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Abstract

Breast cancer is the leading site of new cancers in women and the second leading cause (after lung cancer) of cancer mortality in women.
Observational studies that have collected data for dietary exposure to �-tocopherol with or without the other related tocopherols and
tocotrienols have suggested that vitamin E from dietary sources may provide women with modest protection from breast cancer. However,
there is no evidence that vitamin E supplements confer any protection whatever against breast cancer. Observational studies that have
assessed exposure to vitamin E by plasma or adipose tissue concentrations of �-tocopherol have failed to provide consistent support for the
idea that �-tocopherol provides any protection against breast cancer. In addition, evidence from studies in experimental animals suggest that
�-tocopherol supplementation alone has little effect on mammary tumors. In contrast, studies in breast cancer cells indicate that �- �-, and
�-tocotrienol, and to a lesser extent �-tocopherol, have potent antiproliferative and proapoptotic effects that would be expected to reduce
risk of breast cancer. Many vegetable sources of �-tocopherol also contain other tocopherols or tocotrienols. Thus, it seems plausible that
the modest protection from breast cancer associated with dietary vitamin E may be due to the effects of the other tocopherols and the
tocotrienols in the diet. Additional studies will be required to determine whether this may be the case, and to identify the most active
tocopherol/tocotrienol. © 2002 Elsevier Science Inc. All rights reserved.
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1. Food sources of tocopherols, tocotrienols, and
vitamin E

Previously, eight dietary components, �-, �-, �-, and
�-tocopherol and �-, �-, �-, and �-tocotrienol [1,2,3] were
all considered forms of vitamin E (Fig. 1). Alpha-tocopherol
is thought to be the most biologically important form of
vitamin E [3,4]. Recent guidelines have equated �-tocoph-
erol with vitamin E, discounting other tocopherols and the
tocotrienols [3]. Tocopherols and tocotrienols are present in
the oil fraction of cereal grains, seeds, and nuts [1]. In most
food sources, tocopherols are more prevalent than tocotrien-
ols [1]. The primary tocopherol in a number of nuts and
oilseeds is �-tocopherol [1]. Soybean oil and rice germ oil
are particularly good sources of �-tocopherol while wheat
germ is one of the few good sources of �-tocopherol [1]. In
comparison, olive oil contains almost exclusively �-tocoph-

erol [1]. In many cereal grains, including rice and flours and
meals made from barley, corn, oats, rye, and wheat (except
the isolated germ) and in palm oil, tocotrienols are more
prevalent than tocopherols [1]. Palm oil is a particularly rich
source of �-, �-, and �-tocotrienol [1]. Thus, emphasizing
the consumption of monounsaturated fat sources, such as
olive oil, at the expense of oils rich in saturated fatty acids
and polyunsaturated fatty acids, such as palm and soybean
oils, respectively, to reduce intermediate markers that may
be relevant to cardiovascular disease [5,6,7] or decreased
consumption of carbohydrate in the form of cereal grain
products, could significantly alter the composition of dietary
tocopherols and tocotrienols.

2. Relationship between vitamin E exposure assessed
by dietary intake and breast cancer

Data for a number of case-control studies of vitamin E
and breast cancer are summarized in Table 1, arranged in
ascending order for the lowest (referent) quantile for vita-
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min E intake, equating 1 mg of d-�-tocopherol with 1.49 IU
vitamin E [3]. One of the difficulties in interpreting case-
control studies relating dietary intake of vitamin E with
breast cancer concerns the extent to which having the diag-
nosis of breast cancer might bias reporting of previous
dietary intake, or whether a change in diet as a result of the
disease, should it occur, might be reflected in the reported
dietary intake. Two studies have directly addressed the issue
of recall, or reporting bias, in studies relating diet to risk of
breast cancer. One nested case-control study in a large
population of Canadian women compared prospective re-
ports of dietary intake with retrospective reports for the
same period collected 3–6 years later after some of the
women had been diagnosed with breast cancer [8]. That
study found that retrospective estimates of micronutrient
intake from foods, including vitamin E, were very similar to
the prospective values for both women who developed
breast cancer (cases) and the matched controls selected from
among the women who remained free of cancer during the
period of follow up (controls). Errors in reporting previous
use of supplementary vitamin E and other micronutrients
were similar for cases and controls [8]. Consistent with
those observations, the relative risks for the association of
vitamin E intake with breast cancer determined from the
prospective and retrospective dietary data were similar in
magnitude with overlapping 95% confidence intervals [8].
Those data suggest that for that population, the reporting of
past vitamin E intake was not biased in women with breast
cancer compared with controls [8].

In comparison, a study in Finnish women used another

approach to consider the extent to which reporting bias
confounded the association of dietary intake with risk of
breast cancer [9]. In this study, dietary intake was assessed
in women referred to the hospital for evaluation of a suspect
breast lump, and before the result of the evaluation had been
received. By this design, reporting of dietary intake could
not be biased by knowledge of breast cancer diagnosis,
since it was not known at the time, but could be influenced
by worry that the breast lump was indeed malignant [9].
From among the women referred for evaluation, women
with diagnosed breast cancer were considered cases while
those determined, after a similar evaluation, to be healthy
were considered referral controls. A second control group, a
random sample of population controls, was obtained by
drawing a random sample from the Finnish National Pop-
ulation Register covering the same catchment area, and
individually matching these women to the cases by age and
long-term residence (urban versus rural). By comparing the
dietary information obtained from the referral controls and
the population controls, it was possible for the investigators
to estimate the extent to which the threat of breast cancer
altered dietary reporting, and with that information, to cor-
rect the dietary information from women with diagnosed
breast cancer to estimate the association of dietary intake
with breast cancer risk, independent of the reporting bias
associated with the threat of the breast cancer diagnosis.
That study found that, compared with population controls,
dietary intake of vitamin E, as assessed by a validated food
frequency questionnaire, was biased in premenopausal
women referred for further evaluation of a breast lump who
were later found to be free of breast cancer [9]. Such women
over-reported vitamin E intake compared with the popula-
tion controls. When this reporting bias was accounted for,
the odds ratio of breast cancer for the highest quintile of
vitamin E intake was 0.5 (0.2–1.0, 95% confidence interval,
see also Table 1). Interestingly, such reporting bias was not
observed in postmenopausal women from the same popu-
lation with a suspicious breast lump [9].

Other observational designs that avoid recall bias that
threatens case-control studies are prospective studies, in-
cluding cohort studies and nested case-control studies, in
which the exposure is assessed before disease develops.
Furthermore, comparability of controls is less of an issue, as
the controls are either the remaining cohort free of breast
cancer or, for nested case-control studies, controls drawn
from the cohort from which cases develop. Table 2 presents
summary data for a number of prospective cohort studies
and a few nested case-control studies of vitamin E and
breast cancer. As for Table 1, these reports are arranged in
ascending order for the lowest (referent) quantile for vita-
min E intake, again equating 1 mg of d-�-tocopherol with
1.49 IU vitamin E [3]. Among case-control studies, odds
ratios for higher compared with lower vitamin E intake are
more favorable for those studies in which the lowest quan-
tile of vitamin E intake is �7 mg/day [9,10,11,12,13,14].
This level of vitamin E intake represents less than half of the

Fig. 1. Illustration of the chemical structures of the four tocopherols and
four tocotrienols that were previously considered forms of dietary vitamin
E [1,2,3]. Recent guidelines have equated �-tocopherol with vitamin E [3].
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currently recommended daily intake of 15 mg �-tocopherol
per day [3]. For studies reporting vitamin E intake in the
lowest quantile to be � 7 mg/day [9,10,11,12,14], the odds
ratio for breast cancer for premenopausal women in the

highest quantile of vitamin E intake is typically about 0.5,
indicating 50% protection. On the other hand, among the
studies for which vitamin E intake in the lowest quantile
was greater than 8 mg/day [15,16], all odds ratios for breast

Table 1
Breast cancer and exposure to vitamin E assessed by dietary intake: case-control studies

Population
(Reference)

Age or
menopausal
status1

Number
cases/control2

Source of
control3

Instrument
(item no.)4

Vit E
form5

Comparison6 Odds ratio
(95%% C.I.)7

Greek
women [10]

Pre
Post

270/505
550/1041

Hospital/visitor FFQ (115) IU �8.6 vs �5.2* 0.508 (0.25,1.02)
0.858 (0.53,1.36)

New York
women [11]

Pre-FH�
Pre-FH�
Post-FH�
Post-FH�

35/19
224/251
61/35
303/401

Community FFQ (171) IU �-T �10.4 vs �6.3* 0.19 (0,1.2)
0.59 (0.2,1.0)
0.79 (0.1,4.0)
0.59 (0.3,1.0)

Uruguay
women [12]

20–89
years

400/405 Hospital FFQ (64) mg 9.1 versus 4.7* 0.4010 (0.26,0.62)

Boston
women [13]

Post 313/349 Referral FFQ (116) mg Median 11.0 vs. 5.4*
Median 368 vs. 5.8*11

0.412 (0.2,0.9)
0.712 (0.4,1.3)

White N.Y.
women [14]

Pre 297/311 Community FFQ (172) mg �-T
mg �-T

�11 vs �6*
�31 vs 011

0.5513 (0.34,0.88)
0.9513 (0.58,1.55)

Finnish
women [9]

Pre
Pre14

119/324
119/178

Community
Referral

FFQ (110) mg �13 versus �7* 1.115 (0.5,2.6)
0.515 (0.2,1.0)

Italian
women [15]

Pre
Post

989/841
1577/1745

Hospital FFQ (78) mg �11.7 vs �8.5* 1.2716 (0.90,1.78)
1.1616 (0.92,1.46)

Finnish
women [26]

Pre
Post

14/21
18/13

Benign
Breast

FFQ (110) mg 8.2 vs 9.0**
6.9 vs 9.3**

—
—

French
women [16]

Pre
Post

138/294
246/289

Hospital FFQ (55) mg 24.3 versus �14* 1.217 (0.7,2.2)
1.317 (0.8,2.0)

French
women [31]

Pre
Post

57/45
63/64

Hospital FFQ (55) mg 29 versus 47**
46 versus 33**

—
—

Italian
women [18]

Pre
Post

988/843
1572/1742

Hospital FFQ (78) NS Highest vs lowest*
quintile

0.8018 (0.7,1.0)
0.7518 (0.6,0.9)

1 Pre indicates premenopausal women, Post indicates postmenopausal women, age in years is given if the publication provides that information but no
information about menopausal status. FH and FH� indicate women with and without a family history of breast cancer, respectively.

