the large study size and accounting for bio- One of these studies, conducted in Seattle, merits particular
availability, the repeated measurement of diet was critical @aonsideration(18). In that study, a suggestive inverse associa-
determining the association between lycopene intake and riskioh was observed for cooked tomatoes (RR [adjusted for co-
prostate cancer. Although baseline lycopene intake alone wasiates] for=3 versus <1 serving per week 0.73; 95% Cl=
inversely related to risk of prostate cancer in the subsequé8 to 1.10;P,.nq = -13). However, this inverse association
6-year interval, the association was not statistically significamtas attenuated when additionally controlled for intake of total
when extended to the total 1986 to 1998 follow-up period. Witliruits or vegetables (RR= 0.90), leading Cohen et a(18) to

We have confirmed an earlier reportés) association be-

396 ARTICLES Journal of the National Cancer Institute, Vol. 94, No. 5, March 6, 2002



argue that in previous studies, tomato products or serum lyc) Gann PH, Ma J, Giovannucci E, Willett W, Sacks FM, Hennekens CH, et
pene levels may have been confounded by consumption of total @l- Lower prostate cancer risk in men with elevated plasma lycopene levels:
fruits and vegetables. In the current HPES study, fruit and vea- results of a prospective analysis. Cancer Res 1999;59:1225-30.

etable consumption did not confound the results. Moreover, togﬂ) Lu QY, Hung JC, Heber D, Go VL, Reuter VE, Cordon-Cardo C, et al.

fruit and table intake h I th lated t Inverse associations between plasma lycopene and other carotenoids and
rurt and vegetable intake has generally not been related to pros- prostate cancer. Cancer Epidemiol Biomarkers Prev 2001;10:749-56.

tate cancer risk nor to lycopene ley@lr,36,43)so itis unlikely (10 Hsing Aw, Comstock GW, Abbey H, Polk BF. Serologic precursors of
to be a major confounder. The case—control st(iB) was re- cancer. Retinol, carotenoids, and tocopherol and risk of prostate cancer. J
stricted to men under the age of 65. Interestingly, we did not Natl Cancer Inst 1990;82:941-6.

observe a substantial association between lycopene intake @apSchuman LM, Mandel JS, Radke A, Seal U, Halberg F. Some selected
prostate cancer risk in men under the age of 65 years in the fefattures of the epidemiology of prostatic cancer: Minneapolis-St. Paql,
HPFS, based on 805 cases. Possibly, prostate cancers presentinallnnesota case-control study, 1976-1979. In Magnus K, editor. Trends in

; Cancer incidence: causes and practical implications. Washington (DC):
at an early age may represent an accelerated process of carci Hemisphere Publishing, 1982, p. 34554,

nogenesis influenced more by genetic or endernous factors ﬁ%’ Norrish AE, Jackson RT, Sharpe SJ, Skeaff CM. Prostate cancer and di-
perhaps by other exogenous factors. etary carotenoids. Am J Epidemiol 2000;151:119-23.

Overall, data suggest that the intake of tomatoes and tomatg) Le Marchand L, Hankin JH, Kolonel LN, Wilkens LR. Vegetable and fruit
products is associated with a decreased risk of prostate cancer.consumption in relation to prostate cancer risk in Hawaii: a reevaluation of
This benefit may be related to the antioxidant properties of ly- the effect of dietary beta-carotene. Am J Epidemiol 1991;133:215-9.
copene, but other potential mechanisms and other beneficial g Key TJ, Silcocks PB, Davey GK, Appleby PN, Bishop DT. A case-control
mato-based components instead of or combined with chopene study of diet and prostate cancer. Br J Cancer 1997;76:678—.87. .
cannot be exclude(zﬂS). Of note, the survival of rats with pros- (15) Nomura AM, Stemmermann GN, Lee J, Craft NE. Serum micronutrients

. . and prostate cancer in Japanese Americans in Hawaii. Cancer Epidemiol
tate cancer induced b-methylN-nitrosurea and testosterone Biomarkers Prev 1997:6:487-91.

was increased slightly by lycopene supplementatlon. (17% 'ﬁB) Hayes RB, Ziegler RG, Gridley G, Swanson C, Greenberg RS, Swanson
creaseP = .16) but more so by tomato powder (39% increase; G, et al. Dietary factors and risks for prostate cancer among blacks and
P = .0056) (46). Because current evidence is not definitive,  whites in the United States. Cancer Epidemiol Biomarkers Prev 1999;8:
other lines of evidence are needed to provide confirmatory in- 25-34.

formation. A long-term large randomized trial with prostate carl7) Kolonel LN, Hankin JH, Whittemore AS, Wu AH, Gallagher RP, Wilkens
cer as the endpoint would be most informative, but short-term LR. et al. Vegetables, fruits, legumes and prostate cancer: a multi-
trials using endpoints such as prostate cancer recurrence or in- s;hsn'gozase_comm' study. Cancer Epidemiol Biomarkers Prev 2000;9:
termediate endpqlnts may _be mor_e feasible. On_the bQSIS of &%5 Cohen JH, Kristal AR, Stanford JL. Fruit and vegetable intakes and pros-
results, future epidemiologic studies, to be maximally informa- * (4te cancer risk. J Natl Cancer Inst 2000:92:61-8.

tive, should examine populations with relatively high intakes @f9) schuurman AG, Goldbohm RA, Dorant E, van den Brandt PA. Vegetable
tomato products, be sufficiently large to evaluate moderate rela- and fruit consumption and prostate cancer risk: a cohort study in the Neth-
tive risks, have a comprehensive assessment of major lycopeneérlands. Cancer Epidemiol Biomarkers Prev 1998;7:673-80.
sources, account for bioavailability of chopene, account fé@O) Stahl W, Sies H. Uptake of lycopene and its geometrical isomers is greater

temporal patterns (as a single dietary or blood assessment, par-flrg:;zhlezaztfgfg:lejed than from unprocessed tomato juice in humans. J Nutr

ticularly in studies _Wlth Iong follow-up periods, may be Ir"adZ21) Tonucci LH, Holden JM, Beecher GR, Khachik F, Davis CS, Mulokozi G.

equate), and examine a wide range of age groups. Carotenoid content of thermally processed tomato-based food products. J
From the available data, we suggest that increased consump- Agric Food Chem 1995;43:579-86.

tion of tomato and tomato-based products may be prudent; s@&h Gértner C, Stahl W, Sies H. Lycopene is more bioavailable from tomato

a recommendation is consistent with current health guidelines to Paste than from fresh tomatoes. Am J Clin Nutr 1997,66:116-22.

increase fruit and vegetable consumption. Efficacy and Safety(a?) Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett

- - WC. R ducibility and validity of ded self-administered i-
pills containing only lycopene, however, would need to be spe- ~eprocucihiity and vailcily of an expanced sef-acdministersa sem
quantitative food frequency questionnaire among male health professionals.

cifically evaluated. Am J Epidemiol 1992:135:1114—26.
(24) Chug-Ahuja JK, Holden JM, Forman MR, Mangels AR, Beecher GR,
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