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REPORTS

Phytoestrogens and Indicators of Breast Cancer Prognosis

Tam C. Ha, Philippa M. Lyons-Wall, Douglas E. Moore, Bruce N. Tattam, John Boyages,
Owen A. Ung, and Richard J. Taylor

Abstract: Breast cancer incidence is lower and survival is
longer in Asian women residing in Japan, China, or the Phil-
ippines than Caucasian women residing in the United States.
Phytoestrogen intake has been examined as a possible reason
for the disparity in breast cancer incidence and survival.
This study examined the association between phytoestrogen
intake prior to diagnosis of breast cancer and indicators of
breast cancer prognosis (tumor size, estrogen and progester-
one receptor status, histological grade, lymphovascular in-
vasion, nodal spread, and stage) in 128 women, aged 4079
yr, newly diagnosed with invasive breast cancer. After con-
trolling for significant confounding factors, higher intakes of
phytoestrogens were associated with favorable indicators of
breast cancer. In women with higher intakes of phyto-
estrogens, there was a 32% reduction in the odds of being di-
agnosed with any stage of cancer other than stage 1 (95%
confidence interval, CI = 0.49-0.93; P = 0.02), a 38% reduc-
tion in odds of being diagnosed with positive lymphovascular
invasion (95% CI = 0.40-0.95; P = 0.03), and a 66% in-
crease in the odds of being diagnosed with a positive proges-
terone receptor (95% CI = 1.06-2.58; P = 0.03). We con-
clude that phytoestrogen intake prior to diagnosis may
improve prognosis of breast cancer.

Introduction

Breast cancer is the most commonly diagnosed cancer in
Caucasian women after non-melanoma skin cancer (1). The
incidence, however, is lower in Asian women residing in Ja-
pan, China, or the Philippines than in Caucasian counterparts
in the United States (1-3). On migration to the United States,
the incidence of breast cancer in Asian women approaches
that of women in the United States after two to three genera-

tions (4). This change in breast cancer incidence prompted
investigation of environmental causes and, in particular, in-
vestigations of dietary phytoestrogens, which are consumed
in higher quantities in Asian countries than in Western coun-
tries. Phytoestrogens are plant compounds that possess estro-
genic and antiestrogenic properties. The two main groups of
phytoestrogens found in the human diet are isoflavonoids
and lignans, although the majority of epidemiological and
experimental studies have focused on isoflavonoids. These
compounds are found in uniquely high concentrations in soy
foods such as bean curd, tofu, and tempeh. Breast cancer sur-
vival is also longer in Asian women compared with Cauca-
sian women, although this observation is not yet entirely ex-
plained (3,5).

Epidemiological studies in Asian women provide some
evidence that a higher consumption of soy products (6-9) or
excretion of isoflavonoids (10) is associated with a lower risk
of breast cancer (9,11), although not all findings are consis-
tent (12,13). The inconsistencies between studies could be
due to limitations in the measurement of soy foods or iso-
flavonoid intakes because a number of the case-control stud-
ies were not specifically designed to investigate the relation-
ship between intakes of soy and/or isoflavonoids and breast
cancer risk. In Western populations where intakes of iso-
flavonoids tend to be lower, associations have also been re-
ported between breast risk and isoflavonoid excretion (14),
although another study did not confirm these associations
(15).

A proposed mechanism by which isoflavonoids could in-
fluence breast cancer prognosis is via their low affinity bind-
ing for estrogen receptors (ERs). In the co-presence of
estradiol, isoflavonoids compete for binding to ERs (16) and
can exert an antiestrogenic response by displacing the more
biologically active estrogen. Isoflavonoids could also reduce
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the proliferation of breast cancer cells through effects inde-
pendent of the ER, for example, via inhibition of
topoisomerase II (17), and induction of G»-M cell cycle ar-
rest and apoptosis (18). Genistein can inhibit angiogenesis
(19) and has also been shown to down-regulate matrix
metalloproteinase-9 and up-regulate the tissue inhibitor of
metalloproteinase-1, which are proteins associated with the
regulation of invasion by tumor cells (20). Taken together,
these in vitro studies provide several possible mechanisms
for protective effects of isoflavonoids in breast cancer cell
lines, and it is biologically plausible that they could contrib-
ute to some of the protective effects of soy and/or isoflavo-
noids on breast cancer observed in epidemiological studies.

To our knowledge, only one study has examined the role
of soy food intake and breast cancer survival (21). Other
studies examining dietary factors and breast cancer survival
have investigated dietary fat, protein, carbohydrate, and vita-
mins A, C, and E, with a diversity of opinion remaining
(22-24). Our cross-sectional analytical study examined the
association of two main groups of phytoestrogens, isofla-
vonoids and lignans, with seven indicators of breast cancer
prognosis: tumor size, estrogen and progesterone receptor
status, lymphovascular invasion, tumor grade, axillary nodal
involvement, and cancer stage. These indicators of breast
cancer prognosis have already been shown to be good predic-
tors of actual survival (25-27).