2 Numbers of case followed by the numbers of controls.
3 Hospital/visitor refers to a combined group of controls drawn in part from a hospitalized population and in part from visitors to the hospital. Referral

indicates women who underwent the same or similar diagnostic procedure as the cases but were found to be healthy. Benign Breast indicates benign breast disease.
4 FFQ indicates food frequency questionnaire, the number of items are given parenthetically.
5 Vitamin E form as specified in the publication where IU denotes international units while mg indicates milligrams, �-T indicates �-tocopherol. All

vitamin E is derived from food, except as noted. NS denotes not specified. Entries have been arranged in ascending order of vitamin E in referent category
(indicated by an asterisk; mean values for cases versus controls are indicated by two asterisks), equating each IU vitamin E reported in the various publications
with 0.67 mg d-�-tocopherol [3], and for the purpose of ordering the reports, assuming that mg vitamin E reported reflects �-tocopherol.

6 Unless indicated otherwise, comparisons are for the highest quantile (quintile, quartile, tertile) compared with the lowest quantile.
7 Odds ratio is given with the 95% confidence interval in parenthesis. Odds ratios that are significantly different from unity (at p � 0.05) are indicated in

bold typeface.
8 Adjusted for age, birthplace, body mass index, parity, age at first birth, age at menarche, and total energy intake; relatively little change for additional

adjustment for beta-carotene and vitamin C.
9 Adjusted for age, education, age at menarche, age at first pregnancy, body mass index, and total energy intake.
10 Adjusted for age, residence, urban/rural, family history of breast cancer, body mass index, age at menarche, parity, menopausal status, and total energy intake.
11 From supplements.
12 Adjusted for total energy intake, age, alcohol, age at first birth, parity, family history of breast cancer, age at menopause, age at menarche, history of

benign breast disease, body weight.
13 Adjusted for age, education, body mass index, parity, age at first birth, age at menarche, first degree relative with breast cancer, benign breast disease,

total energy intake.
14 This study also investigated postmenopausal women in whom no association of nutrients with risk of breast cancer was found.
15 Adjusted for age, geographic location (urban/rural), age at menarche, age at first full term pregnancy, use of oral contraceptives, use of estrogen

replacement therapy, family history of breast cancer, history of benign breast disease, education, alcohol, smoking, leisure activity, waist-to-hip ratio, and
energy intake.

16 Adjusted for age, geographic location, body mass index, total energy intake, beta carotene, alcohol, physical activity, and education.
17 Adjusted for age, history of benign breast disease, family history of breast cancer, age at menarche, age at first pregnancy, and education (no adjustment

for energy intake).
18 Adjusted for age, geographic location, education, parity/age at first birth, and energy intake.
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Table 2
Breast cancer and exposure to vitamin E assessed by dietary intake: Prospective studies

Population
(Reference)

Age or
menopausal
status1

Number
total/cases2

Follow up
time in years3

Instrument
(item no.)4

Vit E
form5

Comparison6 Relative risk
(95% C.I.)7

Females
nurses [21]

34–59
years

89,494/1439 Up to 8 FFQ (16/121)8 IU �24.1 versus �3.9*9

�60010 versus no use*
0.9010 (0.77,1.06)
1.0110 (0.69,1.49)

Women in
Iowa [22}

Post 21,782/570
34,387/879

Up to 7 FFQ (127) IU �9.6 versus �4.9*
�250 versus 0*11

1.0812 (0.74,1.58)
0.9612 (0.76,1.23)

Female
nurses [17]

Pre
Pre
Post
Post

53,938/784
53,938/784
29,296/1913
29,296/1913

Up to 14 FFQ (61/126)8 IU Median 10 versus 5*
Median 251 versus 5*9

Median 10 versus 5*
Median 251 versus 5*9

0.8113 (0.64,1.02)
1.2213 (0.98,1.52)
0.9613 (0.83,1.11)
0.8413 (0.72,0.96)

Swedish
women [24]

40–76
years

59,036/1271 Mean 8.6 FFQ (67) mg Median 9.3 versus
Median 3.8*

0.8314 (0.60,1.14)

N.Y. State
Cohort [118]

Post 18,586/359 Up to 7 FFQ (45) mg �9.3 versus �4.3* 0.8615 (0.61,1.21)

Netherlands Cohort
study [32]

Post 62,573/650 4.3 FFQ (150) mg Median 19.8 versus
median 6.9*

1.2516 (0.85,1.85)

Canadian
women [20]

40–59
years

1182/519 Up to 5 FFQ (86) mg �-T
mg
mg �-T
mg

�7 versus �3*
�25 versus �12*
�3 versus 0*11

�4 versus 0*11

1.0517 (0.65,1.70)
0.9617 (0.63,1.45)
1.2017 (0.83,1.75)
1.0017 (0.65,154)

Canadian Not 628/325 Prospective FFQ (86) IU 18.56 versus 18.19** 1.3218 (0.85,2.05)
women [8] provided 628/325 Retrospective 19.10 versus 18.78** 1.0218 (0.57,1.82)

Finnish
women [25]

�15 years 4697/88 Up to 25 Dietary
interview

NS Highest versus lowest*
tertile

1.0819

1 Pre indicates premenopausal women, Post indicates postmenopausal women. Age in years is given if the publication provided that information but no
information concerning menopausal status.

2 Numbers in the entire cohort for prospective cohort studies followed by number of incident cases, or for nested case-control studies, number of controls
followed by the number of cases.

3 Length of follow up in years is given for prospective cohort studies. Prospective and retrospective indicates results for dietary intake assessed
prospectively and retrospectively for a nest case-control study.

4 FFQ indicates food frequency questionnaire, the number of items are given parenthetically, Dietary interview indicates diet ascertained by interview.
5 Vitamin E form as specified in the publication where IU denotes international units while mg indicates milligrams, �-T indicates �-tocopherol. All

vitamin E is derived from food, except as noted. NS denotes not specified. Entries have been arranged in ascending order of vitamin E in referent category
(indicated by an asterisk; mean values for cases versus controls are indicated by two asterisks), equating each IU vitamin E reported in the various publications
with 0.67 mg d-�-tocopherol [3], and for the purpose of ordering the reports, assuming that mg vitamin E reported reflects �-tocopherol.

6 Unless indicated otherwise, comparisons are for the highest quantile (quintile, quartile, tertile) compared with the lowest quantile.
7 Relative risk is given with the 95% confidence interval in parenthesis. Relative risks that are significantly different from unity (at p � 0.05) are indicated

in bold typeface.
8 A baseline 61 item food frequency questionnaire was expanded to the larger number of items for serial collection of dietary data for later years of the

study.
9 From food and supplements.
10 Adjusted for age, length of follow up, energy intake, body mass index, parity, age at first birth, age at menarche, family history of breast cancer,

menopausal status, alcohol, history of benign breast disease.
11 From supplements.
12 Adjusted for age, age at menarche, age at menopause, age at first birth, parity, body mass index at baseline, body mass index at age 18, family history

of breast cancer, history of benign breast disease, alcohol, and education. Dietary vitamin E was adjusted for energy intake while supplemental vitamin E
was not adjusted for energy intake.

13 Adjusted for age, length of follow up, total energy intake, body mass index at age 18, weight change from 18 years, parity, age at first birth, age at
menarche, family history of breast cancer, alcohol, history of benign breast disease, and height. For postmenopausal women in addition by age at menopause
and postmenopausal hormone use.

14 Adjusted for age, family history of breast cancer, height, body mass index, education, parity, age at first birth, total energy intake, alcohol, fiber, and
monounsaturated fatty acids.

15 Adjusted for age and education.
16 Adjusted for age, energy intake, alcohol, history of benign breast disease, family history of breast cancer, age at menarche, age at menopause, age at

first live birth, parity.
17 Adjusted for age, energy intake, age at menarche, surgical menopause, age at first live birth, education, family history of breast cancer, history of benign

breast disease.
18 Adjusted for total energy intake.
19 Adjusted for age, body mass index, parity, region, occupation, smoking.
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cancer for higher versus lower vitamin E intake were greater
than 1, although not significantly so. This suggests that no
additional reduction in risk of breast cancer is conferred by
dietary vitamin E greater than about 8 mg/day. Thus, in
comparison to current guidelines [3], only women whose
dietary intake of vitamin E is less than 53% of the recom-
mended value appear to experience increased risk of breast
cancer. Generally, relative risks for the highest compared
with the lowest quantile of vitamin E intake are closer to 1
for the prospective studies reported in Table 2 than for the
case-control studies reported in Table 1. Potentially this
could be due in part to bias in reporting of dietary intake in
the case-control studies. In addition, it is possible that the
differences in the populations that were described may have
contributed to these differences.

Most of the case-control studies reported odds ratios
separately for premenopausal and postmenopausal women,
and, for populations with lower levels of vitamin E intake,
odds ratios for highest compared to lowest quantile of vi-
tamin E intake were typically lower for premenopausal than
postmenopausal women (Table 1). In comparison, most of
the prospective studies either reported on a combined pop-
ulation of premenopausal and postmenopausal women, or
only reported on postmenopausal women. One large pro-
spective study in female nurses has reported values for the
relative risk of breast cancer associated with the highest
quintile of vitamin E separately for premenopausal and
postmenopausal women [17]. After adjustment for age,
length of follow up, total energy intake, body mass index at
age 18, weight change from 18 years, parity, age at first
birth, age at menarche, family history of breast cancer,
alcohol, history of benign breast disease, and height, and
additionally in postmenopausal women for age at meno-
pause and postmenopausal hormone use, relative risks were
0.81 (0.64–1.02, 95% confidence interval) and 0.96 (0.83–
1.11) for premenopausal and postmenopausal women, re-
spectively. In comparison, a case-control study in Greek
women with similar low level of vitamin E intake reported
odds ratios of breast cancer for the highest compared with
the lowest quintile of vitamin E intake to be 0.50 (0.25–
1.02, 95% confidence interval) and 0.85 (0.53–1.36, 95%
confidence interval) for premenopausal and postmenopausal
women, respectively, after adjustment for age, birthplace,
body mass index, parity, age at first birth, age at menarche,
and total energy intake [10]. It is not clear what might
account for the more favorable estimates of the protective
effect of dietary vitamin E in the case-control [10] than the
prospective [17] study. However, the prospective study ad-
justed for several additional risk factors for breast cancer
that were not considered in the case-control study, including
previous benign breast disease [14,16], family history of
breast cancer [14,16], alcohol consumption [16], and for
postmenopausal women, age at menopause [16] and post-
menopausal hormone use [17]. Two other case-control stud-
ies in populations with higher vitamin E intakes [16] or
unspecified vitamin E intake [18] reported odds ratios for

breast cancer in quantiles with highest compared with the
lowest vitamin E intake to be not different from unity and
not different between premenopausal and postmenopausal
women. One of these studies also observed that odds ratios
for risk of breast cancer (adjusted for age, education, parity/
age at first birth, energy intake, and geographic location) for
the highest quintile of vitamin E intake compared with the
lowest quintile differed little among women �45, 45–54,
55–64, or �65 years [18]. Considering the available data, it
seems probable that the reduction in risk of breast cancer
associated with higher dietary vitamin E may be greater for
premenopausal than postmenopausal women [9,10,17].

