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a carotenoid consumed largely from tomatoes, have raised in-
The epidemiologic literature in the English language regard- terest in the tomato as a food with potential anticancer properties
ing intake of tomatoes and tomato-based products and blood (8). Higher consumption of tomatoes is in fact compatible with
lycopene (a compound derived predominantly from toma- current general recommendations aimed at increasing intake of
toes) level in relation to the risk of various cancers was re- fruits and vegetables. Nonetheless, whether unique benefits de-
viewed. Among 72 studies identified, 57 reported inverse rive from tomatoes is important to establish because tomatoes,
associations between tomato intake or blood lycopene levelare used in many processed items that are not necessarily idef-
and the risk of cancer at a defined anatomic site; 35 of these tified with fruit or vegetable consumption. These items include
inverse associations were statistically significant. No study tomato and spaghetti sauce, tomato soup, salsa, ketchup, a§d
indicated that higher tomato consumption or blood lycopene tomato paste. Moreover, many of these processed foods are bé-
level statistically significantly increased the risk of cancer at ter sources of bioavailable lycopene than are fresh tomatoe$
any of the investigated sites. About half of the relative risks (9-11). =
for comparisons of high with low intakes or levels for toma- This review examines the epidemiologic evidence regardingz
toes or lycopene were approximately 0.6 or lower. The evi- consumption of tomato and related products with the risk of§
dence for a benefit was strongest for cancers of the prostate, cancer at various body sites. The main purposes of this revie\@_
lung, and stomach. Data were also suggestive of a benefit forare to assess the evidence for benefits by specific cancer site ard
cancers of the pancreas, colon and rectum, esophagus, orako consider the strengths and limitations of the studies that hel
cavity, breast, and cervix. Because the data are from obser- indicate whether observed associations are causal. Criteria con-
vational studies, a cause—effect relationship cannot be estab-sidered include the strength of any associations, consistency
lished definitively. However, the consistency of the results results by study design (case—control or cohort), method of exs
across numerous studies in diverse populations, for case—posure assessment (questionnaire or biomarker), the factors cog-
control and prospective studies, and for dietary-based and trolled for by matching or through data analysis, and the potens
blood-based investigations argues against bias or confound-tial for residual or uncontrolled confounding. The potentially &
ing as the explanation for these findings. Lycopene may ac- beneficial constituents of tomatoes and the implications for cur<
count for or contribute to these benefits, but this possibility rent dietary recommendations are then discussed.
is not yet proven and requires further study. Numerous

other potentially beneficial compounds are present in toma- REVIEW OF EPIDEMIOLOGIC STUDIES

toes, and, conceivably, complex interactions among multiple Al hyman studies reported in the English language of toma-
components may contribute to the anticancer properties of 4eg or lycopene in relation to the risk of any cancer were con=
tomatoes. The consistently lower risk of cancer for a variety gjjered. These studies were found in the MEDLINE® or CAN-©
of anatomic sites that is associated with higher consumption cER||T® databases and in several extensive revieans), or 2
of tomatoes and tomato-based products adds further sup- they were referenced in the identified studies. Because tomatB
port for current dietary recommendations to increase fruit  jniake or blood lycopene level was frequently one of numerouss
and vegetable consumption. [J Natl Cancer Inst 1999;91: gietary factors examined, epidemiologic reports that had fruitsZ
317-31] vegetables, or carotenoids as key words were scrutinized fog
results regarding tomato or lycopene. Two general types of stud%

Nutritional factors are widely believed to be critical in cardesigns have been used to examine lycopene and tomato prot-
cinogenesig1,2). Overwhelming evidence from epidemiologicucts in relation to risk of cancer. One study design has been
studies indicates that diets high in fruits and vegetables are B8sed on a dietary questionnaire, used either to assess tomato
sociated with a lower risk of numerous cancé3s5). Dietary Products directly or to infer lycopene consumption; the other
recommendations to increase intake of citrus fruits, cruciferof!dy design has been based on measuring levels of carotenoids
vegetables, green and yellow vegetables, and fruits and véystored blood samples. Studies were summarized by type of
etables high in vitamins A and C to lower cancer risk have been
made by several Organizations’ inCIUding the National ResearcRffiliations of author: Channing Laboratory, Department of Medicine
Council of t.he National Acaqlemy of Suenc(—él_s, the National Brigham and Women'’s Hospital and Harvard Médical School, and Departménts
Cancer Institutg6), the American Cancer SOCB(_Q’?)’ and_ the of Nutrition and Epidemiology, Harvard School of Public Health, Boston, MA.
World Cancer Research Fund and the American Institute focorrespondence t&dward Giovannucci, M.D., Sc.D., Channing Laboratory,
Cancer Researcb). However, uncertainty exists concerningsl Longwood Ave., Boston, MA 02115 (e-mail: edward.giovannucci@
which components account for this benefit. channing.harvard.edu).

Until recently, the health aspects of tomatoes had receivedeeNotes” following “References.”
relatively little attention. The antioxidant properties of lycopene, Oxford University Press
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design, years conducted, country, number of cases, main expleura or peritoneum) was identifig@1). Overall, a 40% re-
sure assessment, relative risk (RR) witlvalues (two-sided) or duction in risk was noted for those consuming tomato or tomato
confidence intervals (CIs), and covariates controlled for huice 16 or more times a month versus nonconsumers. Only
matching or in analyses. The summarized RR is that for tie7% of control subjects reported not consuming tomatoes or
cancer rate in the highest intake of tomatoes or level of lycopetognato juice as opposed to 9% of case subjects, suggesting non-
divided by the rate in the lowest intake or plasma level. loonsumers of tomato products to be at relatively high risk for
case—control studies, the odds ratio was used to estimate the RBsothelioma.

ToTtaL CANCER StomAcH CANCER

Only one study has reported on tomato intake in relation to aAjthough becoming relatively uncommon in most economi-
total cancer risk. In this prospective study by Colditz e(#2), cally developed countries, stomach or gastric cancer remains one
based on 42 cancer deaths among 1271 elderly persons, igflithe major causes of cancer death in the world. Twelve case—
viduals who were in the top half of tomato consumption had@ntrol studies from a variety of populations, including the
lower risk of all cancers combined compared with those in thgnited States [New YorK32), Louisiana(33), and Hawaiian
bottom half (RR= 0.5; 95% CI= 0.3-0.8). Other items, in- Japanesd34)], Japan(35), Israel (36), Italy (37-39), Spain
cluding green and yellow vegetables and strawberries, were 8459’41),p0|and(42), Belgium (43), and Sweder(44) have re- 9
associated with a decreased risk of total cancer. Carrots fmﬁlted data on tomato or lycopene intake and stomach cancé
squash were unrelated to risk. There were too few cancersik (Table 2). Inverse associations between tomato consumptiofi
allow examination of specific cancer sites. and risk of gastric cancer were observed in all these divers@
populations except for Spai@0,41)and Japarf35). A sugges- 3
tive, but not statistically significant, inverse association was ob-3

One of the cancer sites for which a benefit of fruits angerved in a study conducted in Belgiu3), but this study =
vegetables has been most apparent is for cancers of thé3ungpopulation had a very low consumption of tomatoes. An eco-Z
the leading cause of cancer death worldwide. Initial findings lddgic study in Japaf45) that examined plasma levels of various §
investigators to focus ofa-carotene and provided the impetus tawutrients in samples of populations in various regions found that
examine supplement@l-carotene in relation to the risk of lungregions high in plasma lycopene had the lowest gastric cance%—
cancer in intervention trials. Unfortunately, the results from sevates and regions low in lycopene had the highest rates. Whilg
eral trials either have been inconclusii#8) or have even indi- other fruits and vegetables have frequently been inversely asser
cated that smokers randomly assigned to reciearotene are ciated with gastric cancer, inverse associations with tomatoes
at higher risk for lung cancei14,15). have been among the most consistent and stror§g§és89,44).