It is possible that an earlier stage of diagnosis could result
from health-related behaviors associated with phytoestrogen
intake, such as mammographic screening, rather than from
higher consumption of phytoestrogens per se. Behaviors in-
fluencing time of diagnosis were measured via three modes
of presentation categories, that is, methods by which patients
initially became aware of their cancer. The three modes of
presentation were mammographic screening; breast self-ex-
amination, irregular breast examination, doctor discovered,
and imaging; and symptomatic. Possible confounding was
investigated by examining the level of phytoestrogen intake
in each mode of presentation group. Our aim was to examine
the association between dietary phytoestrogen intake prior to
diagnosis and indicators of breast cancer prognosis.

Methods

Subjects

Subjects were recruited from the NSW Breast Cancer In-
stitute, Westmead Hospital, Sydney, Australia, between Oc-
tober 2000 and November 2001. Eligible patients were
women who were 240 and <80 yr of age and newly diag-
nosed with histologically confirmed invasive breast cancer.
Subjects were excluded if they had a previous history of other
malignancies (excluding skin cancers other than melanoma),
were deemed too frail to physically participate, or were not
able to speak and read English sufficiently to participate (to-
tal excluded n = 5 for these categories). Institutional ethics
approval and informed written consent from individual sub-
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jects were obtained. Of the 128 eligible patients, 104
participated in the study, 86% of whom were Caucasian (the
remainder was comprised of Indians, Fijians, Asians, and Af-
ricans). Information obtained on potential confounders (see
Table 1) included age at diagnosis, reproductive variables
(age at menarche, age at first full-term delivery, gravida, par-
ity, breastfeeding, and menopausal status), tobacco smoking,
family history of breast cancer in a first-degree relative, oral
contraceptive and hormone therapy usage, and anthro-
pometric variables [body mass index (BMI), kg/m?; four
skinfold thicknesses to derive percent body fat (suprailiac,
subscapular, biceps, and triceps) (28); and height, weight,
and waist and hip circumference]. No significant differences
in potential confounders were found between study subjects
and nonsubjects. The majority of study subjects underwent
surgery (97%) within 1-2 wk of being diagnosed with breast
cancer, providing adequate pathological staging for the study
population and data on indicators of breast cancer prognosis.
Breast cancer characteristics that were collected included tu-
mor size, histological grade, axillary nodal involvement,
lymphovascular invasion, stage of cancer, and estrogen and
progesterone receptor status. If a patient did not undergo sur-
gery, tumor variables were based first on mammographic
findings (n = 2) and then ultrasound results, respectively; if
these were not available, clinical measurements (n = 1), as
indicated by the treating medical team, were recorded.

Table 1. Distribution of Demographic Characteristics
of Study Participants Diagnosed With Breast Cancer

Characteristic n (%)
Average age (yr) 57
Menopausal status
Premenopausal 27 (26%)
Postmenopausal 77 (74%)
Average age at onset of menarche (yr) 13
Average age at first full-term delivery (yr) 25
Parity 2.6
Gravida 3
Family history of breast cancer
First-degree + other degree relatives 18 (17.3%)
Other degree relatives only 19 (18.3%)
No relatives with breast cancer 67 (64.4%)
Oral contraceptive usage
0yr 34 (34.3%)
>0 and <5 yr 25 (25.3%)
>5 and <10 yr 14 (14.1%)
210 yr 26 (26.3%)
Hormone therapy usage
Oyr 61 (59.8%)
>0 and <5 yr 16 (15.7%)
>5yr 25 (24.5%)
Smoking
Nonsmoker 78 (77.2%)
Ex-smoker 10 (9.9%)
Current smoker 13 (12.9%)

Mode of presentation

Routine mammographic screening 38 (36.9%)

Breast self-examination/non-breast 18 (17.5%)
self-examination/doctor discovered/imaging

Symptomatic 47 (45.6%)

Nutrition and Cancer 2006
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Two dietary questionnaires were used. Dietary phyto-
estrogen intake (isoflavonoids and lignans), in a typical
month over the past year, was obtained by a specially de-
signed 106-item phytoestrogen food-frequency question-
naire of phytoestrogen-derived foods available in an Austra-
lian market. The main sources of isoflavonoids were soy
foods and soy products including bean curd (or tofu); the
main sources of lignans were linseed (or flaxseed), legumes,
fruits, and vegetables. Intakes of potential confounding di-
etary variables, including carbohydrate; fat; protein; vita-
mins A, C, and E; alcohol; dietary fiber; niacin; phospho-
rous; zinc; and calcium, were obtained from a validated
food-frequency questionnaire (general food-frequency ques-
tionnaire) (29). Values of isoflavonoids (genistein and
daidzein) in individual food items were obtained from the
United States Department of Agriculture (USDA) database,
and values for mammalian lignans (enterolactone and
enterodiol) were obtained from published values by Thomp-
son et al. (30,31). Manufacturer values for isoflavonoids and
lignans were also included for food items where published
values were not available from the USDA database (32). Ag-
gregate measurements of isoflavonoids (mg/day) and lignans
(mg/day) were obtained from the sum of all individual food
items in the phytoestrogen questionnaire.