The etiology of breast cancer in women with a family
history and those without a family history may differ, and it
is plausible that dietary factors, such as vitamin E, may
differentially influence risk of breast cancer in women with
and without this risk factor. Several studies have presented
data relevant to this point. A case-control study in women
from western New York compared women with primary
histologically confirmed breast cancer with controls drawn
from the community and matched to the cases by age and
county of residence [11]. Dietary intake was assessed by an
extensive food frequency questionnaire and food composi-
tion data that captured �-tocopherol intake from 252 foods.
Odds ratios were calculated for risk of breast cancer in the
highest compared with the lowest quartile of �-tocopherol
intake for women with and without a family history of
breast cancer. After adjustment for age, education, age at
menarche, age at first pregnancy, and body mass index, and
total energy intake, odds ratios were 0.2 (0.1–1.1, 95%
confidence interval) for women with a family history of
breast cancer and 0.4 (0.3–0.7, 95% confidence interval) for
women without a family history of breast cancer [11]. For
women without a family history of breast cancer, there was
a significant linear trend for reduced risk with higher intake
of �-tocopherol [11]. In a subsequent analysis, the authors
determined the odds ratio for breast cancer for the highest
compared with the lowest quartile of dietary �-tocopherol in
women stratified both by menopausal status and by family
history of breast cancer. This analysis indicated odds ratios
of 0.1 (0.0–1.2), 0.5 (0.2–1.0), 0.7 (0.1–4.0), and 0.5 (0.3–
1.0) for premenopausal women with a family history of
breast cancer, premenopausal women without a family his-
tory of breast cancer, postmenopausal women with a family
history of breast cancer, and postmenopausal women with-
out a family history of breast cancer, respectively [11].

More recently, a prospective study of 83,234 women,
ages 33–60 years at baseline, participants in the Nurses’
Health Study, reported on the role of family history of breast
cancer on development of breast cancer during up to 14
years of follow up [17]. Among the 53,938 women who
were premenopausal at baseline, 90 incident cases of breast
cancer developed in women with a family history of breast
cancer while 689 cases of incident breast cancer developed
in women without a family history of breast cancer. Within
this cohort, the relative risk for breast cancer during the
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follow up period for the highest quintile of vitamin E intake
was 0.57 (0.28–1.15, 95% confidence interval) for pre-
menopausal women with a family history of breast cancer
compared with 0.84 (0.66–1.07) for women without a fam-
ily history of breast cancer, after adjustment for age, length
of follow up, total energy intake, parity, age at first birth,
age at menarche, history of benign breast disease, alcohol,
body mass index at age 18, weight change from age 18
years, and height [17]. These relative risks are substantially
attenuated compared with odds ratios calculated from the
much smaller case-control study [11], which considered
about a third as many breast cancer cases. However, this
larger prospective study adjusted for several risk factors for
breast cancer that were not considered in the very small
case-control study, including parity [10,14,19], history of
benign breast disease [14,16], and alcohol consumption
[16]. Other differences between these studies, in addition to
the design (retrospective case-control versus prospective
study) were the adjustment of the odds ratios for educational
attainment, a risk factor for breast cancer in some popula-
tions [15,16,19], only in the case-control study [11], and the
assessment of different measures of vitamin E (total vitamin
E from food in the prospective study and dietary �-tocoph-
erol in the case-control study). Further investigation will be
needed to determine whether dietary vitamin E confers
differential protection from breast cancer in women with
and without a family history of breast cancer.

It is of interest to consider whether it is �-tocopherol or
perhaps �-tocopherol together with other tocopherols and
tocotrienols that might have been included in total dietary
vitamin E, that may protect against breast cancer. Among
the studies summarized in Tables 1 and 2, only three re-
ported data for dietary �-tocopherol [11,14,20]. Only one of
these studies, a nested case-control study in Canadian
women, reported data for both dietary �-tocopherol and
total dietary vitamin E [20]. In that study, dietary intake of
�-tocopherol, which was assessed by a food frequency
questionnaire containing 86 food items, accounted for only
about one third of total dietary vitamin E [20]. For that
population, the odds ratio for breast cancer in the highest
quantile of dietary �-tocopherol and total dietary vitamin E,
respectively, compared with the respective lowest quantile
were 1.05 (0.65–1.70) and 0.96 (0.63–1.45), very similar to
one another. Further studies, in which dietary intake of the
different tocopherols and tocotrienols are quantitated sepa-
rately, will be needed to sort out the relative roles of the
compounds in prevention of breast cancer.

Several studies have considered the influence of vitamin
E supplements, much of which would be in the form of
�-tocopherol, on risk of breast cancer. Two reports of the
association of vitamin E intake with risk of breast cancer in
the same cohort of more than 80,000 female nurses, one
after up to 8 [21] and the second after up to 14 [17] years of
follow up have investigated the role of vitamin E supple-
mentation. After 8 years of follow up, the multivariate
relative risk (adjusted for age, length of follow up, energy

intake, parity, age at first birth, age at menarche, family
history of breast cancer, menopausal status, body mass
index, alcohol intake, and history of benign breast disease)
for the highest compared with the lowest quintile of vitamin
E from food and supplements was 0.90 (0.77–1.06, 95%
confidence interval), and when vitamin E from supplements
only was considered, the relative risk was numerically in-
creased to 1.01 (0.69–1.49), providing no evidence for any
benefit from vitamin E supplements. After 14 years of
follow up, multivariate relative risks for premenopausal
women were 0.81 (0.64–1.02, 95% CI), 1.22 (0.98–1.52,
95% CI) for vitamin E from foods and from foods and
supplements, respectively. Corresponding relative risks for
postmenopausal women were 0.96 (0.83–1.11, 95% CI) and
0.84 (0.72–0.96, 95% CI), respectively [17]. Also in this
study, the investigators reported on the association of breast
cancer with both dose and duration of use of vitamin E
supplements. Compared with women who never used a
vitamin E supplement, the multivariate relative risk of
breast cancer for women (premenopausal and postmeno-
pausal combined) in the highest quintile of vitamin E sup-
plement use (�600 IU/day) was 0.92 (0.70–1.21). Also, the
relative risk for women using vitamin E supplements for �
10 years compared with those who never used a vitamin E
supplement was 1.11 (0.92–1.35). Similarly, the Iowa
Women’s Health Study, a cohort of 34,387 postmenopausal
women, reported that multivariate relative risks for breast
cancer (adjusted for age, energy intake, age at menarche,
age at menopause, age at first live birth, parity, body mass
index at baseline, body mass index at age 18, family history
of breast cancer, history of benign breast disease, alcohol
intake, and educational attainment) in postmenopausal
women in the highest quintile of vitamin E intake from food
only was 1.08 (0.74–1.58), compared with 1.05 (0.83–1.33)
when vitamin E from food and supplements was considered,
and 0.96 (0.76–1.23) for the highest quintile of vitamin E
supplement compared with no supplemental vitamin E [22].
Importantly, these relative risks were not altered when
women who developed breast cancer during the first two
years of follow up, who may have had early stage (not
detectable) cancer at baseline, were excluded [22]. One
other prospective study reported no association of use of
vitamin E supplement with risk of breast cancer in an
elderly cohort of women [23]. Two other studies, a nested
case-control study [20] and a case-control study [14] also
provide evidence that both �-tocopherol [14,20] and total
vitamin E [20] supplements are not associated with reduced
(multivariate) odds of breast cancer. Thus, together these
studies suggest that �-tocopherol has no influence on risk of
breast cancer in women.

One study in the Swedish Mammography Screening Co-
hort, a large population-based cohort study [24] is of inter-
est. This study not only considered the association of dietary
vitamin E with risk of breast cancer but also considered
several subgroups within the cohort with the intent to gain
insight into to the mechanism(s) by which vitamin E could
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influence risk of breast cancer. Overall, after adjustment for
age, family history of breast cancer, height, body mass
index, education, parity, age at first birth, total calorie in-
take, and intake of alcohol, fiber, and monounsaturated fatty
acids, the hazard ratio for breast cancer was 0.83 (0.60–
1.14, 95% confidence interval) for women in the highest
compared with the lowest quintile of vitamin E intake [24].
Hazard ratios for the highest compared with the lowest
quintile for vitamin E intake for subgroups stratified by
body mass index (�25 versus �25 kg/m2), high versus low
intake of linoleic acid (�4 versus �6 g/day), and the sub-
group with both higher body mass index and higher linoleic
acid intake all were similar and not significantly different
from unity [24], suggesting that higher vitamin E intake did
not confer protection from breast cancer in any of these
subgroups.

One very abbreviated report for Finnish women is wor-
thy of note because of its prolonged length of follow up
[25]. In this study, data for baseline diet was collected by a
dietary history interview method in women 15 years of age
and older and initially free of cancer. During 25 years of
follow up, 88 of the original 4697 women developed breast
cancer, resulting in a relative risk of breast cancer for the
highest tertile of vitamin E intake compared with the lowest
of about 1.0, after adjustment for age, body mass index,
parity, geographic location, occupation, and smoking [25].
Unfortunately, no information was provided for the range of
vitamin E intake or for premenopausal compared with post-
menopausal women.