LuNG AND PLEURAL CANCERS

"y

shows that several fruit and vegetable groups, including leafgncer were identified, the consistent inverse association ol
green and yellow/orange vegetables, are associated with a log@ved in diverse populations strongly suggests a protective ef2
risk of lung cance(3). Fourteen studie€16—29)have reported fect of tomato or lycopene consumption on gastric cancer.
specifically on tomato or lycopene consumption in relation tg

lung cancer risk; of these, 107,18,20—24,26—-28uggest either COLORECTAL CANCER

a statistically significant or a suggestive inverse association

(Table 1). These studies, mostly case—control in design gene Cancers of the colorectum are common in economically de§
ally adjusted for smoking history, the most important potenti éloped areas. Five studi¢s7,46-50)ave reported on tomato o

e A ntake in relation to colorectal cancer risk (Table 3). One studyﬁ
confounder for lung cancer. An additional sw(80) indicated in,the United State@16) reported statistically significant inverse 8

that higher p_rediagnostic dietary intake of tomatoes (recall_%%s ciations between tomato consumption and colon cancer ri
after diagnosis) among lung cancer case subjects was associgled. " L4 women. A study in Belgiugd8) found no overall

with better survival from lung cancer (Table 1). One st(@g) association but did find a suggestion of an inverse associatiop

found an inverse association between tomato irltake and.qugfween consumption of tomato puree and colon cancer riske

mous cell and S_m?‘”'ce” !un_g_ cancer bUt. not with other h'Stq" e consumption of tomato products was low in this population,‘f;

!og|c types. Statistically S|_gn|f|cant _assouatmns were observg d the contrast was ever versus never consumption; the impagt

n m“.'“p'e l.J.S_._popu.Iauons, Ch'”"f" .and Spain, and otk higher intakes could not be assessed. Case—control studies in

statistically S|gn|f|car_1t inverse associations were noted in tmedly (37,50)and China(49) reported about a 60% reduction in

U'}X’Clzggvzzghf: Q:jsl'lrgilari]g.Hawaii by Le Marchand et @i7) risk of both colon and rectal cancers associated with higher
y y té)fmato consumption. In a rodent modeldmethylnitrosourea-

found tomat.o intake related to a substantially reduced risk iNduced colonic aberrant crypt foci, lycopene and lutein, but not
lung cancer; however, the same case—control dataset analyze

several years later for lycopene intaké8) indicated only a -carotene, in relatively small doses demonstrated efficacy

modest inverse association between lycopene intake and Il?rgngt this premalignant lesi¢h1).

cancer riSk that was not Statistica”y Signiﬁcant. In th|S pOpUI@RAL/LARYNGEAL /PHARYNGEAL CANCER

tion, tomatoes accounted for only 29% of the reported lycopene

intake. The conflicting results for tomato and lycopene intakes Only three case—control studi€52—-54) have reported on

suggest that the benefit of tomatoes is related to compouridmato intake in relation to oral cancers (Table 3). One study in

other than lycopene or that lycopene from non-tomato source€igina (52) reported that high consumption of tomatoes was

not readily bioavailable. related to approximately half the risk of oral cancer. A similar
Only one study that reported on mesothelioma (cancer of tfieding was observed between tomato consumption and cancers

EVSc/LLEIV/

6z Uyso

318 REVIEW Journal of the National Cancer Institute, Vol. 91, No. 4, February 17, 1999



Table 1. Summary of epidemiologic studies examining tomato intake or lycopene intake or level and cancers of the lung and pleura

First author, No. of
year of publication Years of case Relative risk*
(reference No.) Place of study  study Type of study subjects Exposure (95% confidence interval) Adjusted factors
Kvale, 1983(22)  Norway, 1964-1978 Cohort 168 Tomato intake, 0.87,P = .48 (total) Age, smoking
United 6-13 vs. <1/mo  0.54,P = .07 (squamous status, region,
States cell and small-cell) urban/rural
Fraser, 199119) California, 1977-1982 Cohort 61 Tomato intakey  1.24 (0.51-2.99) Age, sex, smoking
Seventh-day vs. <3/wk P=.79 status
Adventists
Bond, 1987(23) Texas 1940-1980 Case—control 308 Tomato intake, 0.42 (0.14-1.33) Age, race, smoking
1/day vs. <1/mo P for trend = .05 status, educa-
tional level,
vitamin
supplement
Le Marchand, Hawaii 1983-1985 Case—control 230 Tomatoest 0.43,P = .0023 Age, ethnicity,
1989(17), 1029 Quintle 5vs. 1 0.27,P<.001¢? smoking status, g
1993(16) Lycopene intake 0.67,P = .07 & pack-years, §
Quintle5vs. 1 0.77,P = .83 ¢ cholesterol intake o
Q
Harris, 1991(18) U.K. 1979-1981 Case—control *i3) Tomato intake, 0.69,P = .11 Age, smoking §
>29.1vs. <1 status =
g/day g
Knekt, 1991(21)  Finland 1966-1986 Cohort 117 Lycopene intake, 684 + 850 (mean + Age =
g, mean standard deviation) case 3
subjects >
718 + 895 (mean + S
standard deviation) &
control subjects 3
o
Candelora, 1992  Florida 1987-? Case—control 1249 Lycopene 0.6 (0.3-1.2) Age, educational 2
(27) (nonsmokers) Quartile 4 vs. 1 P =.13 level, total 2
Tomatoes 0.7 (0.4-1.0) calories, limited %
Quartile 4vs. 1 to nonsmokers =
Forman, 1992 China 1985-1986 Case—control 183 Tomatoes 0.42 (0.19-0.96) Age, educational QQ\,'
(24) Quartile 4vs.1 P = .04 level, body mass (E;
index, smoking o
status, income ©
Goodman, 1992  Hawaii 1979-1985 Prognosis 4633 Tomatoest 0.77,P<.0148 Age at diagnosis, 3
(30) (death) 2129 Quartle 4vs. 1 05P = .1492 stage, histology, 3
Prediagnostic diet body mass index, g
smoking status 5
©
Steinmetz, 1993 lowa 1986-1990 Cohort 138 Lycopene-rich food 1.21 (0.69-2.10) Age, energy, N
(25) intake, =5 vs. P = .53 smoking status g
<1/wk Q@
c
Mayne, 1994(20) New York 1982-1985 Case—control 413 Tomato and tomat6.80, NS& Age, cigarette icg,
State products 0.76, NS¢ smoking status, e
Quartile 4vs. 1  0.79,P<.103 and? religion, N
educational level, ‘;
body mass index, &
income [
Muscat, 1996 New York 1985-1993 Case—control 94 Tomato/tomato 0.6 (0.2-1.9) Age, educational N
(31) (mesothelioma) juice intake,>16 level, religion, N
vs. 0/mo occupation
Agudo, 1997(28) Spain 1989-1992 Case—control 193  Tomatoes 0.45 (0.22-0.91) Age, smoking
High vs. low tertile P = .026 status, total
pack-years
Comstock, 1997  Maryland 1989-1991 Cohort 258 Serum lycopene 1.01,P for trend = .97 Age, race, sex, date
(29) Quintile 5 vs. 1 of blood
donation,
smoking status
Li, 1997 (26) United States Case—control 93 Plasma lycopene  0.37,P = .01 Age, sex, race
(non-small Tertile 3 vs. 1 African-Americans:
cell) 0.12,P = .001

*Relative risk and 95% confidence interval®wvalue (two-sided) for the exposure comparison indicated; in some cases, measures other than the relative risk were
given. NS = not significant.

tTomatoes accounted for only 29% of total lycopene.