The convergent validity of the phytoestrogen question-
naire had been tested previously in our laboratory. Intake ob-
tained by the questionnaire was compared with that obtained
by a 7-day weighed food record taken over the same time in-
terval in a group of 36 healthy adults, aged 2049 yr and
mean + SE BMI of 20.7 + 0.4 kg/m2; none were on any spe-
cial diet, and 31 were omnivores and 5 were vegetarians. The
weighed record was chosen as a standard because it provided
a more detailed and accurate description of the total
phytoestrogen intake, recorded as eaten over the same time
interval. The results showed significant associations between
intakes of isoflavonoids (r = 0.82; P < 0.0001) or lignans (r =
0.68; P < 0.0001) obtained from questionnaire and weighed
records (Spearman rank correlations). Median (range) in-
takes of isoflavonoids from the questionnaire and weighed
records were 0.84 (0.0-38.6) and 1.16 (0.0-43.1) mg/day,
and intakes of lignans were 1.09 (0.12-11.9) and 1.48
(0.57-7.32) mg/day, respectively; there were no significant
differences between intakes obtained by the two methods
(paired t-tests) (33). Therefore, there was good convergent
validity between the phytoestrogen questionnaire and 7-day
weighed food record for intakes of both isoflavonoids and
lignans.

To assess the criterion validity of the phytoestrogen ques-
tionnaire, a subsample of study subjects (n = 25) provided
three 24-h urine samples (two weekdays and one weekend day
over aweek), which were used for analysis of isoflavonoid and
lignan concentrations in urine using liquid chromatography/
mass spectrometry/mass spectrometry (LC/MS/MS) (34). Pa-
tients requiring chemotherapy immediately were not asked to
participate in the urine collection due to potential chemother-
apy interference with the LC/MS/MS assay. The major dietary
isoflavonoids and their metabolites and lignans were chosen
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forurine analysis. After hydrolysis, analysis was conducted on
the biologically active aglycone forms, including eight
isoflavonoids (genistein, biochanin A, daidzein, equol,
O-desmethylangolensin, dihydrogenistein, dihydrodaidzein,
and formononetin) and two lignans (enterodiol and
enterolactone). Details of the urine analysis have been de-
scribed elsewhere (34). Briefly, a significant linear relation-
ship was observed between dietary isoflavonoid intake ob-
tained from the phytoestrogen questionnaire and isoflavonoid
concentrationsinurine (r=0.50; P=0.01). Nosignificantrela-
tionship was observed between dietary lignan intake and ex-
cretion (r=0.16; P=0.46). Phytoestrogens are distributed into
three biological matrices: urine, plasma, and feces. It is not
possible to completely recover dietary phytoestrogens from
urine; however, at low to moderate levels of soy protein con-
sumption, a linear relationship has been shown between di-
etary phytoestrogen intake and excretion in urine (35), which
provides a rationale for using urine to test criterion validity.
The results in this article are based on values of dietary isofla-
vonoid and lignan intake (mg/day) derived from the phyto-
estrogen questionnaire. No subjects reported using comple-
mentary medicines, hormonal supplements, or dietary
supplements containing phytoestrogens.

Data Analysis

Isoflavonoid and lignan dietary intake data (mg/day) were
not normally distributed, and logarithmic transformations
(natural logarithm) were required to normalize distributions.
Dietary phytoestrogen intake was examined for isoflavo-
noids and lignans separately and for phytoestrogens as a
combined isoflavonoid and lignan variable (see Table 2). The
association between indicators of breast cancer prognosis
(outcome factor) and phytoestrogen intake (study factor) was
analyzed by controlling for age and other statistically signifi-
cant confounders using logistic regression in a series of sepa-
rate analyses. The strong a priori evidence of an association
between age and breast cancer survival rendered adjustment
for age necessary in all statistical models regardless of actual
statistical significance to allow for any residual effects.
Subsample analysis of phytoestrogen intake in the
mammographic screening group alone was also conducted to
assess potential confounding by health-related behaviors as-
sociated with phytoestrogen intake. Sample size was calcu-
lated for this study based on a geometric difference of 1.07
mg/day of dietary isoflavonoid intake between tumor size of
<15 mm and >15 mm, power of 80% and two-sided 5% sig-
nificance level, and it was estimated that at least 100 study
subjects were required for the study. All statistical tests were
two sided and conducted at the 95% level.

Statistical analysis was conducted using the SAS (for
Windows, version 8, SAS Institute, Inc., Chicago, IL). Nutri-
ent content was obtained using Foodworks (Xyris Software,
version 2, Brisbane, Australia) and the NUTTAB database
for Australian foods. Associations between phytoestrogens
and indicators of breast cancer prognosis are presented as
odds ratios (ORs) [95% confidence intervals (CIs)].
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Table 2. Comparison of Age-Adjusted Mean Intake of Lignans, Isoflavonoids, and Combined Total Phytoestrogens Within
Prognostic Breast Cancer Variable Groups (geometric mean mg/day)

Isoflavonoid Lignan Intake Phytoestrogen
Prognostic Variable n Intake (mg/day) P Value (mg/day) P Value Intake (mg/day) P Value
Estrogen receptor
Positive 87 1.13 0.43 2.03 0.43 4.99 0.40
Negative 13 0.6 1.7 3.42
Progesterone receptor
Positive 76 1.40 0.05 2.16 0.04 5.76 0.02
Negative 24 0.42 1.53 2.61
Lymphovascular invasion
Positive 29 0.55 0.12 1.62 0.08 2.86 0.03
Negative 67 1.43 2.15 6.07
Grade
1 41 0.74 No 1.75 0.154 3.93 No
2 33 2.34 linear 2.16 7.14 linear
3 26 0.83 trend 225 451 trend
Positive lymph nodes
0 63 1.26 0.164 2.04 No 5.39 0.144
1-3 21 0.89 1.74 linear 4.08
4+ 10 0.34 1.95 trend 2.58
Tumor size
<15 mm 54 1.7 0.06 2.26 0.03 7.06 0.004
=15 mm 46 0.63 1.64 2.98
Stage
I 58 1.73 0.03 2.17 0.14 6.53 0.02
All other stages combined 43 0.55 1.74 3.14

a: P value is for linear trend.