Overall, observational studies of the association of vita-
min E with breast cancer risk suggest the possibility that
increased dietary exposure to vitamin E may slightly reduce
breast cancer risk. It is possible that certain subgroups, such
as premenopausal women and those with a family history of
breast cancer, may derive more protection from breast can-
cer with higher levels of dietary vitamin E. However, there
is no evidence that supplemental vitamin E, most, if not all
of which is in the form of �-tocopherol, confers any pro-
tection from breast cancer.

3. Concerns regarding investigation of the relationship
between vitamin E, other tocopherols, and the
tocotrienols and breast cancer by dietary intake

Assessment of dietary intake in large populations is only
feasible with simple instruments such as food frequency
questionnaires. However, even the best of such instruments
for assessing dietary intake are relatively crude and show
only modest correlations with dietary intake as assessed by
more precise and valid measures. For example, a large
prospective study of diet and breast cancer incidence re-
ported a correlation of 0.55 between vitamin E assessed by
five 24 hr dietary recalls and by a 127 item food frequency
questionnaire [22]. A small case control study reported that

the correlation between vitamin E intake assessed by 14 day
diet records and by a 110 item food frequency questionnaire
was 0.68 [26]. However, another large prospective study of
breast cancer incidence in Swedish women reported that the
correlation between vitamin E intake as assessed by a more
qualitative food frequency questionnaire containing only 67
items and as assessed by records of the types and weights of
all foods consumed was only 0.30 [24].

A further difficulty in the interpretation of studies of
dietary intake is the extent to which dietary tocopherols and
tocotrienols are included in the analysis, and whether and in
what way data for tocopherols and tocotrienols are com-
bined or reported. For example, one accepted practice has
been to combine the different dietary tocopherols and toco-
trienols using weighting factors that are thought to reflect
biological activity [4,27,28,29]. Among naturally occurring
sterioisomers (RRR tocopherols and R tocotrienols), with
�-tocopherol as 100%, weighting factors for �-, �-, and
�-tocopherol are reported to be 12–50%, 1–35%, and 0.3–
3%, while weighting factors for �-, �-, �-, and �-tocotrienol
are reported to be 17–30%, 1–5%, 10%, and 0%, respec-
tively [4,27,28,29]. These broad ranges of activity reflect
the different bioassays that were used. Often, for a given
report, the specific weighting factors used for these dietary
tocopherols and tocotrienols are not clear. Until recently [3],
it was recommended that vitamin E activity derived from
natural sources in the diet be expressed as �-tocopherol
equivalents (�-TE) [27], using weighting factors of 0.5, 0.1,
and 0.3 for the milligrams of �- and �-tocopherol and
�-tocotrienol, respectively. However, it often is not clear
how values for vitamin E that are reported have been com-
puted; specifically, it is not clear which weighting factors
were used and the extent to which dietary tocotrienols might
have been included in computations. In other cases, dietary
tocopherol is reported, and it is not clear whether this
reflects the summation of all dietary tocopherols directly, or
whether weighting factors such as those indicated above
have been applied. Thus, the available literature on vitamin
E or tocopherol and risk of breast cancer can provide little
if any insight into the role that different tocopherols or the
tocotrienols play in influencing risk of breast cancer.

A further concern relates to the complication of studies
of dietary intake by the food matrix from which tocopherols
and tocotrienols are obtained. As discussed above, toco-
pherols and tocotrienols are present in the oil fraction of
cereals, seeds, and nuts [1], food sources that are rich
sources of fatty acids. Evidence suggests that �–6 polyun-
saturated fatty acids may increase risk of breast cancer
while monounsaturated fatty acids may be protective [30]. It
is well known that nutrient intake is correlated with total
energy intake; thus studies of dietary intake of vitamin E or
tocopherol commonly adjust intake of these nutrients for
total energy intake [8,9,10,11,12,13,14,15,17,18,20,21,22,
24,26,31,32]. However, the importance of adjusting intake
of fat soluble nutrients such as vitamin E, other tocopherols,
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and tocotrienols for individual fatty acids is less well ap-
preciated. Among the studies summarized in Tables 1 and 2,
only one adjusted dietary vitamin E for intake of specific
fatty acid classes, and this study only did so for monoun-
saturated fatty acids [24]. In future studies directed toward
understanding the role that tocopherols and tocotrienols
play in breast cancer, it will be necessary to consider the
level and composition of dietary fatty acids.

4. Relationship between vitamin E exposure assessed
by blood levels and breast cancer risk

A number of case control studies [19,31,33,34,35,36] or
nested case-control studies [37,38,39,40] have reported on
blood levels of vitamin E in samples stored at or above
-20°C for several to many years [31,37,38,39,40] or for an
unspecified time [19,33,35,36], or did not report the condi-
tions under which plasma or serum was stored before anal-
ysis [34]. However, in the early to middle 1990’s it became

clear that significant losses of vitamin E occur in plasma and
whole blood stored at -20°C even for as little as 24 months
[41,42]. Importantly, when values for 55 plasma samples,
measured after 24 months of storage at -20°C were com-
pared with those measured in fresh samples, only 1/3 of
samples remained in the same tertile as in the original
analysis and almost 1/3 were classified in the opposite tertile
on the repeat analysis [42]. This makes interpretation of
results of any epidemiological study relying of measure-
ments of vitamin E in blood, serum or plasma stored at
-20°C very tenuous. Thus, the discussion of this review will
be limited to those studies that took the precaution of storing
serum, plasma or whole blood at -70°C before measurement
of �-tocopherol, other tocopherols or the tocotrienols.

After exclusion of the studies that did not store serum
samples appropriately before analysis, only a limited num-
ber of studies remain. These data are summarized in Table
3. As shown in Table 3, there are data for four case-control
studies in which serum samples were stored properly.
Among these studies, one large study in women in Boston

Table 3
Breast cancer and exposure to vitamin E assessed by serum levels: Retrospective and propective case-control studies

Population
(Reference)

Age or
menopausal
status1

Number
cases/control2

Source of
control3

Form
Vit E4

Comparison5 Statistical test6

Retrospective case-control studies
Boston

women [13]
Post 377/403 Referral �-tocopherol Median 48 vs

median 22
OR: 0.87 (0.5,1.2)

Korean
women [47]

Mean 38–44
years

44/46 Benign
Breast

�-tocopherol
�-tocopherol

18.2 � 2.0 vs 19.8 � 2.18

3.8 � 0.4 vs 3.8 � 0.48
—
—

Indian
women [49]

Pre
post
post

28/23
29/19

Hospital Not
specified

38.4 � 1.1 vs 24.9 � 0.98

29.9 � 1.4 vs 24.6 � 1.08
t-test: p � 0.05
t-test: p � 0.02

Detroit
women [48]

Mean
years

27/28 Mammo. �-tocopherol
�-tocopherol

�20.5 versus �35
�2.12 versus �7.57

OR: 0.769 (0.10,5.75)
OR: 0.319 (0.04,1.93)

Prospective nested case-control studies
Wash. Co.

Maryland [50]
Post 30/59 Cohort (14) �-tocopherol Cases � 0.2510

controls � 0.2410
—

Columbia
Missouri [51]

Mean 58
years

105/203 Cohort
(up to 9.5)

�-tocopherol �31.3 vs �21.6 OR:1.211 (0.5,2.8)

1 Post indicates postmenopausal women, Pre indicates premenopausal women. Mean age or age range is given if the publication provided that information
but no information concerning menopausal status.

2 Number of cases followed by the number of controls.
3 Referral indicates women who underwent the same or similar diagnostic procedure as the cases but were found to be healthy, Benign Breast indicates

benign breast disease, Hospital indicates patients admitted to the hospital with minor surgical problems other than breast disease or malignancy, Mammo.
indicates normal women recruited at mammography screening. For nested case-control studies, the control is indicated as Cohort with years of follow up in
parenthesis.

4 Indicates whether the serum measurement is for �-tocopherol, or another tocopherol, or for undetermined tocopherols termed vitamin E. Values are given
in units of �mol/L.

5 Unless indicated otherwise, comparisons are for the highest quantile (quintile, quartile, tertile) compared with the lowest quantile.
6 OR indicates odds ratio which is given with 95% confidence interval in parenthesis. t-test indicates Students t-test.
7 Adjusted for age, alcohol intake, age at first birth, parity, family history of breast cancer, age at menopause, age at menarche, body weight, history of

benign breast disease, and plasma concentrations of cholesterol, HDL cholesterol, and triglycerides.
8 Value for control compared with case � SEM.
9 This study included approximately equal numbers of African American and Caucasian women. The odds ratio reported in the publication is for the lowest

quartile compared with the highest quartile. The odds ratio was adjusted for race.
10 As given in the publication. It is likely that an error of a factor of 100 was made.
11 Matched on age, benign breast disease, time of blood collection; adjusted for serum cholesterol, smoking, and body mass index.
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reported on �-tocopherol concentrations in serum of post-
menopausal women with breast cancer compared with con-
trols who underwent the same or similar diagnostic proce-
dure at the same institution, and who either did not require
a breast biopsy or whose breast biopsy revealed normal
tissue or nonproliferative benign breast disease [13]. In this
population of postmenopausal women, the odds ratio for
breast cancer for women with the highest compared with the
lowest quartile of �-tocopherol in serum was 0.8 (0.5–1.2)
after adjustment for age, alcohol intake, age at first birth,
parity, family history of breast cancer, age at menopause,
age at menarche, body weight, history of benign breast
disease, and serum cholesterol, HDL cholesterol, and tri-
glyceride concentrations [13]. The adjustment for these lip-
ids, in addition to the risk factors for breast cancer, is
important because tocopherols correlate with plasma lipids
and lipoproteins [43,44,45,46]. The remaining three case-
control studies included very small numbers of women and
did not adjust concentrations of the measured �- or �-to-
copherol [47,48] or vitamin E [49] for either risk factors for
breast cancer or any measure of plasma lipids. Among these
smaller studies, one reported higher concentrations of �-to-
copherol in plasma of both premenopausal and postmeno-
pausal breast cancer patients, but this study also reported
differences in lipids and lipoproteins between these cases
and their respective controls [49], potentially confounding
the observations for plasma �-tocopherol. The same study
reported no difference in plasma vitamin E concentrations
among women with differing stage of breast cancer [49],
however, lack of adjustment for plasma lipids complicates
interpretation of such data.