FFor squamous cell cancer only.
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Table 2. Summary of epidemiologic studies examining tomato intake or lycopene intake or level and cancer of the stomach

First author,

year of publication Years of Type of No. of Relative risk* Adjusted
(reference No.) Place of study  study study case subjects Exposure (95% confidence interval) factors
Haenszel, 1972 Hawaiian 1963-1969 Case— 223 Tomato intake, 0.39,P<.05, all Age, sex
(34) Japanese control =11 vs. <4/mo 0.31,P<.08, Issei
0.49, NS, Nisei
Modan, 1981(36) Israel 1967-1969 Case— 406 Tomato intake, 0.55, P for trend <.0001 Age, sex, ethnic
control daily vs. never origin
Correa, 198533)  Louisiana 1979-1983 Case— 391 Tomatoes, “high vs. 0.82 (0.53-1.28), whites Age, sex, race,
control low” intake 0.56 (0.34-0.90), blacks educational level,
income, tobacco
smoking status,
alcohol intake
Tajima, 1985(35) Japan 1981-1983 Case— 93 Tomatoes 1.24, NS Age, sex
control Tertile 3 vs. 1
Franceschi, 1994 Italy (Milan) 1985-1991 Case— 723 Tomatoes 0.43 (0.33-0.55) Age, sex, study w)
(37) control Quartile 4 vs. 1 center, 2
La Vecchia, 1987 educational level, g
(38) alcohol intake, 8
tobacco smoking Q
status, calories =
o
Buiatti, 1989(39)  Northern Italy =~ 1985-1987 Case— 1016 Tomatoes 0.70, P for trend <.001 Age, sex 3
control Tertile 3vs. 1 =
O
Graham, 1990 New York 1975-1985 Case— 293 (1818) Tomatoes Decreasing risk Age, sex, 2
(32) control Statistically significant for neighborhood g
& only §
Boeing, 1991(42) Poland 1986-1990 Case— 741 Tomatoes 0.77,P for trend = .03 Age, sex, 3
control Tertile 3 vs. 1 occupation, o
educational level, &
residence ®
[]
Gonzalez, 1991 Spain 1987-1989 Case— 354 Tomatoes 0.9 (0.5-1.5) Age, total calories, 3
(41) control Quartile 4 vs. 1 other food items E
Ram, 1993(40) Spain 1986-1989 Case— 177 Tomatoes 1.03, NS Age, sex §
control Tertile 3 vs. 1 5
Tsugane, 1992 Japan 1985-1989  Ecologic Plasma lycopene Regions high in lycopenAge %
(45) have lowest gastric =
cancer rates; low )
lycopene areas have 3
highest cancer rates N
N
Tuyns, 1992(43) Belgium 1979-1982 Case— 449 Cooked tomato 0.12,P = .50 Age, sex, province, 3
control intake, >0 vs. 0 other vegetables N
Raw tomato intake, 0.74,P = .08 o
>10 vs. 0 g/wk ;
c
Hansson, 1993 Sweden 1989-1992 Case— 456 Adolescence, 0.36 (0.23-0.58) Age, sex, o
(44) control >3 vs. 0/mo P<.0001 socioeconomic °
20y prior 0.72 (0.47-1.11) status i)
>15 vs. <2/mo P =.015 ©
Z
*Relative risk and 95% confidence interval Brvalue (two-sided) for exposure comparison indicated; in some cases, measures other than the relative risk L‘gxere
given. NS = not significant. o
o
N

of the oral cavity and pharynx in Ital§s4). A study of tomato risk associated with high tomato consumption in men. A serum

consumption and laryngeal cancer in Ch{68) did not find an bank-based study by Nomura et é.7) reported that case pa-

association.

EsopHAGEAL CANCER

Esophageal cancers have received little study regarding 1015 404

matoes and lycopene (Table 3). One study in If&5), which
has extremely high rates of esophageal cancer particularlyPANcREATIC CANCER
men, found a 39% statistically significant reduction in risk for

tients with oral, laryngeal, or esophageal cancers had a 5% lower
mean prediagnostic serum lycopene level than control subjects
that was not statistically significant; however, on the basis of
only 28 case patients with esophageal cancer, case patients had

lower lycopene leveP(= .08).

men who consumed tomatoes frequently, but no relationship wasFour studieg58—61)have examined tomato or lycopene sta-
apparent for women. The only other diet-based study reported in relation to risk of pancreatic cancer; all of these studies
for this cancer, conducted in the United State6), reported a support an inverse association (Table 3). Two studi:61)
30% nonstatistically significant reduction in esophageal canaeported an inverse association but did not provide estimates of
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Table 3. Summary of epidemiologic studies examining tomato intake or lycopene intake or level and cancers of the digestive tract

(excluding stomach)*

First author, No. of
year of publication  Place of Years of Type of case Relative riskf Adjusted
(reference No.) study study study subjects Exposure (95% confidence interval) factors
Colorectal cancer
Tuyns, 198848)  Belgium 1978-1982  Case—control 453 C Tomato intake, >0  1.15,P = .31C Age, sex, province
(colon, rectal) 365 R vs. 0 g/wk 1.03,P = .84R
Tomato puree 0.78,P = .12C
intake, >0 vs. 0 0.93,P = 93R
g/wk
Freudenheim, New York  1978-1986 Case—control 2773 Tomatoes SS decreased risk Age
1990 (46) State (rectal) 1459 SS decreased risk
Hu, 1991(49) China 1985-1988  Case—control 111 C 1966 diet 0.40 (0.17-0.94) G Univariate
(colon, rectal) 225R (>15 kgly)
1985 diet (>15kgly) 0.26 (0.12-0.55) @
d rectal 1966 0.40 (0.17-0.94) B
>20 kgly NS R?
Centonze, 1994 Southern 1987-1989  Case—control 132 Pizza, high vs. low  0.89 (0.51-1.53) Age, sex, educational
47) Italy (colorectal) intake P = .66 level, smoking status,
modification of diet
in past
Franceschi, 1994  Northern 1985-1991  Case—control 955C Tomatoes 0.39(0.31-0.49) C Age, sex, study center,
(37) Italy (colon, rectal) 629 R Quartile 4 vs. 1 0.42 (0.32-0.55) R educational level,
Franceschi, 1997 calories, alcohol
(50) intake, smoking status
Oral cancers
Franceschi, 1991  Northern 1985-7? Case—control 2663 Fresh tomatoes 0.5,P<.01 Age, sex, occupation,
(54) Italy (oral and 3692 Tertile 3 vs. 1 smoking status,
pharynx) alcohol intake, other
significant foods
Zheng, 199253) China 1988-1990  Case—control 17738 Tomatoes 1.2,P = 4543 Age, educational level,
(larynx) 249 Tertile 3 vs. 1 1.1(0.4-3.1R smoking status
Zheng, 199352) China 1989 Case—control 404 Tomato intake, 0.49 (0.26-0.94) Age, tobacco smoking
(oral) =1/day vs. status, alcohol intake,
<3/wk dentition, body mass
index, energy,
educational level, sex
Esophageal and laryngeal cancers
Cook-Mozaffari, Iran 1975-1976  Case—control 2178 Raw tomato intake,  0.61 (0.43-0.86)% Age, region
1979(55) (esophagus) 1279 =1/wk vs. <1/mo  1.08 (0.69-1.67)
Brown, 1988(56) South 1982-1984  Case—control 20738 Tomatoes, highvs.  0.70 (0.4-1.4) Age, cigarette smoking
Carolina (esophagus) low intake status, alcohol intake
Nomura, 1997 Hawaii 1971-1991  Cohort 69 Serum lycopene Case subjects 19.1 +1.4 Age, smoking history
(57) (esophagus (mean) (mean * standard (detailed), alcohol
and larynx) error) intake
Control subjects
21.1+1.0 (mean =
standard error)
pP=.27
Pancreatic cancer
Mills, 1988 (58) Seventh-day 1976-1983  Cohort (fatal) 50 Tomatoes Inverse association (na) Age
Adventists
Burney, 198959)  Maryland 1975-1986  Cohort 22 Serum lycopene  0.16 (0.04-0.57) Age, sex, race, hours
High vs. lowest 2 P for trend <.02 since last meal,
tertiles smoking status,
educational level
Baghurst, 1991 Australia 1984-1987  Case—control 104 Tomatoes Inverse tRen@d5, 3 Age
(61) only
Bueno de The 1984-1988  Case—control 164 Tomatoes 0.23,P<.05 Age, sex, smoking
Mesquita, 1991 Netherlands Quintile 5vs. 1 status, energy
(60)