Results

Mean age at breast cancer diagnosis was 57 yr (range
40-79 yr). The response rate was 80% for the phytoestrogen
questionnaire and 81% for the general food-frequency ques-
tionnaire.

Association of Phytoestrogen Intake
With Indicators of Breast Cancer Prognosis

The associations between isoflavonoid intake and indica-
tors of breast cancer prognosis, adjusted for confounders, are
displayed in Table 3. For every unit increase in isoflavonoid
consumption (mg/day), the odds of being diagnosed with a
positive progesterone receptor were significantly associated
with a 22% increase in risk (OR = 1.22; 95% CI = 1.00-1.49;
P =0.05), whereas the odds of being diagnosed with a higher
stage of breast cancer (all stages combined except for stage I)
were significantly associated with a 17% reduction in risk
(OR =0.83;95% CI = 0.70-0.98; P = 0.03).

The associations between lignan intake and indicators of
breast cancer prognosis, adjusted for confounders, are dis-
played in Table 4. For every unit increase in lignan consump-
tion (mg/day), the odds of being diagnosed with a positive
progesterone receptor were significantly associated with a
142% increase in risk (OR =2.42; 95% CI = 1.03-5.68; P =
0.04), and the odds of being diagnosed with a positive
lymphovascular invasion were significantly associated with a
68% reduction in risk (OR =0.32; 95% CI =0.12-0.85; P =
0.02). The odds of being diagnosed with a tumor size of >15
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mm were significantly associated with a 50% reduction in
risk (OR = 0.50; 95% CI = 0.26-0.94; P = 0.03).

The associations between phytoestrogen intake (isoflavo-
noids and lignans combined) (mg/day) and indicators of
breast cancer prognosis, adjusted for confounders, are dis-
played in Table 5. For every unit increase in phytoestrogen
consumption (mg/day), the odds of being diagnosed with a
positive progesterone receptor were significantly associated
with a 66% increase in risk (OR = 1.66; 95% CI = 1.06-2.56;
P =0.04), and the odds of being diagnosed with a positive
lymphovascular invasion were significantly associated with a
38% reduction in risk (OR = 0.62; 95% CI = 0.40-0.95; P =
0.03). The odds of being diagnosed with a tumor size of >15
mm were significantly associated with a 37% reduction in
risk (OR = 0.63; 95% CI = 0.45-0.87; P = 0.006), and the
odds of being diagnosed with a higher stage of breast cancer
(all stages combined except for stage I) were significantly as-
sociated with a 32% reduction in risk (OR = 0.68; 95% CI =
0.49-0.93; P =0.02).

Assessment of Other Confounding Factors
Resulting in an Earlier Diagnosis
of Breast Cancer

There was a trend toward a higher intake of
isoflavonoids among patients who attended mammographic
screening compared with those diagnosed via other mode
of presentation groups; however, the association was not
significant (P = 0.07). Therefore, mode of presentation as
an indicator of behaviors resulting in an earlier diagnosis

Nutrition and Cancer 2006
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Table 3. Overall Association of Isoflavonoid Intake (mg/day) and Indicators of Breast Cancer Prognosis®

Outcome Factor (y) (coding 0, 1) n Confounders Odds Ratio (95% CI) P Value
Estrogen receptor status 100  Age 1.11 0.40
(0 = negative, 1 = positive) (0.87-1.43)
Progesterone receptor status 100  Age 1.22° 0.05
(0 = negative, 1 = positive) (1.00-1.49)
Both estrogen and progesterone receptor positive versus other combinations 100  Age 1.23% 0.03
(0 = all other combinations, 1 = both estrogen and progesterone positive) (1.02-1.48)
Lymphovascular invasion 96  Age, age at first full-term delivery 0.86 0.13
(0 = negative invasion, 1 = positive invasion) (0.70-1.05)
Grade 100 Age, alcohol consumption, 1.02 0.85
(0 =grade 1 +2, 1 = grade 3) hormone therapy usage, % (0.82-1.27)
energy from other dietary
sources®
Nodal status 94  Age 0.90 0.24
(0 = negative, 1 = positive) (0.75-1.07)
Size group 100 Age, breastfeeding 0.86 0.08
(0=<15mm, 1 =>15 mm) (0.72-1.02)
Stage group 101  Age 0.83% 0.03
(0 = stage I, 1 = all other stages combined) (0.70-0.98)

a: Logistic regression is used; outcome factors (y) are indicators of breast cancer prognosis (left-hand column), and the study factor (x) is isoflavonoid intake
[In (isoflavonoids)(mg/day)]. The odds ratio is the change in odds for each natural logarithmic unit increase in mean isoflavonoid intake and being diagnosed
with the breast cancer indicator coded as 1 compared with breast cancer indicator coded as 0. CI, confidence interval.

b: Statistically significant at 95% level (P < 0.05).

c: Percentage of energy from food components other than fat, carbohydrates, and alcohol, for example, sugar alcohols.