Two prospective nested case-control studies reported on
the prognostic value of �-tocopherol concentrations in se-
rum [50,51]. Of these, the more recent larger study in older
women of whom about 80% were postmenopausal [51]
reported a relative risk of 1.2 (0.5–2.8) for breast cancer for
the highest quartile of serum �-tocopherol compared with
the lowest quartile for an analysis that involved matching on
age, benign breast disease, time of blood collection and
adjustment for serum cholesterol, smoking, and body mass
index. The smaller, older study, which did not adjust serum
�-tocopherol in any way, reported no differences in con-
centrations of �-tocopherol among women who did and did
not develop breast cancer during up to 14 years of follow up
[50]. Thus, if one considers only reports for which data were
collected from serum or plasma properly stored to preserve
vitamin E and the other tocopherols and tocotrienols, there
is no convincing evidence that either higher or lower �- or
�-tocopherol influence risk of breast cancer in women. Po-
tentially, this apparent discrepancy with data for dietary
intake of vitamin E may be related to differing transport and
metabolism of �-tocopherol and other tocopherols and to-
cotrienols (see below) that may have been included in com-
putations of dietary vitamin E.

5. Relationship between vitamin E exposure assessed
by adipose tissue concentrations and breast cancer
risk

Several studies that carefully collected adipose tissue and
stored this tissue at -70°C or lower before analysis have
investigated the relationship between breast adipose tissue
tocopherols and breast cancer risk. One case-control study
assessed �-tocopherol concentrations in breast adipose tis-
sue from patients with early invasive breast carcinoma com-
pared with those with non malignant tumors in a mixed
population of premenopausal and postmenopausal women
[52]. In that study, the concentration of �-tocopherol was
6-fold higher for breast adipose tissue of the women with
non-malignant tumors (controls) than for breast adipose
tissue of those with invasive breast carcinoma [52]. How-
ever, the women with malignant tumors were on average 9
years older than the controls. The investigators did not
adjust for this age difference, or for any reproductive risk
factors [10,14,16,19] for breast cancer. Other potential con-
founding factors that were ignored were body mass index,
which is not only a risk factor for breast cancer [10,14,16]
and also is important because tocopherols and tocotrienols
are distributed among the body fat stores, adipose tissue
cholesterol and triglyceride concentrations, which are im-
portant because of the relationships between adipose tissue
vitamin E and these factors [53,54,55], and fatty acid com-
position, which influences the vitamin E requirement [56].
Another smaller case-control study reported on the compar-
ison of breast adipose tissue concentrations of tocopherol
(forms not specified) for women with early breast cancer
compared with those with benign breast disease, stratified
by menopausal status [26]. Among premenopausal women,
and after adjustment for age and body mass index, breast
adipose tissue tocopherol concentrations did not differ be-
tween cases and controls (100 � 13 versus 104 � 12 mg/g,
mean � SEM). Compared with premenopausal women,
breast adipose tissue tocopherol concentrations tended to be
lower for postmenopausal women, and were significantly
lower for postmenopausal breast cancer cases compared
with postmenopausal controls, after adjustment for age and
body mass index (69 � 5 versus 90 � 8 mg/g) [26]. This
study also did not adjust breast adipose tissue concentra-
tions of tocopherol for reproductive and other risk factors
for breast cancer. Because neither of these studies controlled
for risk factors for breast cancer or used appropriate adjust-
ment for all factors known to influence adipose tissue vita-
min E, and because different measures of vitamin E were
assessed (�-tocopherol versus unspecified forms(s) of to-
copherol), it is difficult to draw any conclusions from these
data.

The European Community Multicentre Study on Anti-
oxidants, Myocardial Infarction, and Cancer of the Breast, a
large case control study among postmenopausal women
from five European countries, reported on the association of
breast cancer with �-tocopherol exposure as assessed by
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buttocks adipose �-tocopherol concentration [57]. This
study included more than three times the numbers of cases
and controls as were involved in the two studies discussed
above. Cases were women with newly diagnosed breast
cancer histologically classified as ductal carcinoma without
metastasis. Controls were women drawn from the popula-
tion in the same catchment area and without a history of
breast cancer. In this study, the odds ratio for breast cancer
for the highest tertile of adipose tissue �-tocopherol com-
pared with the lowest was 1.15 (0.75–1.77), after adjust-
ment for age, geographic location, parity, age at first birth,
and alcohol [57], suggesting that �-tocopherol, as assessed
in buttocks adipose tissue, was unrelated to risk of breast
cancer. However, again unfortunately no adjustment was
made for adipose tissue fatty acid composition, or adipose
tissue cholesterol and triglyceride, or body mass index.

One study in women with breast cancer reported on the
detection of each of the tocopherols (�, �, �, �) and both �-
and �-tocotrienol in breast adipose tissue for women with
breast cancer [58]. Unfortunately, that study did not include
comparative data for women without breast cancer [58].
Information regarding the prognosis of women with breast
cancer in relation to breast adipose tissue concentrations of
tocopherols and tocotrienols would provide insight into the
roles that tocopherols and tocotrienols might play in breast
cancer. However, no such information is yet available. Data
indicate that concentrations of tocopherols and tocotrienols
are similar for adipose tissue adjacent to, and distant from,
the breast tumor [58]. Another study also reported that
concentrations of �- and �-tocopherol for cancerous breast
did not differ from the corresponding concentrations for
noncancerous breast from the same women [59]. Thus,
these studies suggest that the tumor did not have any local
effect on concentrations of these tocopherols and tocotrien-
ols in breast adipose tissue or the breast overall. Further
study will be needed to determine how breast epithelial
and/or adipose tissue concentrations of tocopherols (�, �, �,
�) and tocotrienols (�, �, �, �) might influence risk of breast
cancer in women.

6. Importance of tocopherol and tocotrienol transport
and metabolism to the perceived influence of vitamin
E on breast cancer risk

Absorption of tocopherols and tocotrienols requires ad-
equate fat [60]. Fortunately, most of the dietary tocopherol
and tocotrienol occurs in foods together with fat [1]. How-
ever, supplemental �-tocopherol may or may not be con-
sumed with the necessary fat to promote absorption, and
thus may or may not contribute to plasma �-tocopherol
concentrations. The same would apply to supplements of
the other tocopherols or the tocotrienols. A recent study
specifically investigated absorption and metabolism of a
300 mg dose of mixed tocotrienols administered either in
the fasted state or with a high fat meal [61]. That study

demonstrated that peak plasma concentrations of the indi-
vidual tocotrienols (�, �, and �), and the area under the
plasma concentration-time curves for these tocotrienols (a
parameter indicative of the average exposure of tissues to
these tocotrienols), were 60–72% and 59–65% lower, re-
spectively, after administration of the tocotrienol prepara-
tion in the absence of food [61]. While that study did not
observe any effect of the fatty meal on the rates of clearance
of the tocotrienols from the plasma, tocotrienols were
cleared from the plasma more rapidly than reported values
for �-tocopherol [61], consistent with the well known dif-
ferences in metabolism of tocotrienols and �-tocopherol as
discussed in more detail below.

All tocopherols and tocotrienols are equally absorbed
and appear in the blood in chylomicrons during fat absorp-
tion [46,60]. In addition, data suggests that the absorption of
the individual tocopherols is unaffected by large amounts of
the other tocopherols [3,60]. During the postabsorptive
phase, chylomicrons containing tocopherols and tocotrien-
ols are cleared from the blood by uptake by the liver,
adipose tissue, and other tissues [46]. The liver tocopherol
binding protein selectively recycles �-tocopherol by pack-
aging and secreting �-tocopherol in lipoproteins [60,62]. A
small amount of �-tocopherol is secreted in lipoproteins
because �-tocopherol competes with �-tocopherol for bind-
ing to the tocopherol binding protein. However, when �-to-
copherol supplements are consumed with sufficient fat to
promote absorption, the large influx of �-tocopherol into the
liver favors the binding of �-tocopherol to the tocopherol
binding protein, and the secretion of only �-tocopherol from
the liver into the plasma [60,62]. Even in the absence of
supplemental �-tocopherol, �- and �-tocopherol and the
tocotrienols are not secreted from the liver [60]. During
�-tocopherol supplementation, plasma concentrations of to-
copherols other than �-tocopherol and the tocotrienols are
reduced [63].

As a result of these metabolic differences, during the
postabsorptive phase blood concentrations of �-tocopherol
remain relatively stable while those of other tocopherols and
the tocotrienols decline [46,60,62]. Under such circum-
stances, a single measure of plasma concentrations of indi-
vidual tocopherols and tocotrienols cannot provide an ac-
curate measure of exposure to these dietary constituents
[64]. Furthermore, at higher levels of �-tocopherol intake,
plasma concentrations of �-tocopherol are not linearly re-
lated to �-tocopherol intake, due to both decreased frac-
tional absorption and regulation of the secretion of �-to-
copherol on lipoproteins by the tocopherol binding protein
[3,60].

As discussed above, all of the tocopherols and both �-
and �-tocotrienol have been identified in human breast
[59,65] and breast adipose tissue [26,52,58] while �- and
�-tocopherol have been measured in a number of reproduc-
tive tissues [65]. Another study showed that both �- and
�-tocopherol are present in collecting duct of the breast
[66]. The ratio of �-tocopherol/�-tocopherol is the same for

11D.C. Schwenke / Journal of Nutritional Biochemistry 13 (2002) 2–20



breast adipose tissue and collecting duct, although absolute
concentrations are lower in the collecting duct [66]. In
addition, each of �-, �-, �-, and �-tocopherol have been
detected in breast milk of normal healthy women [67].
Importantly, the ratio of �-tocopherol/�-tocopherol in hu-
man breast milk is higher than that in plasma, and is sup-
pressed less by �-tocopherol supplementation than is the
plasma �-tocopherol concentration [66]. Concentrations of
the various tocopherols and tocotrienols differ among tis-
sues [53,66]. However, evidence suggests that there is little
difference in �-tocopherol concentrations among breast ad-
ipose tissue and adipose tissue from the axilla or the sub-
cutaneous abdominal fat depot from the same women [66].
Importantly, in human beings, �-tocopherol is enriched in
adipose tissue and several other tissues compared with what
might be expected from the ratio of �-tocopherol/�-tocoph-
erol in plasma [68]. Similarly, a study in hamsters showed
that for adipose tissue, the ratio of tocotrienols:tocopherols
was almost as high as in the diet, even as the ratio of
tocotrienols:tocopherols in plasma was much lower [46].
Potentially this can be explained by transport of tocotrienols
into adipose tissue along with triglycerides in chylomicrons
[46]. Other data also indicate that ratios of the tocotrienols
to �-tocopherol and �-, �-, and �-tocopherol to �-tocoph-
erol in the blood underestimate the corresponding ratios in
both the diet and adipose tissue [46,54,66,68]. Furthermore,
absolute values for concentrations of �-tocopherol are about
ten times as high for breast adipose tissue as for plasma
[66]. Together, such data suggest that concentrations of �-,
�-, and �-tocopherol and �-, �-, �-, and �-tocotrienol in
breast adipose tissue may be more than ten-fold the corre-
sponding concentrations in plasma. Importantly, tocopherol
concentrations of adipose tissue require more than a year to
reach a new steady state when the composition of ingested
tocopherols is dramatically altered, compared with only a
few weeks for plasma tocopherol concentrations [55]. Thus,
adipose tissue provides a better measure of long term to-
copherol intake (and most likely also tocotrienol intake)
than do plasma concentrations.