*C = colon; R = rectum.

TRelative risk and 95% confidence intervalPvalue (two-sided) for the exposure comparison indicated; in some cases, measures other than the relative risk were

given. SS= statistically significant; NS= not significant; na= P value not available.
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RR. The two that reported the magnitude of the RR found abd®R of 0.56 (95% Cl= 0.34-0.91) when comparing high quin-

a fourfold to fivefold risk elevation among low consumers ofile with low quintile of plasma lycopene.

tomatoeg60) or among those with low levels of serum lycopene A serum-based study conducted during the period from 1971
collected prospectively in a case—control study nested withirtteough 1993 in a Japanese-American population in Ha{wa)i
cohort(59). Although the serum-based stu¢BP) involved only did not detect any association between serum lycopene levels
22 case patients, the results were statistically signifidaai02), and risk of prostate cancer. However, several characteristics of
and no association was seen with total carotenoi@iscarotene. the study may have contributed to the lack of an association,
It is unlikely that low lycopene levels were the result of théncluding use of a single assessment of serum lycopene to char-
cancer because the relationship was apparent in cancers déagerize follow-up for up to a 22-year period (only 14 cases
nosed 9-12 years after collection of the blood and pancreaticcurred within the first 5 years of follow-up), inclusion of “low
cancers are rapidly progressive and thus have a short lateinilence” disease (28% were diagnosed incidentally during sur-
period. Also suggestive of a specific effect of lycopene amomggry for benign prostatic hyperplasia), and very low serum ly-
carotenoids, the dietary-based study by Bueno de Mesquita etabene levels [the median serum concentration among control
(60) did not find a benefit of carrots, a major sourcefetaro- subjects was only 134 ng/mL, compared with 320 ng/mL in the

tene andx-carotene. study by Hsing et al(69) and 424 ng/mL in the sample of 121
health professionalg4)]. Ethnic differences in prostate cancer
PROSTATE CANCER etiology may also be important, inasmuch as men of Asian deg

; I~ 2
Four cohort studieg62—65)report data on the relationshipscem may have an inherently low susceptibility to prostate canz

between tomato or lycopene consumption and prostate canceér
risk (Table 4). In a cohort of 14 000 Seventh-day Adventist mdALADDER CANCER

(62), only tomato intake and intake of beans, lentils, and peas gy reports of tomato or lycopene consumpt{@@—74)or

were statistically significantly related to lower prostate cancggrum lycopené75) and risk of bladder cancer were identified
risk in a multivariate analysis3-Carotene-rich foods were un-(Taple 4). None of these studies found statistically significants
related to risk. In a larger, more comprehensive dietary stugsociations with risk of bladder cancer, although tendencies fof
(64), intake of the carotenoidB-carotene a-carotene, Iutein, jnverse associations were noted. Results from the sole serunf-
and B-cryptoxanthin was not associated with risk of prostatgsgeq study75) were suggestive of an inverse trend (RR0.5; )
cancer, but high lycopene intake was related to a statisticaysor trend = .06). However, that study was based on only 35§
significant 21% reduption in risk. High intake of tomatoes anghge subjects. Unpublished data from a prospective cohort stud

tomato products, which accounted for 82% of lycopene, reducgd maje health professionals do not indicate any associatio(g
risk of total prostate cancer by 35% and aggressive prostgig&ween consumption of tomato-based products or lycopene arid
cancer by 53%. Tomato sauce had the strongest inverse agpadder cancer (251 cases). A strong inverse association betweén
ciation with prostate cancer risk (RR 0.66; 95% Cl= 0.49— tomato-based product intake and risk of prostate cancer was
0.90;P for trend = .001), and weaker inverse associations Wefgnd in the same coho(64). In a rat model of urinary super-
observed with tomatoes and pizza, but none with tomato juiggsja| pladder cancer induced by nitrosamines, lycopene demons

Preliminary results from two other cohort studigs,65)also  strated modest anticancer propertes).
support this finding.

One case—control study conducted in Minnes@®) found DREAST CANCER g
an inverse association between tomato intake and risk of prostaté-or breast cancer, a common cause of cancer in Wester
cancer that was not statistically significant. In another caseeuntries, an overall benefit of fruits and vegetables is suggested
control study conducted in a multiethnic population in Hawabut is not as clearly apparent as for several other cancer site@g
(67),no association was found with consumption of “tomatoes(3,4). Considering the importance of this disease, relatively few‘é’—
However, the intake levels were not indicated, and it did netudies have examined its relationship to tomato or chopene:)
appear that tomato-based products such as tomato sauce \weadke (Table 5). Dietary-based studi@&—80)do not support N
specifically addressed. A case—control study conducted in the association between tomato intake and risk of breast cancez,
U.K. (68) found no association between raw or cooked tomatoakhough relatively few studies have reported on this. Howeverg
and risk of prostate cancer. Of note, the strongest dietary assbfour studies(81-84) based on biomarkers (blood level or
ciation found in that study was for baked beans (RR0.52; breast adipose level) of lycopene, thrél,82,84)support a =
95% CI = 0.31-0.88); the authors suggest that tinned bakéeénefit, two of which were statistically significa(®1,82).The
beans may provide highly bioavailable lycopene from the temall study(81) based on adipose levels of carotenoids in breast
mato sauce. tissue from case and control subjects did find statistically sig-

Three studie$69—71)have examined serum carotenoids usiificantly lower concentrations of lycopene among case sub-
ing prediagnostic samples in relation to prostate cancer risk. Tjkets, although an impact of the cancer on tissue lycopene levels
first study (69), which was based on serum obtained in 197dannot be excluded. Of note, breast adipose tissue lycopene was
from 25802 persons in Washington County, MD, found a 6.2%eakly correlated with lycopene intake estimated by a food-
lower median lycopene level in prostate cancer case subjeftejuency questionnaire in that study € .17). It is possible
diagnosed during 13 years compared with age- and radkat a low correlation between reported intake and tissue level,
matched control subjects. The estimated RR was 0.50 (95%wziether due to measurement or biologic reasons, could account
= 0.20-1.29) between high and low quartiles of lycopene. Nor the generally null results from dietary studies for breast
other carotenoid was associated with prostate cancer risk. Rr@acer. Lycopene also has been shown to have antiproliferative
liminary results from the Physicians’ Health Stu¢0), which effects against breast cancer cells in cult(88), and tomato
was based on 581 case subjects, found a statistically significateoresin-treated rats developed fewer 7,12-dimethyl-
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Table 4. Summary of epidemiologic studies examining tomato intake or lycopene intake or level and cancer of the genitourinary tract

