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Study
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A case-control study of breast cancer was conducted in CC
Buffalo. Participants completed a food frequency
questionnaire

and donated a fasting blood sample before definitive
workup for breast masses. Dietary and plasma
concentrations of

carotenoids and retinol for 83 women found to have
breast cancer were compared with those of 113 women
found to be free of breast cancer (control subjects). There
were no case-control differences in dietary estimates of
vitamin A intake

or in plasma alpha-carotene and lycopene. However,
subjects with breast cancer had lower concentrations of
plasma

beta-carotene than did control subjects (P = 0.02). There
was no overall association between plasma refinol and
breast

cancer but a positive relationship was observed between
retinol and breast cancer in the subgroup with low beta-
carotene values. These results suggest that low plasma
beta-carotene is associated with increased risk of breast
cancer. Other studies will need to determine whether low
carotene concentrations are a subtle effect of the
disease or might be causally related to breast cancer.

A case-control study of the associations of retinoids and CcC
specific carotenoids with breast cancer using tissue
concenfrations of these nutrients in breast adipose tissue

was conducted among women attending a breast clinic

in the Boston area in 1989-1992.

Breast adipose tissue was collected during breast biopsy.

Cases (n = 46) were women whose biopsies revealed

invasive or in situ breast cancer; control subjects (n = 63)

were women whose biopsies revealed benign disease.

We observed inverse associations between breast

adipose concentrations of retinoids and carotenoids and

risk of breast cancer, although not all were statistically

significant. The multivariate-adjusted odds ratio

comparing women above the median value of the

control
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group for retinol with those below or equal to the median
was 0.71 (95% Cl: 0.26, 1.93; NS); corresponding odds
ratios were

0.61 (95% CI: 0.23, 1.64; NS) for retinyl palmitate, 0.30 (95%
Cl: 0.11, 0.85) for beta-carotene, 0.32 (95% CI: 0.11, 0.94)
for lycopene, and 0.68 (95% Cl: 0.27, 1.73; NS) for
lutein/zeaxanthin. There was a nonsignificant positive
correlation (r=0.23, P = 0.15) between breast adipose
fissue concentrations of refinol and dietary intake of
preformed vitamin A, including supplements measured by
using a food-frequency questionnaire. No correlation was
found between breast adipose concentrations of
carotenoids and intake of dietary carotenoids. These
data suggest that higher breast adipose concenfrations
of retinoids and some carotenoids may be associated
with decreased risk of breast cancer and that further
examination of these relations is warranted.

To evaluate relationships of serum carotenoids, alpha-
tocopheroal, selenium, and retinol with breast cancer
prospectively, we conducted a case-control study nested
in a cohort from the Breast Cancer Serum Bank in
Columbia, Missouri (United States). Women free of cancer
donated blood to this bank in 1977-87. During up to 9.5
years of follow-up (median = 2.7 years), 105 cases of
histologically confirmed breast cancer were diagnosed.
For each case, two women alive and free of cancer af
the age of the case's diagnosis and matched on age and
date of blood collection were selected as confrols. A
nonsignificant gradient

of decreasing risk of breast cancer with increasing serum
beta-cryptoxanthin was apparent for all women. Serum
lycopene also was associated inversely with risk, and
among women who donated blood at least two years
before diagnosis, a significant gradient of decreasing
breast cancer risk with increasing lycopene concentration
was evident. A marginally significant gradient of
decreasing risk with increasing serum lutein/zeaxanthin
also was apparent among these women. We did not
observe any evidence for protective effects of alpha-
and beta-carotene, alpha-tocopheral, retinol, or selenium
for breast cancer. Results of this study suggest that the
carotenoids beta-cryptoxanthin, lycopene, and
lutein/zeaxanthin may protect against breast cancer.

Two-hundred and six breast cancer cases were
histologically confirmed breast cancer diagnoses at the
Cancer Institute in Chennai (Madras), India. One-hundred
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and fifty hospital controls were patients who had cancer
at any site other than breast and gynecological organs,
and é1 healthy controls were persons accompanying
patients in the Cancer Institute. Serum levels of
carotenoids such as beta-carotene, lycopene,
cryptoxanthin, and zeaxanthin & lutein were determined
by HPLC. Serum levels of total carotenes and total
carotenoids including beta-carotene, which reflects food
intake of colored vegetables and fruits and has a
protective role for certain sites of cancer, were
significantly lower among breast cancer cases and
hospital controls compared to healthy controls, especially
in post-menopausal women. Serum carotenoid levels
appeared to change with menopausal status. Serum
beta-carotene levels tended to be lower among breast
cancer cases than among hospital controls in
premenopausal women. Serum xanthophyll levels were
significantly lower among breast cancer cases than
among healthy controls in post-menopausal women, but
not in premenopausal women. Serum levels of retinol and
alpha-tocopherol among breast cancer cases were not
significantly different from those in post-menopausal
healthy controls, but were higher than those in hospital
controls. Serum estrone levels were significantly higher
among breast cancer cases than among healthy
confrols, but serum levels of estradiol and estriol were not.
In conclusion, Indian women with cancer of breast or of
other sites might have low intake of green-yellow
vegetables rich in fiber and carotenoids such as beta-
carotene and zeaxanthin & lutein.