Thus, whether or not tocopherols and tocotrienols have
similar or different biological effects, given the differences
in transport and metabolism among �-tocopherol, the other
tocopherols, and the tocotrienols, it is not surprising that
studies that assessed different measures of dietary, blood, or
adipose tissue vitamin E (or different forms of vitamin E,
�-tocopherol only, total tocopherol, or total vitamin E-in-
cluding the contribution of tocotrienols) found different
relationships between vitamin E and breast cancer.

7. Inhibition of breast cancer by tocopherols and
tocotrienols in experimental animals

Vitamin E deficiency increases the incidence [69,70] and
reduces the latency [69] of mammary tumors in experimen-
tal animals. This is consistent with the observational studies

in human individuals that suggest that only dietary vitamin
E less than about half of the recommended intake [3] ap-
pears to be associated with increased risk of breast cancer
[9,10,11,12,13,14]. Compared with vitamin E adequate di-
ets, most [70,71,72,73,74] but not all [75,76] studies of
�-tocopherol supplementation alone found that intervention
to have little effect on chemically-induced mammary tu-
mors in animals. Again, this is consistent with observational
studies in women, discussed above, that suggest that sup-
plemental �-tocopherol confers no protection from breast
cancer. However, many studies in experimental animals
consistently reported that �-tocopherol supplementation po-
tentiated the reduction in mammary tumor incidence and
prolongation of mammary tumor latency by supplemental
selenium [71,77,78,79,80]. Further studies will be needed to
determine whether selenium and �-tocopherol supplemen-
tation may interact to reduce risk of breast cancer in women.
Several studies have provided inconsistent results for the
influence of the tocotrienol-rich fraction of palm oil on
chemically induced mammary carcinogenesis in rats [74,
81]. Unfortunately, neither of these studies reported plasma
or tissue concentrations of tocopherols or tocotrienols.
Thus, it is difficult to know the relevance of such data to
breast cancer in women.

8. Effects of tocopherols and tocotrienols on
proliferation of breast cancer cells. Role of the
estrogen receptor

A number of studies have reported on the ability of
�-tocotrienol [82,83,84], �-tocotrienol [82,83,84], �-toco-
trienol [82,83,84] or the tocotrienol-rich fraction from palm
oil (which also contains some �-tocopherol) [83,84,85] to
inhibit proliferation of estrogen receptor (ER) positive hu-
man MCF-7 [82,83] and ZR-75–1 [84] breast cancer cells
and ER negative MDA-MB-231 [82] and MDA-MB-435
[83,85] breast cancer cells. Values for concentrations of
these tocotrienols that inhibited growth of breast cancer
cells 50% (IC50), either as presented in those reports or as
interpolated from the graphs presented, are summarized in
Table 4. As shown, IC50 for the tocotrienols ranged from
5–18 �mol/L for estrogen-receptor positive breast cancer
cells and were 10–20 fold higher for estrogen receptor
negative cells. For estrogen receptor positive breast cancer
cells cultured in the absence of estrogen, �- and �-tocotri-
enol were equally potent inhibitors of cell proliferation and
more effective than �-tocotrienol [83,84]. For estrogen re-
ceptor negative MDA-MB-435 cells, �- and �-tocotrienol
were equally potent inhibitors of proliferation and about 1/3
as potent as �-tocotrienol [83]. For the growth inhibitory
tocotrienols, most of the cells were viable even at the IC50

for these compounds, suggesting that the antiproliferative
effects of these compounds were not due to cytotoxicity
[83]. In contrast to the growth inhibitory effects of the
tocotrienols, many studies [82,84,85,86] found �-tocoph-
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erol not to influence proliferation of ZR-75–1 [84], MDA-
MB-435 cells [83,85], or MDA-MB-231 cells [82,86] at the
highest concentrations tested, which were often as high as
1000 �mol/L. For MCF-7 cells, the literature is inconsistent
[83,87,88]. However, even those studies that found �-to-
copherol to inhibit growth of MCF-7 cells found that con-
centrations of �-tocopherol required for 50% growth inhi-
bition were more than 20-fold higher than the growth
inhibitory concentrations of the tocotrienols [83].

Comparison of data from the multiple reports shown in
Table 4, and data presented in reference [87] suggest that
the low growth inhibitory effect of �-tocopherol is en-
hanced as cells are exposed to �-tocopherol for longer
periods of time. However, even after exposure to cells for as
long as 12 days, the IC50 for growth inhibition by �-tocoph-
erol in MCF-7 cells was about 7–20 fold as high as those for
the tocotrienols in the same cell line exposed to tocotrienols
for only 5 days (Table 4). Limited data suggest that growth
inhibitory effect of the tocotrienols on breast cancer cells is
maintained or increases with duration of exposure to the
tocotrienols during up 10 days exposure [85,89]. Thus, it
seems unlikely that, after prolonged exposure, the growth
inhibitory potency of �-tocopherol would approach that of
the tocotrienols. However, the limited data (Table 4) and
different durations of exposure used in the various studies
make it difficult to draw conclusions concerning the relative
susceptibility of estrogen receptor positive and estrogen
receptor negative breast cancer cells to the growth inhibi-
tory effects of the tocotrienols.

Several studies have investigated potential mechanism(s)
by which tocotrienols inhibit breast cancer cell proliferation
[82,90]. As yet, the mechanism(s) by which tocotrienols

inhibit breast cancer cell proliferation remain to be deter-
mined. However, it appears that the growth regulatory ef-
fects of the tocotrienols are independent of mutated ras and
p53 functions [90] and do not involve increased expression
of growth inhibitory insulin-like binding proteins [82] or
altered expression of the estrogen-regulated gene pS2 (sug-
gesting that tocotrienols do not inhibit breast cancer cell
growth by estrogen-receptor mediated pathways) [82].

9. Effects of tocopherols and tocotrienols on
proliferation of breast cancer cells. Role of estrogen
and estrogen agonists/antagonists

Importantly, �-, �-, and �-tocotrienol [82,83,84] and the
tocotrienol-rich fraction from palm oil [82,83,84] inhibited
proliferation of MCF-7 [82,83] and ZR-75–1 [84] cells both
in the absence and the presence of estradiol. In the presence
of pharmacological (10-8 mol/L) concentrations of estradiol,
both cell lines demonstrated consistently declining growth
with exposure to increasing concentrations of the tocotrie-
nol-rich fraction of palm oil [82,84]. A similar response was
also observed for MCF-7 cells cultured in the absence of
estradiol [82]. In the absence of estrogen, growth of the
ZR-75–1 cells was inhibited for all concentrations of the
tocotrienol-rich fraction �2 �mol/L, and strongly inhibited
for �-, �-, and �-tocotrienol individually at �7–10 �mol/L
[84]. However, low concentrations (�2 �mol/L) of the
tocotrienol-rich fraction of palm oil and slightly higher
concentrations (up to 4–5 �mol/L) of �-, �-, and �-tocotri-
enol promoted growth of ZR-75–1 cells [84]. This is of
potential concern. However other experiments in the ab-

Table 4
Inhibition of proliferation of breast cancer cells by tocopherols and tocotrienols: concentrations required to inhibit growth 50% (IC50)1

Cell line (reference) Expose time
(days)

�-Tocopherol Tocotrienols2 TRF3

�-T-3 �-T-3 �-T-3

Estrogen receptor negative cells
MDA-MB-231 [86] Up to 5 �1004 — — — —
MDA-MB-435 [83]5 2 �23204 212 � 7 73 � 5 227 � 8 439 � 7
MDA-MB-435 [85]5 2 days �23204 — — — 439
Estrogen receptor positive cells
MCF-7 [88] 4–7 �10004 — — — —
MCF-7 [83]5 5 290 � 7 14 � 0.7 4.9 � 0.2 5.0 � 0.1 9.8 � 0.2
MCF-7 [87]6 3 �10004 — — — —
MCF-7 [87]6 12 �100 — — — —
ZR-75-1 [84]6 12 �234 18 10 9 13
ZR-75-1 [84]6,7 12 �234 5 6 9 13

None of these studies, nor any other published reports, invested the influence of �-, �-, �-tocopherol or �-tocotrienol on breast cancer cell proliferation.
All cells were cultured in the presence of 5–10% serum. No estrogen was present except as indicated for ZR-75-1 cells.

1 Concentrations are given in �mol/L with SEM (if provided in the publication); — indicates not tested.
2 �-T-3, �-T-3, �-T-3; �-tocotrienol, �-tocortrienol, and �-tocotrienol, respectively.
3 Tocotrienol rich fraction from palm oil.
4 �50% inhibition of cell growth at the indicated concentration, which was the maximum concentration that was tested.
5 Concentrations shown in this report as �g/ml have been converted to �mol/L for presentation here.
6 Values interpolated from data presented in figures.
7 In the presence of 10�8 mol/L estradiol.
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sence of estrogen, or when estrogen might be expected to be
functionally absent, are more reassuring. Specifically, in the
presence of both10-8 mol/L estradiol and 10-8 mol/L of the
antiestrogen ICI 161 384, low concentrations of the tocot-
rienols did not stimulate growth of ZR-75–1 cells, and the
individual tocotrienols were potent inhibitors of growth of
ZR-75–1 cells at higher concentrations (IC50 7–18 �mol/L)
[84]. In addition, ZR-75–1 cells grown in the absence of
estradiol and in the presence of 10-7 or 10-8mol/L tamoxifen
could be further growth inhibited by 1–13 �mol/L concen-
trations of �-, �-, and �-tocotrienol [84].