Table 4. Overall Association of Lignan Intake (mg/day) and Indicators of Breast Cancer Prognosis®

Outcome Factor (y) (coding 0, 1) n Confounders Odds Ratio (95% CI) P Value

Estrogen receptor status 100 Age 1.47 0.42
(0 = negative, 1 = positive) (0.57-3.76)

Progesterone receptor status 100 Age 2420 0.04
(0 = negative, 1 = positive) (1.03-5.68)

Both estrogen and progesterone receptor positive 100 Age 2.15b 0.05
versus other combinations (1.01-4.61)
(0 = all other combinations,
1 = both estrogen
and progesterone positive)

Lymphovascular invasion 96 Age, vitamin C 0.320 0.02
(0 = negative, 1 = positive) (0.12-0.85)

Grade 100 Age, hormone therapy usage, alcohol 1.48 0.27
(0 =grade 1 +2, 1 = grade 3) consumption, % energy from other sources® (0.74-2.98)

Nodal status 94 Age 0.78 0.44
(0 = negative, 1 = positive) (0.40-1.49)

Size group 100 Age 0.50° 0.03
(0=<15mm, 1 =>15 mm) Waist-to-hip ratio (0.26-0.94)

Stage group 101 Age 0.63 0.14
(0 = stage I, 1 = all other stages combined) (0.34-1.16)

a: Logistic regression is used; outcome factors (y) are indicators of breast cancer prognosis (left-hand column), and the study factor (x) is lignan intake
(mg/day). The odds ratio is the change in odds for each natural logarithmic unit increase in mean lignan intake and being diagnosed with the breast cancer in-

dicator coded as 1. CI, confidence interval.
b: Statistically significant at 95% level (P < 0.05).

cannot be considered to unduly influence the results of
isoflavonoid intake in relation to indicators of breast cancer
prognosis.

This potential source of confounding was investigated
further by examining the relationship between isoflavonoid
intake and progesterone receptor status, which is not influ-
enced by the mode of presentation, in the subsample analysis

Vol. 56, No. 1

of women who presented via mammographic screening. ORs
for the association between isoflavonoid intake and proges-
terone receptor status were comparable in both the whole
group analysis (OR = 1.22; 95% CI = 1.00-1.49; P = 0.05)
and in the subsample analysis (OR = 1.21; 95% CI =
0.84-1.75; P = 0.30). The lack of statistical significance in
the subsample analysis is likely due to the smaller numbers

7



19:15 3 June 2009

[ Canadi an Research Know edge Network] At:

Downl oaded By:

Table 5. Overall Association of Phytoestrogen Intake (mg/day) and Indicators of Breast Cancer Prognosis?

Outcome Factor (y) (coding 0,1) n Confounders QOdds Ratio (95% CI) P Value

Estrogen receptor status 100 Age 1.24 0.38
(0 = negative, 1 = positive) (0.76-2.0)

Progesterone receptor status 100 Age 1.66° 0.03
(0 = negative, 1 = positive) (1.06-2.58)

Both estrogen and progesterone receptor 100 Age 1.53% 0.03
positive versus other combinations (1.05-2.34)
(0 = all other combinations,
1 = both estrogen and progesterone positive)

Lymphovascular invasion 96 Age, vitamin C 0.62° 0.03
(0 = negative, 1 = positive) (0.40-0.95)

Grade 100 Age, hormone therapy usage, alcohol consumption, 1.08 0.70
(0 =grade 1 +2, 1 = grade 3) % energy from other dietary sources® (0.74-1.58)

Nodal status 94 Age 0.80 0.19
(0 = negative, 1 = positive) (0.58-1.12)

Size group 100 Age 0.63% 0.006
(0=<15mm, 1 =>15 mm) (0.45-0.87)

Stage group 101 Age 0.68" 0.02
(0 = stage I, 1 = all other stages combined) (0.49-0.93)

a: Logistic regression is used; outcome factors (y) are indicators of breast cancer prognosis (left-hand column), and the study factor (x) is phytoestrogen intake
(mg/day). The odds ratio is the change in odds for each natural logarithmic unit increase in mean phytoestrogen intake and being diagnosed with the breast

cancer indicator coded as 1. CI, confidence interval.
b: Statistically significant at 95% level (P < 0.05).

c: Percentage of energy from food components other than fat, carbohydrates, and alcohol, for example, sugar alcohols.

(n = 36). Therefore, potential confounding by behaviors re-
sulting in an earlier diagnosis was not an issue in this study.