First author, No. of
year of publication  Place of Years of Type of case Relative risk* Adjusted
(reference No.) study study study subjects Exposure (95% confidence interval) factors
Prostate cancer
Schuman, 1982 Minnesota  1976-1979  Case—control 223 Tomatoes, high v€0.70, NS Age
(66) low intake
Mills, 1989 (62) California 1974-1982  Cohort 180 Tomato intakeb 0.60 (0.37-0.97) Age, educational level,
Seventh- vs. <1/wk P =.02 consumption of
day meat, poultry, fish,
Adventists beans, legumes,
peas, citrus fruit,
nuts, or fruits
Hsing, 1990(69) Maryland 1974-1985 Cohort 103 Serum lycopene  0.50 (0.20-1.29) Age, smoking status,
Quartile 4 vs. 1 P = .26 race, educational
level, hours since
last meal o
Le Marchand, Hawaii 1970-1983  Case—control 452 Lycopene 0.9P = .35,<70y Age, ethnicity g
1991(67) Quartile 4 vs. 1 1.1,P = .57,=70y g
Giovannucci, United 1986-1992  Cohort 773 Dietary 0.65 (0.44-0.95) Age, total energy, a
1995(64) States tomato-based pP=.01 ancestry, vasectomy, 3
products, >10 vs. animal fat, retinol 3
<1.5 servings/wk 3
Tomato sauce 0.66 (0.49-0.90) =
intake, 2—4 vs. P = .001 3
0/wk ;D:'
Baldwin, 1997 California 1995 Cohort “Consistently high 0.59,P = .03 — 8
(abstract)(65) retrospective tomato e
consumption” ;,
Key, 1997(68) U.K. 1989-1992  Case—control 328 Dietary lycopene 0.99 (0.68-1.45) Age, social class g
intake, =718 png P = .88 ©
vs. <402pg 8
Raw tomato intake, 1.06 (0.55-1.62) 2
=5/wk vs. P = .88 3
<3/mo &
Cooked tomato 0.92 (0.57-1.42) =
intake, =2/wk P = .64 3
vs. <1/mo <L
Nomura, 1997 Hawaii 1971-1993  Cohort 142 Serum lycopene 1.1 (0.5-2.2) Age g
(71) Quartile 4 vs. 1 P =0.86 3
Cerhan, 1998 United 1987-1990 Cohort 101 Dietary tomatoes 0.50 (0.3-0.9) Age, total energy, other g
(abstract)63) States Quintile 5 vs. 1 P = .03 dietary and 5
nondietary factors <
Gann, 1998 United 1982-1995  Cohort 581 Plasma lycopene 0.56 (0.34-0.91) Age, smoking status, 3.
(abstract)(70) States Quintile 5 vs. 1 P = .05 body mass index, :
alcohol consumption, S
exercise, @
multivitamin use, 8
plasma cholesterol )
level ;;
Bladder cancer g
Helzlsouer, 1989  Maryland 1974-1986  Cohort 35 Serum lycopene 0.5, P for trend = .06 Age, sex, race, interval ‘f;
(75) Tertile 3 vs. 1 since last meal S
Nomura, 1991 Hawaii 1977-1986  Case—control 195 Lycopene 0.7,Pfortrend= .27 3 Age, cigarette -
(74) 66 ¢ Quintile 5 vs. 1 0.9,Pfortrend= .41¢ pack-years
Riboli, 1991(73) Spain 1985-1986  Case—control 432 Tomatoes No association Age
Bruemmer, 1996 ~ Washington 1987-1990  Case—control 262 Tomato intake, 0.71(0.39-1.29) Age, sex, county,
(72) State >0.29 vs. pfor trend= .13 smoking status,
<0.07/day calories

*Relative risk and 95% confidence interval®wvalue (two-sided) for the exposure comparison indicated; in some cases, measures other than the relative risk were
given. NS = not significant.

benzp]anthracene-induced mammary tumors, whergasro-
tene had no effeq36).

CervicAL CANCER AND PRECURSORS

pene in relation to cervical cancé89,90)or precursor lesions
(91) (Table 5). Monthly tomato consumption was higher in con-
trol subjects than in case subjects in one case—control $§870y
although this finding did not attain statistical significance. A
Two studies have reported on tomato consumption and risksitidy in The Netherland§38) found women who consumed
cervical cance(87,88),and three have examined serum lycotomatoes three or more times a week to have a 40% reduction in
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Table 5. Summary of epidemiologic studies examining tomato intake or lycopene intake or level and cancers of female

reproductive organs
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First author, No. of
year of publication Place of Years of case Relative risk*
(reference No.) study study Type of study  subjects Exposure (95% confidence interval) Adjusted factors
Breast cancer
Ewertz, 1990(79) Denmark 1983-1984  Case—control 1486 Tomatoes 1.04 (0.79-1.31) Age, residence
Quartile 4 vs. 1
Potischman, 1990 New York 1985-1986  Case—control 83 Plasma lycopene 0.62 (0.19-2.0) Age, age at first birth,
(84) State Quartile 4 vs. 1 P = .43 family history of
cancer, age at
menarche, body mass
index, age at
menopause, income,
marital status, plasma
cholesterol level,
triglyceride level
London, 1992 Massachusetts 1986-1988  Case—control 377 Serum lycopene 1.0 (0.7-1.7) Age, alcohol
(83) Quintile 5 vs. 1 consumption, age at
first birth, parity,
family history of
cancer, age at meno-
pause, age at men-
arche, body weight,
benign breast disease
Levi, 1993(78) Switzerland 1990-1992  Case—control 107 Tomatoes 0.9, NS Age
Tertile 3 vs. 1
Freudenheim, New York 1986-1991  Case—control 297 Lycopene intake, 0.87 (0.55-1.39) Age, educational level,
1996 (80) State =7123 pg/day P=.24 age at first birth, age
vs. <3775 at menarche, family
png/day history of cancer,
benign breast disease,
body mass index,
energy
Javinen, 1997 Finland 1967-1992  Cohort 88 Lycopene 1.0 Age, body mass index,
(77) Tertile 3 vs. 1 parity, region,
smoking status,
occupation
Zhang, 199781) Massachusetts 1989-1992  Case—control 46 Breast adipose 0.32 (0.11-0.94) Age, smoking status,
(breast lycopene levels, menopausal status
adipose) = vs. < median
Dorgan, 1998 Missouri 1977-1987  Cohort 105 Serum lycopene 0.5 (0.2-1.2) Age, benign breast
(82) levels, >0.51 P =.02 disease, serum
pmol/L vs. cholesterol level,
=<0.22 pmol/L cigarette smoking
status, body mass
index
Cervical cancer
Marshall, 1983 New York 1957-1965  Case—control 513 Tomato intake, 8.02, case subject Age
(87) State mean monthly 8.49, control subject
servings P=.2
de Vet, 1991(88) The 1984-1987  Case—control 257 Tomato intake=3 0.58 (0.33-1.02) Age, demographics,
Netherlands (cervical vs. 0/wk P=.01 marital status,
dysplasia) educational level,
smoking status,
children, contracep-
tion, age at first inter-
course, frequency of
intercourse, sexual
partners, frequency of
pap smear, other food
group consumption
Potischman, 1991 Latin 1986-1987  Case—control 387 Serum lycopene 1.14 (0.8-2.1) Age, study site, age at
(89) America level, >21.4 P = .69 first intercourse, No.
png/dL vs. <6.4 of sex partners, No.
png/dL of pregnancies, Pap
smear, papillomavirus
16/18, No. of
household facilities,
cholesterol level,
level of triglycerides
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Table 5 (continued).Summary of epidemiologic studies examining tomato intake or lycopene intake or level and cancers of female
reproductive organs