In a particularly comprehensive study, Guthrie et al.
investigated the influence of the tocotrienol-rich fraction of
palm oil, �-tocopherol, �-, �-, and �-tocotrienol, and ta-
moxifen on proliferation of MCF-7 and MDA-MB-435 cells
[83]. In addition to considering the individual effects of
these compounds, they considered the growth inhibitory
effects of equal mixtures (w/w) of tamoxifen with the to-
cotrienol-rich fraction or its three constituent tocotrienols.
For MCF-7 cells, concentrations of tamoxifen required for
50% inhibition of cell proliferation were reduced from
110 � 3 (mean � SEM) nmol/L for tamoxifen alone to
27 � 0.5 nmol/L and 8.1 � 0.3 nmol/L, respectively, for
equal mixtures (w/w) of tamoxifen and each of �-, and
�-tocotrienol, respectively [83]. For this cell line, combina-
tion of �-tocotrienol with tamoxifen slightly increased the
concentration of tamoxifen needed for 50% inhibition of
cell proliferation (110 � 3 to 269 � 13 nmol/L) [83].
Interestingly, these investigators also found that tamoxifen
inhibited proliferation of estrogen receptor negative MDA-
MB-435 cells, although at a much higher concentration than
was required for the estrogen receptor positive MCF-7 cells
(IC50 242 � 11 versus 0.11 � 0.003 �mol/L) [83]. Those
investigators also found that concentrations of tamoxifen
required for 50% inhibition of MDA-MB-435 cell prolifer-
ation were reduced from 242 � 11 �mol/L for tamoxifen
alone to 10 � 0.5 �mol/L, 4.0 � 0.1 �mol/L, 5.1 � 0.05
�mol/L, and 16 � 0.3 �mol/L, respectively, for equal
(w/w) mixtures of tamoxifen and each of the tocotrienol-
rich fraction of palm oil, �-, �-, and �-tocotrienol, respec-
tively [83]. In comparison to the substantial reduction of the
concentration of tamoxifen required for 50% inhibition of
growth by combination with �- or �-tocotrienol for MCF-7
cells and �-,�-, and �-tocotrienol for MDA-MB-435 cells,
�-tocopherol combined with tamoxifen increased the IC50

for tamoxifen in MCF-7 cells more than 1000-fold to 126 �
5 �mol/L [83]. Other studies have similarly shown �-, �-,
and �-tocotrienol to enhance the growth inhibitory effect of
tamoxifen on estrogen receptor positive ZR-75–1 cells [84],
while 100 �mol/L �-tocopherol completely blocked the
potent growth inhibitory effect of 5 �mol/L tamoxifen on
estrogen receptor negative MDA-MB-231 cells [86]. These
limited data suggest that tocotrienols in combination with
tamoxifen may be worthy of investigation as potential ther-
apy for women with both estrogen receptor positive and
estrogen receptor negative breast tumors. The tissue culture

data relating to the combined effects of �-tocopherol and
tamoxifen on breast cancer cell proliferation raise the con-
cern that supplemental �-tocopherol may reduce the effec-
tiveness of tamoxifen therapy in women receiving such
therapy for treatment of breast cancer.

For the MDA-MB-231 cells, this antagonism of the
growth inhibitory effect of tamoxifen by �-tocopherol was
associated with the blockage of tamoxifen-mediated de-
crease in protein kinase C activity in the intact cells [86]. In
comparison, for several other cells types, similar concentra-
tions of �-tocopherol (100 �mol/L) both reduce protein
kinase C activity and inhibit cellular proliferation, while
other tocopherols have variable effects on cell proliferation
that do not correlate with effects on protein kinase C activity
[91,92,93].

10. Effects of tocopherols and tocotrienols on apoptosis
of breast cancer cells

Several studies have investigated the ability of toco-
pherols and tocotrienols to induce breast cancer cells to
undergo apoptosis. Data indicate that exposure to �-, �-, and
�-tocotrienol or �-tocopherol during 3 days induced MCF-7
and MDA-MB-435 breast cancer cells to undergo apoptosis
as determined by nuclear morphology after staining with
4,6-diamidino-2-phenylindole (DAPI) ( [94], Table 5). In
comparison, the same duration of exposure to �- �-, and
�-tocopherol did not induce apoptosis in either of these cell
lines exposed to up to 464–480 �mol/L concentrations of
these tocopherols [94]. However, another study reported
that a higher concentration of �-tocopherol, 1000 �mol/L,
induced apoptosis as indicated by DNA fragmentation in
23% of MCF-7 cells [87]. None of these studies investigated
the effect of �-tocotrienol on apoptosis. For MCF-7 cells,
rank order of concentrations required to induce 50% of cells
to undergo apoptosis (EC50) was �-tocopherol � �-tocotri-
enol � �-tocotrienol � �-tocotrienol whereas for MDA-
MB-435 cells rank order for EC50 was �-tocotrienol �
�-tocopherol � �-tocotrienol � �-tocotrienol [94]. For the
tocotrienols, EC50 for promotion of apoptosis in each of
MCF-7 and MDA-MB-435 cells (Table 5) were several fold
the IC50 for inhibition of proliferation by the corresponding
tocotrienols in these cell lines (Table 4), suggesting that the
tocotrienols were not cytotoxic.

11. Relative growth inhibitory and proapoptotic effects
of tocopherols and tocotrienols in malignant and
preneoplastic breast cells

One comprehensive study compared the influence of
three tocopherols (�, �, and �) and the corresponding toco-
trienols on both proliferation and apoptosis in three breast
cell types, preneoplastic, neoplastic, and malignant mouse
mammary epithelial cells [89]. The preneoplastic line, de-
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noted CL-S1, is immortal in culture but will not form solid
tumors when transplanted back into the mammary gland
[89]. The neoplastic and malignant cell lines, denoted -SA
and �SA, respectively, were derived from adenocarcino-
mas that developed spontaneously from the original D1 cell
line [89]. When injected into the mammary gland fat pad of
syngeneic female mice, cells of the -SA line form well
differentiated tumors while those of the �SA line form
anaplastic adenocarcinomas [89]. The growth and meta-
static characteristics of �SA tumors are more aggressive
than the -SA tumors [89]. In agreement with other results
shown in Table 4, this study found the tocotrienols to be
growth inhibitory in each of the breast cell lines tested, with
the same rank order of potency, �-tocotrienol � �-tocotri-
enol � �-tocotrienol. In comparison, �-tocopherol was
found to be growth inhibitory in each cell line at higher
concentrations than the tocotrienols, whereas neither �- nor
�-tocopherol altered cell growth even at the highest con-
centration tested (120 �mol/L, Table 6) [89]. While mech-

anism(s) accounting for these effects remain to be deter-
mined, these preneoplastic, neoplastic, and malignant
mouse mammary epithelial cells exposed to 5 �mol/L �-,
�-, and �-tocotrienol accumulated amounts of these toco-
trienols comparable to similar cells exposed to 120 �mol/L
of the corresponding tocopherols, suggesting that preferen-
tial cellular accumulation of the tocotrienols may have con-
tributed to their greater growth inhibitory activity [89].
However, treatments that induced similar cellular concen-
trations of tocopherols and tocotrienols did not result in
similar antiproliferative and cytotoxic effects in the preneo-
plastic and neoplastic cell lines [89].

All of the tocotrienols and the tocotrienol rich fraction
from palm oil had cytotoxic effects on all cells lines,
whereas �-tocopherol was cytotoxic only to -SA and �SA
cells [89]. Concentrations inducing 50% cell death were
2–4 fold those required for 50% growth inhibition. How-
ever, apoptosis was observed in all cell lines exposed to
IC50 concentrations of tocotrienols, and in -SA and �SA

Table 5
Promotion of apoptosis in breast cancer cells by tocopherols and tocotrienols concentrations: required to promote apoptosis in 50% of cells (EC50)1

Cell line (reference) Exposure
time (days)

Tocopherols2 Tocotrienols3

�-T �-T �-T �-T �-T-3 �-T-3 �-T-3

MCF-7 [94]4 3 �4645 �480
5

�4805 241 � 12 33 � 5 36 � 5 18 � 2
MCF-7 [87] 3 �10005 — — — — — —
MDA-MB-435 [94]4 3 �4645 �4805 �4805 360 � 82 414 � 54 68 � 6 33 � 9

All cells were cultured in the presence of 5–10% serum in the absence of estrogen.
1 Concentrations are given in �mol/L with SEM (if provided in the publication); — indicates not tested.
None of these studies, nor any other published reports, investigated the influence of �-tocotrienol on apoptosis in breast cancer cells.
2 �-T, �-T, �-T, �-T; �-tocopherol, �-tocopherol, �-tocopherol, respectively.
3 �-T-3, �-T-3, �-T-3; �-tocotrienol, �-tocotrienol, and �-tocotrienol, respectively.
4 Concentrations shown in this report as �g/ml have been converted to �mol/L for presentation here.
5 This concentration, which was the maximum concentration that was tested, failed to promote apoptosis in 50% of cells.