Discussion

Our study found that a higher intake of dietary phyto-
estrogens at diagnosis was associated with favorable indica-
tors of breast cancer prognosis, although not all relation-
ships reached statistical significance. The only exception
was the observation that a higher intake of lignans was asso-
ciated with histological grade 3 tumors when compared
with grade 1 and 2 combined; however, this association did
not reach statistical significance. For all three measures of
phytoestrogen intake, either individual isoflavonoids,
lignans, or combined phytoestrogens, a higher intake was
significantly associated with a positive progesterone recep-
tor status. In terms of the relative importance of the indica-
tors of breast cancer prognosis immediately after diagnosis,
first tumor size and then number of positive axillary nodes
for cancer are the two main independent predictors of dis-
ease-free survival and recurrence from breast cancer
(27,36,37). There is currently no consensus on the ordering
of prognostic significance for hormone receptor status,
lymphovascular invasion, or histological grade, although
these factors have been shown to be important predictors of
breast cancer survival (25-27,38). Given that the findings
are observed in a number of indicators, which all relate to a
better prognosis, in particular, tumor size and nodal status
where statistically significant associations were found, it is
possible that these observations are mutually confirming
and that a higher consumption of phytoestrogens is associ-
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ated with a favorable breast cancer prognosis. It is biologi-
cally plausible that phytoestrogens may modify indicators
of breast cancer prognosis, as supported by in vitro cell cul-
ture studies and in vivo animal studies with genistein, where
anticarcinogenic properties including antioxidative, inhibi-
tion of topoisomerase II, antiestrogenic properties, and
antiangiogenic characteristics have been identified
(39-41). Hsieh et al. conducted in vitro experiments using
the ER-positive MCF-7 cell line and showed that genistein
was able to inhibit cellular proliferation at concentrations of
10nM (39). Constantinou et al., using the estrogen-negative
cell line MDA-MD-468, also showed that genistein at con-
centrations of 30 UM caused cancer cells to cease dividing
(40). It is possible that the antiangiogenic properties of
genistein, demonstrated by in vitro cell studies, may also be
responsible for the retardation in tumor growth of chemi-
cally induced breast cancer in mice models (41). Collec-
tively, these anticarcinogenic properties of genistein may
result in a smaller tumor size at diagnosis in human popula-
tions and thus could explain the results obtained in our
study whereby a higher isoflavonoid, lignan, and
phytoestrogen intake was associated with a significantly
smaller tumor size at diagnosis. From current knowledge,
we are unable to explain the significant associations found
between higher isoflavonoid, lignan, and combined phyto-
estrogen intakes and a positive progesterone receptor status.

Our study has several strengths, which include a high re-
sponse rate to both dietary questionnaires, which reduced the
potential for selection bias. No significant differences were
found in demographic, medical, and anthropometric charac-
teristics between study subjects and nonresponders, indicat-
ing that our sample was representative of the cross section of
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women attending the NSW Breast Cancer Institute at West-
mead Hospital, a major metropolitan hospital located in Syd-
ney. By recruiting patients with newly diagnosed breast can-
cer, we attempted to collect dietary data that reflected dietary
practices prior to diagnosis. A common difficulty with all
studies of diet and breast cancer is the limited ability to mea-
sure retrospective dietary exposure accurately; however,
phytoestrogens (isoflavonoids at least) are present uniquely
in high quantities in specific foods that are easily recogniz-
able, thereby increasing the accuracy of measuring these
compounds.

One possible limitation to our study is that products con-
taining soy ingredients were not included as items in the
questionnaire if their isoflavonoid content was expected to be
low, for example, commercial breads and bread mixes where
soy flour is used as an improver to whiten the grain and pro-
cessed luncheon meats, sausages, and hamburgers where soy
flour acts as a binder. These sources could have made an im-
portant contribution to total isoflavonoid intake in study sub-
jects with a low consumption of soy foods. However, we
found a significant association between intake and excretion
of isoflavonoids in a subsample of the study group, suggest-
ing that our questionnaire did capture the predominant
sources of isoflavonoids in our group of women.

Unlike our study, few past studies have used dietary in-
struments that had been formally tested for criterion validity
within the study group and designed specifically for the mea-
surement of dietary phytoestrogen intake in an Australian
population (6). Criterion validation of dietary data, tested by
LC/MS/MS urine analysis, showed that a linear relationship
did exist for isoflavonoids but not for lignans, indicating that
for isoflavonoids the range of intakes also reflected the level
of urinary excretion, lending credibility to the dietary associ-
ations obtained with breast cancer prognosis. Our study uti-
lized a food-frequency questionnaire designed specially for
an Australian population, thereby capturing phytoestrogen-
derived foods applicable to the study population. The collec-
tion of prior dietary information is of particular importance
when investigating possible associations with malignancies
as the development of cancer precedes the clinical diagnosis.
No study subjects reported any major changes in their diets
over the past year, and up to the last 5 yr, and, in particular, no
changes in their consumption of soy foods.

Studies investigating phytoestrogen and breast cancer
have mainly focused on breast cancer incidence and risk fac-
tors. Of the 10 published human studies involving phyto-
estrogens and breast cancer incidence, 7 have shown that a
higher intake of soy was associated with a lower incidence of
breast cancer, although not all findings reached statistical
significance (7,9-11,14,42,43). No studies have shown that
higher consumption of phytoestrogens was associated with
higher risk of breast cancer. These studies suggest that the
consumption of phytoestrogens plays a beneficial role in the
etiology of breast cancer. It is perhaps not surprising that our
study investigating phytoestrogens and indicators of breast
cancer prognosis also found a beneficial role of
phytoestrogens in the prognosis of breast cancer.