Antioxidant micronutrients found in fruits and vegetables CcC
have been shown in numerous studies to be protective
against cancer. There is limited information on the
relationship between blood antioxidant micronutrient
levels and cancer among ethnic minorities. We
conducted a pilot case-control study to evaluate the
potential for accrual to a study of the association of
plasma levels of beta-carotene, retinol, lycopene, alpha-
tocopherol, and gamma-tocopherol with breast cancer
risk among African American and Caucasian women
seen at a large university medical center in Detroit. Cases
included women with newly diagnosed invasive breast
cancer who had not yet had any cancer-related therapy
and who were age-matched to controls within 5 years.
Plasma levels of micronutrients were analyzed by high-
pressure liquid chromatography. Compared to the
expected accrual based on cancer registry data, only
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26% (11/42) of African American women with breast
cancer enrolled, while 100% (16/16) of Caucasian cases
enrolled. Control women were quickly accrued with only
a 6% refusal rate. Among African American women, there
was a weak inverse association between plasma
lycopene levels and breast cancer risk, with a mean level
of 0.17 &mgr;mol/L (SD = 0.18) among cases, and 0.24
&mgr; mol/L (SD =0.18) among controls (p = 0.09). There
was a weak direct association between plasma retinol
levels and breast cancer risk among African American
women, with a mean retinol level of 2.37 &mgr;mol/L (SD
=0.73) among cases and 1.98 &mgr;mol/L (SD = 0.49)
among controls (p = 0.132). The interaction effect of race
and lycopene was statistically significant (p = 0.048).
Among the lowest lycopene tertile, the risk of breast
cancer among Caucasian women was 0.76 and the risk
of breast cancer among African American women was
2.29, although these odds ratios were not statistically
significant. Our recruitment efforts were largely successful
among Caucasian cases and confrols, and African
American controls, but were unsuccessful among African
American cases. The results suggest a possible relationship
between plasma lycopene level and breast cancer
among African American women, but these results should
be confirmed by a larger, more definitive study.

OBJECTIVE: Using a nested case-referent design we CcC
evaluated the relationship between plasma levels of six nested
carotenoids,

alpha-tocopherol, and retinol, sampled before diagnosis,
and later breast cancer risk.

METHODS: In total, 201 cases and 290 referents were
selected from three population-based cohorts in northern
Sweden, where all subjects donated blood samples at
enrolment. All blood samples were stored at -80 degrees
C. Cases and referents were matched for age, age of
blood sample, and sampling centre. Breast cancer cases
were identified through the regional and national cancer
registries.

RESULTS: Plasma concentrations of carotenoids were
positively intercorrelated. In analysis of three cohorts as a
group none of the carotenoids was found to be
significantly related fo the risk of developing breast
cancer. Similarly, no significant associations between
breast cancer risk and plasma levels of alpha-tocopherol
or refinol were found. However, in postmenopausal
women from a mammography cohort with a high number
of prevalent cases, lycopene was significantly associated
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with a decreased risk of breast cancer. A significant trend
of an inverse association between lutein and breast
cancer risk was seen in premenopausal women from two
combined population-based cohorts with only incident
cases. A non-significant reduced risk with higher plasma
alpha-carotene was apparent throughout all the sub-
analyses.

CONCLUSION: In conclusion, no significant associations
were found between plasma levels of carotenoids, alpha-
tocopherol or retinol and breast cancer risk in analysis of
three combined cohorts. However, results from stratified
analysis by cohort membership and menopausal status
suggest that lycopene and other plasma-carotenoids
may reduce the risk of developing breast cancer and
that menopausal status has an impact on the
mechanisms involved.