First author, No. of
year of publication  Place of Years of case Relative risk*
(reference No.) study study Type of study subjects Exposure (95% confidence interval) Adjusted factors
VanEenwyk, lllinois 1987-1989  Case—control 102 Serum lycopene 0.26 (0.08-0.9) Age, smoking status,
1991(91) (cervical level, >41.3 P = .004 income, vitamin C,
intraepithelial pg/dL vs. <21.3 Pap smear
neoplasm |1, pg/dL frequency,
11, or 1) Diet lycopene 0.19 (0.04-0.77) spermicidal
Quartile 4 vs. 1 P =.02 contraception, genital
warts, body mass
index
Batieha, 1993 Maryland 1975-1990 Case—control 50t Serum lycopene 0.40 (0.15-1.04) Age, race, time since
(90) 18 level, >41.8 P = .08 last meal
(invasive)  pg/dL vs. <24.9
32 pg/dL
(carcinoma
in situ)
Ovarian cancer
Helzlsouer, 1996  Maryland 1974-1989  Cohort 35 Serum lycopene  1.36 (0.4—4.3) Age, menstrual status,
(92) level, >35.2 P =.59 hours since last meal
pg/dL vs. <21.9 prior to collection
pg/dL

*Relative risk and 95% confidence interval®wvalue (two-sided) for the exposure comparison indicated; in some cases, measures other than the relative risk
given. NS = not significant.

TThe relative risk is only for all 50 cases; the 50 cases comprise 18 invasive carcinomas and 32 cainisg@oagsults are not presented for the 18 and 32
cases individually.

ere

no-olwapeoeAsd)y WOl paPEOjUMO(]

risk of cervical dysplasia relative to nonconsumers. One stutjgopene level and risk of cancer; 35 of these inverse associa

(89) found no association between serum lycopene and risktafhs were statistically significant. The remaining 15 studies§
cervical cancer, but another stu¢§0) found a borderline sta- were inconclusive or indicated a slight direct association, with=
tistically significant inverse association between serum lycopeR&s mostly within the range between 1.0 and 1.2. No statisti=
and risk of invasive (n= 18) or preinvasive (n= 32) cervical cally significant direct association between tomato or lycopen
cancer. A study of cervical cancer precursor lesions (cerviGansumption and risk for any cancer site was noted. 2
intraepithelial neoplasm [CIN] I, II, I)(91) found a fourfold Table 6 shows the RRs from 61 studies that provide datag

higher risk in women with low serum lycopene levels and there are 74 RRs because some studies present results stratified
fivefold excess risk among those with low dietary lycopene levy sex, racial or ethnic group, colon and rectum cancers sepa3

els. Thus, three of three studies of preinvasive lesions reportately, and results both for blood lycopene level and for dietary‘é;’1

an inverse association with tomato inta§88) or serum lyco- tomato or lycopene intakes. Almost half the studies found RRs3

pene(90,91).In one study90), levels of serum carotenoids werearound 0.6 or less, about two thirds with RRs less than 0.8. Thé:

also related to lower risk, whereas the study by VanEenwyk retsults did not vary appreciably whether they were base
al. (91) found benefits only for lycopene.

e

IR

/3|

OvaARIAN CANCER Table 6. Summary of the relative risks for high versus low intakes (levels) of

) tomatoes (lycopene) across the study characteristics
Only one study that reported data regarding tomato or lyce

pene and ovarian cancer was found. This was a prospective

No. (%) by relative risk

1202z 1snBny gz uo 1sanf

serum-based study of 35 case subjects (Tab{@2) This small Sty ¢ NTOtf)‘/' 06 06108 08110 10
study indicated no association, although the mean level of serti> 7P® °o- (%) =0 o i :
lycopene in the case subjects was 7.4% lower than in the coni®ohort 16 (100) 10 (63) 0(0) 1(6) 5(31)
subjects. More study of this cancer is clearly required befof@se-control 58(100) 26(45) 13(22) 10(17)  9(16)
firmer conclusions can be reached. Diet based 59 (100)  27(46)  12(20) 11 (19) 9 (15)
Biomarker* based 15 (100) 9 (60) 1(7) 0(0) 5(33)
SUMMARY OF EPIDEMIOLOGIC EVIDENCE Both sexes 33(100)  18(55) 5 (15) 6 (18) 4(12)
Male 20(100) 10 (50) 6 (30) 2 (10) 2 (10)
Consistency of Results Female 21 (100) 8 (38) 2(10) 3(14) 8 (38)
Totalt 74(100) 36(49) 13(18)  11(15)  14(19)

Including studies that have reported results but did n8t
specify RRs, 72 studies have reported on intake of tomatoesy4 blood-based and one study based on lycopene level in breast adipose
tomato-based products, and lycopene or blood or tissue level'$:

. . rom 61 studies that provided da(a7-20,22-29,31,33-37,39-44,47—
lycopene and risk of a cancer site. These were based On4§§2—56,59,60,62—72,74,75,77—84,86,88—96¢re are 74 relative risks be-

reports, some of which SeDarately anaWZ@q various Can(?er Sgﬁﬁ,e some studies present results stratified by sex, racial or ethnic group, colon
(e.g., colon and rectum). Of these 72 studies, 57 found iNVeEsA rectum cancers separately, and results both for blood lycopene level and for
associations between tomato or lycopene consumption or bladary tomato or lycopene intakes.
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on prospective or retrospective data or whether they were bagedential for Bias and Confounding as Explaining the
on dietary intakes or blood lycopene levels. The RRs (two-sid&sults

P values) for biomarker-based studies are 0.P8.02), 0.26
(P = .004), 0.32 P<.05), 0.37 P = .01), 0.4 P = .08), 0.5
(P = .02), 0.5 P = .06), 0.50 P = .26), 0.56 P = .05),

Biases occur when, through faulty data-collection techniques,
the associations in the study population are distorted. For ex-
0.62 (not significant), 101K = .97), 1.0 (not significant), ample, in some c.ase—cqntrol §tud|es,forwh|ch the disease status

_ - B is known at the time of interview, case subjects may recall past
1.1 (P = .86), 114 = .69), and 1.36R = .59). Of iet. differently from control subjects. Biases possibly may have
these 15 studies, 10 had RRs less than or equal to 0.62, and e(ii %:tturred i syecific settings bLt thét a sin IFe) stror¥ mgthodo-
were statistically significant or of borderline statisticaﬁ? ic bias ach())unts for all?hése findings is %ot’ Iausigtj)le Recall
significance P=.08), and in five of the studie¢59,69,70, igses for instance, cannot account fgr associgtions ob.served in
75,91),an inverse relationship was limited to lycopene amongqr ' e :

. ospective studies, particularly those based on blood levels of
carotenoids. .

.Il){_copene rather than on dietary recall.