Vol. 56, No. 1

One study has been published examining the role of soy
food intake and breast cancer survival in a Shanghai popula-
tion (21). In this study, Boyapati et al. conclude that no over-
all association was observed between total soy protein intake
or total isoflavonoid intake and disease-free breast cancer
survival (21), possibly because there was no evaluation of the
effect of tamoxifen usage on disease-free survival, a drug that
is known to increase disease-free survival in ER-positive
breast cancer (44). Although intake of soy foods was exam-
ined at a median time of 66 days after diagnosis, biochemical
indicators of phytoestrogen status were not utilized to con-
firm intake. A strength of our study was that dietary exposure
was confirmed by measurement of urinary phytoestrogen ex-
cretion, with a significant association observed between in-
take and excretion of isoflavonoids.

Boyapati et al. found that soy protein intake and dis-
ease-free survival did not vary by estrogen and progesterone
receptor status, whereas our study found that a higher intake
of phytoestrogens increased the odds of being diagnosed
with both estrogen- and progesterone-positive receptors, al-
though findings did not reach statistical significance for ER
status. However, our results agree with the study by Touillaud
et al. in which ER-positive tumors were associated with a
higher intake of isoflavonoids (45).

Our findings have public health implications as breast
cancer continues to be a condition where, at present, there
have been no large improvements in survival in Australia
(25). There is evidence from the literature that phyto-
estrogens may lower the incidence of breast cancer and im-
plied evidence that Asian women have better breast cancer
survival than Caucasian women. From our study, a higher
consumption of phytoestrogens is associated with breast can-
cers of less severity, and it is possible that consumption of
phytoestrogens before breast cancer diagnosis may lower the
risk of breast cancer recurrence and improve survival.

Acknowledgments and Notes

We would like to thank Dr. Verity Ahern and Dr. Dominic Moon for
nominating patients for the study. We would also like to thank the Faculty of
Pharmacy for permission to use the Mass Spectrometry Analytical Facility
laboratories, Dr. Timothy Dobbins for statistical advice, Dr. Greg Heard for
editorial comments, and the women who participated in the study while en-
during such a difficult period in their lives. Address correspondence to T. C.
Ha, National Cancer Centre, 11 Hospital Drive, Singapore 16961. FAX:
65-62250047. E-mail: ha.tam.cam @nccs.com.sg.

Submitted 2 November 2005; accepted in final form 21 June 2006.

References

1. Parkin DM: Global cancer statistics in the year 2000. Lancet Oncol 2,
533-543, 2001.

2. Ajiki W and Yamamoto S: Cancer statistics digest. Breast cancer inci-
dence for females in Japan. Jpn J Clin Oncol 29, 238, 1999.



19:15 3 June 2009

[ Canadi an Research Know edge Network] At:

Downl oaded By:

20.

21.

22.

23.

24.

10

. Bray F, McCarron P, and Parkin DM: The changing global patterns of

female breast cancer incidence and mortality. Breast Cancer Res 6,
229-239, 2004.

. Ziegler RG, Hoover RN, Pike MC, Hildesheim A, Nomura AM, et al.:

Migration patterns and breast cancer risk in Asian-American women.
JNCI 85, 1819-1827, 1993.

. Pisani P, Parkin DM, Bray F, and Ferlay J: Estimates of the worldwide

mortality from 25 cancers in 1990. Int J Cancer 83, 18-29, 1999.

. Wu AH, Ziegler RG, Nomura AM, West DW, Kolonel LN, et al.: Soy

intake and risk of breast cancer in Asians and Asian Americans. Am J
Clin Nutr 68, S1437-S1443, 1998.

. Wu AH, Ziegler RG, Horn-Ross PL, Nomura AM, West DW, et al.:

Tofu and risk of breast cancer in Asian-Americans. Cancer Epidemiol
Biomarkers Prev 5,901-906, 1996.

. Wu AH, Wan P, Hankin J, Tseng CC, Yu MC, et al.: Adolescent and

adult soy intake and risk of breast cancer in Asian-Americans.
Carcinogenesis 23, 1491-1496, 2002.

. Lee HP, Gourley L, Duffy SW, Esteve J, Lee J, et al.: Risk factors for

breast cancer by age and menopausal status: a case-control study in
Singapore. Cancer Causes Control 3,313-322, 1992.

. Zheng W, Dai Q, Custer LJ, Shu XO, Wen WQ, et al.: Urinary excre-

tion of isoflavonoids and the risk of breast cancer. Cancer Epidemiol
Biomarkers Prev 8, 35—40, 1999.

. Hirose K, Tajima K, Hamajima N, Inoue M, Takezaki T, et al.: A

large-scale, hospital-based case-control study of risk factors of breast
cancer according to menopausal status. Jpn J Cancer Res 86, 146—154,
1995.

. Yuan JM, Wang QS, Ross RK, Henderson BE, and Yu MC: Diet and

breast cancer in Shanghai and Tianjin, China. Br J Cancer 71,
1353-1358, 1995.

. Nagata C: Ecological study of the association between soy product in-

take and mortality from cancer and heart disease in Japan. Int J
Epidemiol 29, 832-836, 2000.

. Ingram D, Sanders K, Kolybaba M, and Lopez D: Case-control study

of phyto-oestrogens and breast cancer. Lancet 350, 990-994, 1997.