The consumption of vegetables and fruit may protect
against many types of cancer, but research evidence is
not compelling for breast cancer. Carotenoids are
pigments that are present in most plants and have known
antioxidant properties. Blood concentrations of
carotenoids have been proposed as integrated
biochemical markers of vegetable, fruit, and synthetic
supplements consumed. In a case-control study (270
cases, 270 controls) nested within a cohort in New York
during 1985-1994, the carotenoids lutein, zeaxanthin,
beta-cryptoxanthin, lycopene, alpha-carotene, and
beta-carotene were measuredin archived serum samples
using liquid chromatography. There was an evident
increase in the risk of breast cancer for decreasing beto-
carotene, lutein, alpha-carotene, and betao-
cryptoxanthin. The risk of breast cancer approximately
doubled among subjects with blood levels of beta-
carotene at the lowest quartile, as compared with those
at the highest quartile (odds ratio = 2.21; 95% confidence
interval (Cl): 1.29, 3.79). The risk associated with the other
carotenoids was similar, varying between 2.08 (95% Cl:
1.11, 3.90) for lutein and 1.68 (95% Cl: 0.99, 2.86) for beta-
cryptoxanthin. The odds ratio for the lower quartile of total
carotenoids was 2.31 (95% ClI: 1.35, 3.96). These
observations offer evidence that a low intake of
carotenoids, through poor diet and/or lack of vitamin
supplementation, may be associated with increased risk
of breast cancer and may have public health relevance
for people with markedly low intakes.
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We performed a case control study to assess the
association between serum micronutrient and antioxidant
levels and the risk of breast cancer. Newly diagnosed
breast cancer cases were recruited before any treatment
and matched with controls randomly selected from the
electoral roll. Blood samples were collected from 153
breast cancer cases and 151 controls. Serum samples
were analyzed for retinol, alpha-tocopherol, lycopene,
alpha- and beta-carotene by HPLC, and total antioxidant
status by the Trolox-equivalent antioxidant assay. Serum
albumin, bilirubin and uric acid levels were also
determined. After adjustment for age at menarche,
parity, dietary fat and alcohol intake, we observed the
following reductions in odds ratios for breast cancer risk
comparing the highest with the lowest quartiles: 0.47 [95%
confidence interval (Cl) 0.24, 0.91] for beta-carotene; 0.53
(C10.28, 1.01) for retinol; 0.50 (Cl 0.26, 0.97) for bilirubin
and 0.47 (Cl1 0.24, 0.94) for total antioxidant status. We
conclude that increased serum levels of beta-carotene,
retinol, bilirubin and fotal antioxidant status are
associated with reductions in breast cancer risk.

Previous prospective studies have raised the possibility
that the antioxidantproperties of carotenoids and vitamin
E (alpha-tocopherol) and the role of vitamin A (retinol) in
cellular differentiation may be associated with a reduced
risk of subsequent breast cancer. To investigate the
association between serum and plasma concentrations
of retinol, retinyl palmitate, alpha-carotene, beta-
carotene, beta-cryptoxanthin, lutein, lycopene, total-
carotenoids, alpha-tocopherol, and gamma-tocopherol
with subsequent development of breast cancer, a nested
case control study was conducted among female
residents of Washington County, Maryland, who had
donated blood for a serum bank in 1974 or 1989. Cases (n
=295) and controls (n = 295) were matched on age, race,
menopausal status, and date of blood donation, and the
analyses were stratified by cohort participation. Median
concentrations of beta-carotene, lycopene, and total
carotene were significantly lower in cases compared with
confrolsin the 1974 cohort (13.1, 12.5, and 7.9%
difference; P = 0.01, 0.04, and 0.04, respectively) and for
lutein in the 1989 cohort (6.7% difference; P = 0.02). The risk
of developing breast cancer in the highest fifth was
approximately half of that of women in the lowest fifth for
beta-carotene [odds ratio (OR) = 0.41; 95% confidence
interval (Cl) 0.22-0.79; P trend = 0.007], lycopene (OR =
0.55; 95% C1 0.29-1.06; P trend = 0.04), and total carotene
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(OR =0.55; 95% C1 0.29-1.03; P trend = 0.02) in the 1974
cohort. There was generally a protective association for
other micronutrients in both cohorts, although none
reached statistical significance. The results suggest that
carotenoids may protect against the development of
breast cancer.

Lycopene is potentially effective in the prevention of PC
breast cancer from laboratory and observational studies.
Among 39,876 women initially free of cardiovascular

disease and cancer, we first conducted a prospective

cohort study of dietary lycopene and its food sources.
Participants completed a baseline food frequency
questionnaire and provided self-reports of breast cancer | ~~~~~
risk factors. Dietary lycopene levels were divided into CcC
quintiles, and lycopene food sources were categorized. nested
During 9.9 years of follow-up, 1,076 breast cancer cases

were confirmed by medical record review. In a nested
case-control study, we then identified 508 breast cancer

cases and 508 controls matched by age, smoking, and
follow-up time. Plasma lycopene and other carotenoids

were measured. In the prospective cohort study, women

with increasing quintiles of dietary lycopene had

multivariate relative risks (RR) of breast cancer of 1.00

(ref), 0.95, 1.00, 1.10, and 1.00 (P, linear frend = 0.71).