Comparisons by sex tended to show more studies with i Publication bias (e.g., results reported in the literature onl
verse associations for males, but most studies also supporte%g a 9. P y

benefit for women (Table 6). Cancers, such as those of the lun m s_tud|es that found a relatlc_)ns_hlp) IS unhkely to be of
or stomach, for which both sexes are at risk, do not indic Hayor Importance for.our overall findings because, if no un<_jer—
strong differences in findings by sex. Evidence for a benefit Wél}gng association existed, one would expect as many direcg

. sociations as inverse associations to be reported. Herg,
strong for prostate cancer. For several female-associated b 8

: - statistically significant inverse associations were identified,3
cers, particularly cancers of the ovary and endometrium, data (3 Y sig L a
very sparse ut none with direct associations were found. However, forg

RR estimates for the various cancers are shown in Fig. 1. Tﬁ%eg'f;fegﬁncsglzfs dfosreﬁhég\?eongbﬁc;?:: S]L;mbbeer gf rgtpe%rttisﬁ
tendency for an inverse association between consumption 5 P k P y P

>
tomatoes or tomato products or lycopene levels is observed %?X?trﬁou h svstematic errors or bias in reporting tomato or %
a variety of cancer sites. The data are most compelling for Ao enegi]ntalze cannot account for all the fingin S %t is ossible:
cers of the prostate gland, lung, and stomach. Data are %ﬁ P gs, P 2

o)
suggestive for several other cancers, including pancreatic, co

e//:sdy

t the association between high tomato consumption and lowet

rectal, esophageal, oral, breast, and cervical cancers. Datar'gé:hz)ggﬂgﬁrnoduii C?;(;?):?SI)S 2:;5;;?:{; t&;tﬁg‘;;{i?ﬁfaigdagzi Q
garding the relationship between tomato consumption or lyco- 9 '

pene level and cancer risk for other cancer sites are too Iimit%%ss'b'“ty cannot be ruled ouF entirely, but it is unhkely for g
at present to support firm conclusions. several reasons. For confounding to occur, the confounding fac

. . B . :'
in summary, the epideiologic data indicate that high cof, 5 % 08 ST PRRAEY B8 SR L Pl lomats
sumers of tomatoes and tomato products are at substanti£1 y =

decreased risk of numerous cancers, although probably not ke. As shown in the tables, known or suspected risk factor§

. . _B
cancers. The results are consistent for a variety of cancers ac%’égrsfer g:qnttggllsgnf;;g]r;ig{g r;hgijtﬁg;e;éclgugnir:‘gﬁlr’]ecc())rt])z):r:‘/g é
numerous diverse populations and with the use of different type Ationships

of study designs. These include ecologic, case—control dieté?y . . . . .
studies, prospective dietary studies, and blood specimen—baseg Is possible that some unidentified confounding factor ac-

investigations. Because the evidence available is based on %%gnted for t.hese associations. Hovyever, given the variety o
cancers studied, the different etiologies for cancers, and the dix

servational studies, and thus causality cannot be directly { rsity of populations studies, uncontrolled confounding is un-2

ferred, the possibility for biases and confounding is conS'derﬁ(éely to account for most of the inverse associations with to-%

€

-
~
-~
N
(%]

next. matoes or lycopene. The pattern of potentially confounding‘é’—
factors for tomato products will likely vary among cancers, 2
which have different risk factors. Moreover, dietary patterns
differ among countries, and at least one statistically significants
Total inverse association for tomato products was observed in 10
Oral,Larynx,Pharynx countries (United States, Italy, Holland, Spain, Sweden, Polandys
Esgfhagu; 0 Australia, Iran, China, and Japan). The pattern of covariates will:
Caon S R also likely vary by type of tomato product. For example, in the
Rectum - Health Professionals Follow-up Stud$4), fresh tomatoes
Pancreas {—s-e tended to be associated with “healthy” lifestyle practices, tomato
Lung e opi—te sauce displayed no discernible pattern, and pizza was associated
'gl‘fgg: ""% slightly with “unhealthy” practices, yet all three items were in-
Breast versely associated with risk of prostate cancer.
Cervix The inverse association between plasma lycopene level and
Ovary cancers of the prostate, lung, cervix, breast, and pancreas is
Mesothelioma particularly interesting because plasma and tissue lycopene lev-
RR: o 05 1 15 2 els are poorly correlated with overall vegetable and fruit intake
because of the diverse nature of tomato products [.11(93);

Fig. 1. Summary relative risks (RR) for high versus low consumption of tomd- = .11 in women and 16 1in me('94)]' Unlike chopene |eV.eIS'
toes or level of lycopene from epidemiologic studies= statistically signifi- MOst other carotenoid levels correlate reasonably well with veg-
cant;o = not statistically significant. etable and fruit intakg93,94). Furthermore, in a study of a

326 REVIEW Journal of the National Cancer Institute, Vol. 91, No. 4, February 17, 1999



general U.S. population, lower serum concentrationg-o&ro- (one B-ionone ring) and3-carotene (twd3-ionone rings). The
tene,a-carotene, lutein, anfl-cryptoxanthin were generally as-B-ionone rings are critical for vitamin A activity; other ring
sociated with male sex, higher alcohol intake, increased smaitructures formed are devoid of vitamin A activity. Thus, cleav-
ing, and higher body mass index; dietary and serum lycopeage ofy-carotene forms one vitamin A molecule, while cleavage
levels were not associated with these fact®S). Thus, it is of B-carotene leads to two vitamin A molecules. Oxygenation of
unlikely that the inverse association between plasma lycopehe B-ionone rings leads to the more polar oxycarotenoids or
level and risk of various cancers is a result of lycopene’s beimgnthophils, such aB-cryptoxanthin (one oxygenated ring, half
a nonspecific marker of fruit and vegetable intake or relateéde provitamin A activity of-carotene) and lutein (two oxy-
“healthy” behaviors. genated rings and hence no provitamin A activity).

Plants vary substantially in their overall production of carot-
enoids and in the activities of various enzymes involved in de-

Although most studies indicate an anticancer benefit of teaturation, cyclization, and oxygenation to produce a wide range
mato consumption, it is difficult to draw firm conclusions reof carotenoids. For example, the red color of tomatoes results
garding the dose—response relationship. For the most part, RIR&" lycopene, suggesting that red tomatoes have insufficient
appeared to decrease proportionally to increasing intake of @yclase activity to convert lycopene tpcarotene ang-caro-
matoes or related products. Within the observable range, thtgee efficiently. Variation in different strains of tomatoes exists,
was no firm evidence of an intake level where the trend towa#$ evidenced by yellow tomatoes, which are relatively low in2
decreasing risk begins to reverse, although few data are availdp@®@pene. Among foods typically consumed by humans, toma=
regarding intakes of tomatoes or tomato-based products excgees are a particularly rich source of several carotenoids. Of 1@-
ing one serving per day. Caution is advisable regarding phgerotenoids found in human serum, tomato and tomato-based
macologic doses of lycopene because all of the epidemiologioducts contribute to nine and are the predominant source @
data are based on typical dietary intakes. Moreover, one aniralbut half of the carotenoid99). Tomatoes are low ifg-caro- =
study of lung cance(96) suggests a benefit of lycopene intakéene (most of the provitamin A activity from tomatoes is from Ti
at lower levels but possibly an adverse effect of lycopene intakecarotene) and low in the polar xanthophils, but they are by fars
at very high levels. Benefits may also vary by the specific tygbe major source of the remaining nonpolar carotenoids.
of tomato products because processing and cooking may influ-Overall, tomatoes are an important source of several nutrientg
ence the level or bioavailability of the bioactive compoundand a predominant source of several carotenoids, particularly

Dose—Response Relationship

ope

(e.g., lycopene). lycopene. Very few items other than tomato products contributes

to dietary lycopene; these include watermelon, pink grapefruitg
POTENTIALLY BENEFICIAL ASPECTS OF TOMATOES and apricots. Tomatoes are also a source of other potentiall§
AND TOMATO -BASED PrRODUCTS beneficial phytochemicals, including phenylpropanoids (pheno=