Table 6
Growth inhibitory and cytotoxic effects of tocopherols and tocotrienols in preneoplastic and malignant mammary epithelial cells1

Cell line Exposure
time (days)

Tocopherols2 Tocotrienols3 TRF4

�-T �-T �-T �-T-3 �-T-3 �-T-3

Concentrations required to inhibit growth 50% (IC50)5,6

CL-S1 preneoplastic 5 �1207 �1207 55 12 8 7 13
�SA neoplastic 5 �1207 �1207 47 7 5 4 7
�SA malignant 5 �1207 �1207 23 5 4 3 6

Concentrations required to reduce numbes of viable cells by 50% (LD50)5

CL-S1 preneoplastic 1 �2508 �2508 �2508 27 19 16 50
�SA neoplastic 1 �2508 �2508 166 28 17 15 43
�SA malignant 1 �2508 �2508 126 23 14 12 38

1 Data from reference [89]. This study did not investigate the influence of �-tocopherol or �-tocotrienol on proliferation or apoptosis in these cell lines.
2 �-T, �-T, �-T; �-tocopherol, �-tocopherol, �-tocopherol, respectively.
3 �-T-3, �-T-3, �-T-3; �-tocotrienol, �-tocotrienol, and �-tocotrienol, respectively.
4 Tocotrienol rich fraction from palm oil.
5 Concentrations are given in �mol/L.
6 Treatment with IC50 concentrations of �-tocopherol, or �-, �-, �-tocotrienol for 24 hours induced significant apoptosis as indicated by DNA

fragmentation.
7 �50% inhibition of cell growth at the indicated concentration, which was the maximum concentration that was tested.
8 This concentration, which was the maximum concentration that was tested, failed to reduce cell viability by �50%.
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cells exposed to the IC50 concentration of �-tocopherol [89].
Rank order of susceptibility to both growth inhibitory and
proapoptotic effects of the tocotrienols/�-tocopherol were
�SA � -SA � CL-S1 cells, with the most striking differ-
ences apparent between the preneoplastic CL-S1 cells and
the neoplastic or malignant cells [89]. If such differential
susceptibility were to also occur in vivo, this would suggest
that, with tocotrienol supplementation, growth inhibition
and promotion of apoptosis would occur preferentially in
cancerous compared with noncancerous cells within the
breast.

12. Inhibition of breast cancer cell proliferation and
promotion of apoptosis by synthetic analogs of vitamin
E

As discussed above, many studies have shown that �-to-
copherol has little if any effect on proliferation [82,84,85,
86,89] or apoptosis [87,89,94] of breast cancer cells. In
contrast, a number of studies have shown potent inhibition
of proliferation [88,95,96] and promotion of apoptosis [94,
97,98,99] in several breast cancer cell lines by �-tocopheryl
succinate and other vitamin E analogs. These effects are
evident at concentrations as low as 20 mol/L [94,95,97,98,
99]. However, several lines of evidence suggest that the
mechanism(s) accounting for these effects of �-tocopheryl
succinate are quite different from any growth regulatory and
proapoptotic effects of free �-tocopherol. First, hydrolysis
and release of free �-tocopherol is not required for the
growth inhibitory effect of �-tocopheryl succinate [88].
Second, cholesteryl succinate also inhibits growth of breast
cancer cells, and does so at the same concentrations at
which �-tocopheryl succinate is effective [88]. Third, an-
other ester of �-tocopherol, �-tocopheryl acetate, does not
influence apoptosis in breast cancer cells [94].

13. Is it feasible and safe for human beings to achieve
plasma and tissue concentrations of tocotrienols that
might regulate growth and apoptosis of breast cancer
cells?

It is of interest to consider whether it would be feasible
and safe for women (and men, who also can develop breast
cancer, albeit with a lower incidence than women) to at-
tempt to achieve plasma and tissue concentrations of toco-
trienols that are similar to those that have been shown to
inhibit proliferation of breast cancer cells and promote ap-
optosis in these cells in vitro. In humans not consuming
supplements containing tocotrienols, plasma concentrations
of total tocotrienols are less than 1 �mol/L [100,101,102].
However, after supplementation with a palm oil concentrate
providing 200 mg of tocotrienol�tocopherol (15–20% �-to-
copherol, 12–15% �-tocotrienol, 35–40% �-tocotrienol,
25–30% �-tocotrienol) for 4 weeks, plasma �- �-, and

�-tocotrienol concentrations were increased to 8.14 � 0.68,
7.46 � 0.73, and 5.91 � 0.67 �mol/L (mean � SD) [100].
These plasma tocotrienol concentrations are similar to those
that inhibit proliferation of estrogen receptor positive breast
cancer cells in vitro by 50% and about one third those
shown to promote apoptosis of 50% of estrogen receptor
positive breast cancer cells (above). Importantly, these
plasma concentrations of tocotrienols were achieved with-
out any apparent adverse effect [100]. Other studies of
supplementation of human individuals with palm oil toco-
trienol concentrate have also reported no significant adverse
effects of supplementation with up to 240 mg tocotrienol for
up to 16 months duration [102,103,104]. Furthermore, as
discussed above, it is likely that breast adipose tissue con-
centrations of tocotrienols will be five to ten-fold those in
the plasma [46,54,66], so that lower levels of tocotrienol
supplementation might be adequate to reach breast adipose
tissue tocotrienol concentrations similar to those that inhibit
proliferation and promote apoptosis in breast cancer cells in
vitro. Thus, it appears to be both feasible and safe to in-
crease plasma and breast adipose tissue concentrations of
tocotrienols to levels that regulate growth and viability of
breast cancer cells in vitro. Further studies will be needed to
determine whether individuals that achieve such plasma and
tissue tocotrienol concentrations are protected from devel-
opment of breast cancer.

14. Conclusions

The modest apparent protection from breast cancer as-
sociated with dietary vitamin E inferred from studies that
collected information on dietary intake is consistent with the
idea that either vitamin E, or some dietary constituent that is
correlated with vitamin E, may protect against breast can-
cer. The fact that no observational study has found supple-
mental vitamin E to be associated with any protection from
breast cancer, and the lack of convincing evidence that
higher plasma or tissue �-tocopherol concentrations protect
against breast cancer, suggest that the active dietary con-
stituent is not �-tocopherol, but instead some other dietary
component that is correlated with �-tocopherol. Experi-
ments in animals also provide little support for the notion
that �-tocopherol protects against breast cancer. In contrast,
studies in breast cancer cells in vitro indicate that the �- �-,
and �- tocotrienol, and to a lesser extent �-tocopherol, have
potent antiproliferative and proapoptotic effects. Breast ep-
ithelial cell proliferation is a cardinal feature of mammary
tumors and increased indices of proliferation of breast neo-
plasms are correlated with poor prognosis [105,106,107].
While plasma concentrations of tocotrienols are low, as
discussed above, data indicate that for fatty tissues such as
the breast, tissue concentrations of tocotrienols (and toco-
pherols) are higher than what might be expected based on
plasma concentrations. Many vegetable sources of �-to-
copherol also contain other tocopherols or tocotrienols.

16 D.C. Schwenke / Journal of Nutritional Biochemistry 13 (2002) 2–20



Thus, it seems plausible that the modest protection from
breast cancer associated with dietary vitamin E, but not
supported by blood or tissue concentrations of �-tocopherol
or duplicated by vitamin E supplements, may be due to the
effects of other tocopherols and the tocotrienols in the diet.

15. Future directions

It seems clear that, for protection from breast cancer,
focus on �-tocopherol may have been misguided. Data
suggest that is it now time to reconsider the role of toco-
pherols and tocotrienols in prevention of breast cancer. The
individual tocopherols and tocotrienols may well have dif-
ferent biological activities due in part to intrinsic effects on
cellular function, as suggested above by their effects on
breast cancer cells. Thus, it will be necessary to quantitate
separately each of the four tocopherols and the four tocot-
rienols. Because past dietary studies have not aimed at
separate assessment of these dietary constituents, it seems
likely that this will require development of new instruments
for dietary assessment.

Additionally, because the ability of tocopherols and to-
cotrienols to reduce risk of breast cancer is likely to be
determined by their delivery to the breast, it will be impor-
tant to determine concentrations of these dietary constitu-
ents in breast, and to relate these concentrations to dietary
intake. Obviously, it is not feasible to propose to determine
concentrations of tocopherols and tocotrienols in breast or
breast adipose tissue of large numbers of women, particu-
larly not in women who are free of disease. However, as
discussed above, evidence suggests that concentrations of
corresponding tocopherols and tocotrienols are similar for
adipose tissue collected from different anatomic sites. Thus,
it seems plausible that measures of adipose tissue tocoph-
erol and tocotrienol concentration in peripheral fat depots
may provide a useful surrogate that might provide a rela-
tively accurate proxy for tocopherol and tocotrienol concen-
trations for breast adipose tissue, and possibly suggest the
concentrations of these dietary components to which breast
epithelial cells are exposed. Previous studies have sampled
adipose tissue from the buttocks by fine needle aspiration
[53,54,57,108,109] from conscious women. Evidence indi-
cates that collecting adipose tissue in such a way is well
tolerated and perceived as causing less discomfort than
standard venipuncture [53].

In addition to relating dietary intake and tissue levels of
tocopherols and tocotrienols to risk of breast cancer, it will
be important to investigate the mechanism(s) by which
these dietary constituents might be protective. Oxidative
stress has been implicated in breast cancer [110,111,112,
113], and may influence breast cancer by altering gene
expression [114] or by promoting oxidative DNA damage
[112,113]. Evidence indicates that all tocopherols (�, �, �,
and �) and tocotrienols (�, �, �, and �) have antioxidant
activity [28,115]. However, relative antioxidant activity of
these compounds in vivo remains to be determined. It will

be relevant for future studies to investigate whether tissue
tocopherol and tocotrienol status alters oxidative stress in
breast tissue in vivo, and how such changes in oxidative
stress are related to measures of tumor aggression, such as
cellular proliferation. As discussed above, studies have
shown the tocotrienols and �-tocopherol to have potent
growth regulatory and proapoptotic effects on breast cancer
cells in vitro. With respect to cellular proliferation, previous
studies have shown that in mammalian cells in vitro, toco-
trienols inhibit the activity of 3-hydroxy-3-methylglutaryl-
coenzyme A reductase [116], the rate limiting enzyme of
cholesterol synthesis, while other data suggest that this
inhibitory effect would be likely to reduce cellular prolif-
eration [117]. In addition, supplementation of human indi-
viduals with a tocotrienol rich palm oil fraction reduced
plasma cholesterol concentrations [100], suggesting that
3-hydroxy-3-methylglutaryl-coenzyme A reductase might
have been inhibited in these individuals. It will be appro-
priate for future studies to consider whether proliferative
activity of breast epithelial cells can be regulated in vivo by
the tocotrienols or �-tocopherol, and the mechanism(s), per-
haps including inhibition of 3-hydroxy-3-methylglutaryl-
coenzyme A reductase activity, by which such effects occur.
The data discussed above concerning the synergistic inhi-
bition of breast cancer cell proliferation in vitro by the
tocotrienols in combination with tamoxifen is particularly
intriguing and potentially important and worthy of further
investigation.
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