Women consuming <1.5, 1.5 to <4, 4 to <7, 7 to <10, and >

or =10 servings/week of tomato-based products had RRs

of 1.00 (ref), 1.00, 1.20, 1.18, and 1.16 (P, linear frend =

0.11). No individual lycopene food sources were

associated with breast cancer. In the nested case-control

study, women in increasing quartiles of plasma lycopene

had multivariate RRs of breast cancer of 1.00 (ref), 0.95,

1.15, and 0.93 (P, linear trend = 0.86). The stepwise

addition of individual plasma carotenoids did not impact

the RRs for plasma lycopene, nor were other carotenoids
associated with breast cancer. In conclusion, neither

higher dietary nor plasma lycopene levels were

associated with a reduced risk of breast cancer in middle-

aged and older women.

The roles of carotenoids, retinol, and tocopherols in breast CcC
cancer etiology have been inconclusive. The authors nested
prospectively assessed the relations between plasma
alpha-carotene, beta-carotene, beta-cryptoxanthin,

lycopene, lutein/zeaxanthin, retinol, alpha-tocopherol,

and gamma-tocopherol and breast cancer risk by

conducting a nested case-control study using plasma

collected from women enrolled in the Nurses' Health

Diet
lyco +
food
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Study. A total of 969 cases of breast cancer diagnosed
after blood draw and prior to June 1, 1998, were
individually matched to controls. The multivariate risk of
breast cancer was 25-35% less for women with the highest
quintile compared with that for women with the lowest
quintile of alpha-carotene (odds ratio (OR) = 0.64, 5%
confidence interval (Cl): 0.47, 0.88; p(trend) = 0.01), beta-
carotene (OR =0.73, 95% ClI: 0.53, 1.02; p(trend) = 0.01),
lutein/zeaxanthin (OR = 0.74, 95% CI: 0.55, 1.01; p(trend) =
0.04), and total carotenoids (OR = 0.76, 95% Cl: 0.55, 1.05;
p(trend) = 0.05). The inverse association observed with
alpha-carotene and breast cancer was greater for
invasive cancers with nodal metastasis. The authors
conclude that some carotenoids are inversely associated
with breast cancer. Although the association was
strongest for alpha-carotene, the high degree of
collinearity among plasma carotenoids limits our ability to
conclude that this association is specific to any individual
carotenoid.

Dietary carotenoids show numerous biological activities,
including antioxidant activity, induction of apoptosis, and
inhibition of mammary cell proliferation. Studies examining
the role of carotenoid consumption in relation to breast
cancer recurrence are limited and report mixed results.
We tested the hypothesis that breast cancer survivors with
high dietary and plasma carotenoids would show
significantly lower levels of oxidative stress than breast
cancer survivors with low dietary and plasma carotenoid
levels. Two hundred seven postmenopausal breast
cancer survivors from the Women's Healthy Eating and
Living Study volunteered for this ancillary study. Dietary
data were analyzed by the Arizona Food Frequency
Questionnaire and plasma carotenoids alpha-carotene,
beta-carotene, lutein plus zeaxanthin, lycopene, and
beta-cryptoxanthin and quantified with high-
performance liquid chromatography, and immunoaffinity
chromatography-monoclonal antibody-based ELISAs
were used to analyze the urine samples for 8-hydroxy-2'-
deoxyguanosine (8-OhdG) and 8-iso-prostaglandin-
F2alpha (8-iso-PGF2alpha). The correlations between
dietary and plasma carotenoids were 0.34 for beta-
carotene, 0.46 for alpha-carotene, 0.39 for beta-
cryptoxanthin, 0.27 for lycopene, 0.30 for lutein plus
zeaxanthin, and 0.30 for total carotenoids. The 8-OHAG
oxidative stress biomarker was significantly reduced at the
highest quartile of total plasma carotenoid
concentrations (P = 0.001) and 8-iso-PGF2alpha was
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moderately reduced (P = 0.088). Dietary carotenoid levels
were not significantly associated with oxidative, stress
indicators, although dietary lycopene and
lutein/zeaxanthin were modestly associated with 8-OHdG
levels (P = 0.054 and 0.088, respectively). Key findings
include a significant inverse association between total
plasma carotenoid concentrations and oxidative stress as
measured by urinary 8-OHdG and a moderately
significant inverse association with 8-iso-PGF2alpha, a
protective association that was not shown for dietary
carotenoid intake.