6/8101

. I
ma-[lorre](::gb?irs]?letgn;3:2(;?’1?§2?1§§’2uc:§ d%rriigﬂ?ggg:cs‘ezucr)??o ic relevance of these latter compounds, plus the relative im
y . P . Oftance of tomatoes as a dietary source of these, is unknow
phytochemicals that may have health benefits. Tomatoes are

relatively rich sources of folate, vitamin C, vitamin A, and poBioLocic PLAUSIBILITY OF AN ANTICANCER EFFECT
tassium. Beca_lusg other good sources of these nu_trients are aypil vcopene
able, the relative importance of tomatoes as contributors of these
nutrients varies across populations. In the United States, con-ycopene has received the most attention, but whether ap®
sumption of tomatoes and tomato products ranks number twop@rent anticancer properties of tomatoes result from lycopen&€
potatoes among vegetablé®r). Because they are highly con-remains unproven. Nonetheless, lycopene has several notalﬁe
sumed, tomatoes and related products rank as the number tlotesgacteristics that may confer potentially beneficial propertiesfé’—
contributor of vitamin C and the number four contributor oBecause lycopene is not converted to vitamin A, it may bei)
provitamin A and are the ninth highest contributor of potassiuentirely available for other properties (e.g., antioxidation). The;g
to the U.S. diet. In Italy, tomatoes have been estimated as thek of theB-ionone ring structure for lycopene may increase itss
second most important source of vitamin C after orar{§8% In  antioxidant activity(100). The stereochemical properties of ly- &
contrast, tomato consumption in some populations appears tacbpene are quite different from those of other commonly con-3
too low for them to be a good source of these nutrients [e.g., themed carotenoidd.01), making it uniquely present in specific =
study by Tuyns et a[43)in Belgium]. Anticancer properties for subcellular environments. Lycopene appears to be the most ef-
several of these nutrients have been hypothesized. ficient quencher of singlet oxygen and free radicals among the
In addition to being a substantial source of some traditionabmmon carotenoidi vitro (8,102—104)In some populations,
nutrients, tomatoes are rich in several phytochemicals beliedgdopene is the predominant carotenoid in plagtr—107)nd
to have anticancer properties. Among the most prominent phg-various tissue$108,109).
tochemicals in tomatoes are the carotenoids, important pigmentsThe unique biochemical properties of lycopene may render it
found in plants, and photosynthetic bacteria, fungi, and algadle to protect cellular components against specific types of
These organisms synthesize phytoene, a 40-carbon moleadenage from highly reactive oxygen species. The source of the
with 9 double bonds (in thieansconfiguration), which serves asreactive compounds differs by tissue type and includes smoking,
a precursor for more than 600 carotenoids. A series of desatunlight, chronic inflammation, and normal metabolic processes
ration steps leads sequentially to phytofluetwearotene, neu- (110-112).For example, smokers’ lungs are exposed to high
rosporene, and lycopene, a symmetrical, acyclic 40-carbon mielvels of nitric oxide (NO), which can react with oxygen to
ecule with 13 double bonds (11 conjugated). Enzymatgroduce the N@ radical. NG radicals survive for long enough
cyclization of the end groups of lycopene resultsyhearotene in fresh smoke to reach lung tiss(fel 3).Lycopene is one of the

iI(f:gacids), phytosterols, and flavonoig7). However, the bio-
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major carotenoids found in lung tissue, and concentrations vamgr (122). Various other potential mechanisms have been pos-
widely among individual§114).Using anin vitro assay, Bom tulated (100,108,123,124)Most of the mechanistic data have
et al. (115) showed that carotenoids are effective in protectingeen based oin vitro studies, but a recent stuqg25) found
lymphocytes from NQradical damage and that lycopene was dlhat supplementation with tomato products, as well as carrot and
least twice as effective g&-carotene. Lycopene was shown tepinach products, resulted in a marked decrease in endogenous
possess anticancer properties in a mouse lung carcinogenkgsigls of strand breaks in lymphocyte DNA. More human studies
model (96). are clearly needed.

Chronic infection byHelicobacter pyloriis a major estab- CONCLUSIONS
lished risk factor for gastric cancer. Chronic infections may in=

crease cancer risk by increasing the oxidative |¢BIb). El- Intake of tomatoes and tomato-based products and plasma
evated DNA oxidation occurs early durirtg. pylori infection |evels of lycopene, a carotenoid found predominantly in toma-
(117).Dietary antioxidants, including lycopene, may potentiallyoes, have been relatively consistently associated with a lower
reduce the impact of oxidative load frorh pylori infections in  risk of a variety of cancers. Evidence is strongest for cancers of
the stomach. Another potential contributing factor to stomaghe lung, stomach, and prostate gland and is suggestive for can-
cancer is the endogenous formationNshitrosamines. Vitamin cers of the cervix, breast, oral cavity, pancreas, colorectum, and
C has been considered to be an inhibitor of the nitrosation thesophagus. A large body of evidence also indicates that othep
generated-nitrosamines. It is interesting that an ecologic studyuits and vegetables may have additional or complementary
in Japan(45), an area with a high incidence of stomach cancenenefits(3-5). The likelihood that the associations between in- §
showed no association between average plasma vitamin C lesrelased consumption of tomato and tomato-based products a@l
and stomach cancer, and, in fact, the area with the lowest gasimiver risk for several cancer sites are causal is supported by the
cancer incidence had the lowest vitamin C level. In contrasgnsistency of evidence by study design (ecologic, case—controf
plasma lycopene level was associated with stomach cancer gitd prospective) and by exposure assessment (dietary-based a@:rud
more so than the levels of other “antioxidant” nutrients assesg@dsma-based) and by the unlikelihood that biases or unconz
(vitamins A, C, and E ang-carotene)45). A study of deter- trolled confounding could plausibly account for all these§
minants of endogenous generatior\bhitrosamine in rat§118) associations in diverse populations. These findings add furtheg
suggested that various aspects of food products may expl@iPport to current dietary recommendations to increase corg
their inhibitory effect, including pH, and ascorbic acid, lycosumption of fruits and vegetables to reduce cancer risk. 2
pene, angs-carotene contents. Tomato and tomato-based prod-The benefits of tomatoes and tomato products are often at
ucts are the predominant sources of lycopene and one of tfieuted to the carotenoid lycopene. However, a direct benefit Oé
major sources of ascorbic acid in some populations. lycopene has not been proven, and other compounds in tomatogs
Reactive oxygen compounds may contribute to prostate catone or interacting with lycopene may be important. It is critical £
cinogenesig119,120).Prostate epithelial cells in many men ato recognize that the current evidence regarding dietary intake:
the age of risk for prostate cancer are likely to be exposedasd lycopene blood concentrations reflects consumption of tos
inflammatory-related reactive oxygen species because of h@toes and tomato products rather than purified lycopene:
high prevalence of prostatitis. However, whether an antioxidagitpplements. The pharmacokinetic properties of lycopene res
property accounts for the apparent benefit of tomato produdgin poorly understood, and it is premature to recommend usg
consumption on prostate cancer risk remains unproven.  of pharmacologic doses of lycopene for any health benefit. Furs
If oxidation proves critical to carcinogenesis, the dietary cofider research on the bioavailability, pharmacology, and biologyx
tribution to antioxidation is likely to be immensely complexof this potentially important carotenoid is clearly warranted. Un-&
Synergy among antioxidants exists in experimental systefilsmore definitive data regarding specific benefits of purified
(121), and synergistic effects are likely to be more compilex forms of lycopene are available, current recommendations:
vivo. For example, synergy betweentocopherol and ascorbic should emphasize the health benefits of diets rich in a variety of
acid is well establishef.21),resulting from the ability of ascor- fruits and vegetables, including tomatoes and tomato-based
) . . . >
bic acid to reducex-tocopheroxyl radicals, thereby recyclingeroducts.
a-tocopherol. Complex synergistic effects may occur as a respjt
of such direct interactions (e.g., recycling), different abilities EFERENCES
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