Evidence from some previous studies suggests that CcC (-)
lipophilic antioxidants, particularly carotenoids, may nested
reduce the risk of breast cancer. We prospectively

investigated the associations of plasma levels of

tocopherols, retinol, carotenoids with the risk of

developing breast cancer among Chinese women. We

conducted a study of 365 incident breast cancer cases

and 726 individually matched controls nested within a

large cohort study of women aged 40-70 years at

baseline. We observed no associations between breast

cancer risk and any of the tocopherols, refinol, and most
carotenoids. However, high levels of plasma lycopene

other than trans, 5- and 7-cis or trans alpha-cryptoxanthin

were inversely associated with the risk of developing

breast cancer. Our results do not support an overall

protective effect of lipophilic antioxidants on breast

cancer risk. The few inverse associations observed for

subtype of carotenoids may need to be confirmed in

future studies.

BACKGROUND: Prospective studies have examined the PC (+)
association of serum and plasma carotenoids and
micronutrients

and breast cancer; however, to date, studies have only
assessed exposure at one point in time.

OBJECTIVE: This study analyzed baseline and repeated
serum measurements of carotenoids, retinol, and
tocopherols to

assess their associations with postmenopausal breast
cancer risk.

DESIGN: Serum concentrations of alpha-carotene, betao-
carotene, beta-cryptoxanthin, lycopene, lutein +
zeaxanthin, retinol, alpha-tocopherol, and gamma-
tocopherol were measured in a 6% sample of women in

1 risk
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the Women's Heallth Initiative clinical trials at baseline and
atyears 1, 3, and 6 and in a 1% sample of women in the
observational study at baseline and at year 3. The
association of baseline compounds and breast cancer
risk was estimated by Cox proportional hazards models. In
addition, repeated measurements were analyzed as
time-dependent covariates. Of 5450 women with baseline
measurements,

190 incident cases of breast cancer were ascertained
over a median of 8.0 y of follow-up.

RESULTS: After multivariable adjustment, risk of invasive
breast cancer was inversely associated with baseline
serum alpha-carotene concentrations (hazard ratio for
highest compared with the lowest tertile: 0.55; 95% ClI:
0.34, 0.90; P = 0.02) and positively associated with baseline
lycopene (hazard ratio: 1.47; 95% ClI: 0.98, 2.22; P = 0.06).
Analysis of repeated measurements indicated that alpho-
carotene and beta-carotene were inversely associated
with breast cancer and that gamma-tocopherol was
associated with increased risk.

CONCLUSIONS: The present study, which was the first fo
assess repeated measurements of serum carotenoids and
micronutrients in relation to breast cancer, adds to the
evidence of an inverse association of specific carotenoids
with breast cancer. The positive associations observed for
lycopene and gamma-tocopherol require confirmation.
This trial was registered at ClinicalTrials.gov as
NCTO0000611.

Mammographic density is one of the strongest predictors
of breast cancer risk. Recently, it has been suggested that
reactive oxygen species may influence breast cancer risk
through its influence on mammographic density. In the
current study, we addressed this hypothesis and also
assessed if the association between carotenoids and
breast cancer risk varies by mammographic density. We
conducted a nested case-control study consisting of 604
breast cancer cases and 626 controls with prospectively
measured circulating carotenoid levels and
mammographic density in the Nurses' Health Study.
Circulating levels of alpha-carotene, beta-carotene,
beta-cryptoxanthin, lycopene, and lutein/zeaxanthin
were measured. We used a computer-assisted
thresholding method to measure percent
mammographic density. We found no evidence that
circulating carotenoids are inversely associated with
mammographic density. However, mammographic
density significantly modified the association between

CcC
nested

(-)

in high
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total circulating carotenoids and breast cancer (P
heterogeneity = 0.008). Overall, circulating fotal
carotenoids were inversely associated with breast cancer
risk (P frend = 0.01). Among women in the highest tertile of
mammographic density, total carotenoids were
associated with a 50% reduction in breast cancer risk
(odds ratio, 0.5; 95% confidence interval, 0.3-0.8). In
contrast, there was no inverse association between
carotenoids and breast cancer risk among women with
low mammographic density. Similarly, among women in
the highest tertile of mammographic density, high levels
of circulating alpha-carotene, beta-cryptoxanthin,
lycopene, and lutein/zeaxanthin were associated with a
significant 40% to 50% reduction in breast cancer risk (P
frend < 0.05). Our results sugget that plasma levels of
carotenoids may play a role in reducing breast cancer
risk, particularly among women with high mammographic
density.