. den Tonkelaar I, Keinan-Boker L, Veer PV, Arts CJ, Adlercreutz H, et

al.: Urinary phytoestrogens and postmenopausal breast cancer risk.
Cancer Epidemiol Biomarkers Prev 10, 223-228, 2001.

. Miksicek RJ: Interaction of naturally occurring nonsteroidal estrogens

with expressed recombinant human estrogen receptor. J Steroid
Biochem Mol Biol 49, 153-160, 1994.

. Markovits J, Linassier C, Fosse P, Couprie J, Pierre J, et al.: Inhibitory

effects of the tyrosine kinase inhibitor genistein on mammalian DNA
topoisomerase 1. Cancer Res 49, 5111-5117, 1989.

. Shao ZM, Alpaugh ML, Fontana JA, and Barsky SH: Genistein inhib-

its proliferation similarly in estrogen receptor-positive and negative
human breast carcinoma cell lines characterized by P21WAF1/CIP1
induction, G2/M arrest, and apoptosis. J Cell Biochem 69, 44-54,
1998.

. Fotsis T, Pepper M, Adlercreutz H, Fleischmann G, Hase T, et al.:

Genistein, a dietary-derived inhibitor of in vitro angiogenesis. Proc
Natl Acad Sci USA 90, 2690-2694, 1993.

Shao ZM, Wu J, Shen ZZ, and Barsky SH: Genistein exerts multiple
suppressive effects on human breast carcinoma cells. Cancer Res 58,
4851-4857, 1998.

Boyapati SM, Shu X-O, Ruan ZX, Dai Q, Cai Q, et al.: Soyfood intake
and breast cancer survival: a followup of the Shanghai Breast Cancer
Study. Breast Cancer Res Treat 92, 11-17, 2005.

Ingram D: Diet and subsequent survival in women with breast cancer.
BrJ Cancer 69, 592-595, 1994.

Holmes MD, Stampfer MJ, Colditz GA, Rosner B, Hunter DJ, et al.:
Dietary factors and the survival of women with breast carcinoma. Can-
cer 86, 826-835, 1999.

Saxe GA, Rock CL, Wicha MS, and Schottenfeld D: Diet and risk for
breast cancer recurrence and survival. Breast Cancer Res Treat 53,
241-253, 1999.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Taylor R, Davis P, and Boyages J: Long-term survival with breast can-
cer in New South Wales women. Eur J Cancer 39, 215-222, 2003.
Connolly JL, Boyages J, Nixon AJ, Peiro G, Gage I, et al.: Predictors
of recurrence after conservative surgery and radiation therapy for inva-
sive breast cancer. Mod Pathol 11, 134-139, 1998.

Pinder SE, Ellis 10, Galea M, O’Rouke S, Blamey RW, et al.: Patho-
logical prognostic factors in breast cancer. III. Vascular invasion: rela-
tionship with recurrence and survival in a large study with long-term
follow-up. Histopathology 24, 41-47, 1994.

Durnin JV and Womersley J: Body fat assessed from total body density
and its estimation from skinfold thickness: measurements on 481 men
and women aged from 16 to 72 years. Br J Nutr 32, 77-97, 1974.
Smith W, Mitchell P, Reay EM, Webb K, and Harvey PW: Validity and
reproducibility of a self-administered food frequency questionnaire in
older people. ANZ J Pub Health 22, 456463, 1998.

United States Department of Agriculture: USDA-Iowa State Univer-
sity Database on the Isoflavone Content of Foods, 1997.

Thompson LU, Robb P, Serraino M, and Cheung F: Mammalian lignan
production from various foods. Nutr Cancer 16, 43-52, 1991.
Murphy PA, Song T, Buseman G, Barua K, Beecher GR, et al.:
Isoflavones in retail and institutional soy foods. J Agric Food Chem 47,
2697-2704, 1999.

Chang B: Development and validation of a phytoestrogen question-
naire. In Masters of Nutrition and Dietetics Research Essays. Sydney:
The University of Sydney, 1998.

Ha TC: Phytoestrogens and Indicators of Breast Cancer Survival. Syd-
ney: The University of Sydney, 2004.

Karr SC, Lampe JW, Hutchins AM, and Slavin JL: Urinary
isoflavonoid excretion in humans is dose dependent at low to moderate
levels of soy-protein consumption. Am J Clin Nutr 66, 46-51, 1997.
D’Eredita G, Giardina C, Martellotta M, Natale T, and Ferrarese F:
Prognostic factors in breast cancer: the predictive value of the
Nottingham Prognostic Index in patients with a long-term follow-up
that were treated in a single institution. Eur J Cancer 37, 591-596,
2001.

Vorgias G, Koukouras D, Paleogianni V, and Tzoracoeleftherakis E:
Prognostic significance of factors affecting disease free interval and
overall survival for stage II breast cancer in Greece. A multivariate co-
hort study. Eur J Obstet Gynecol Reprod Biol 95, 100—-104, 2001.
Pereira H, Pinder SE, Sibbering DM, Galea MH, Elston CW, et al.:
Pathological prognostic factors in breast cancer. IV. Should you be a
typer or a grader? A comparative study of two histological prognostic
features in operable breast carcinoma. Histopathology 27, 219-226,
1995.

Hsieh CY, Santell RC, Haslam SZ, and Helferich WG: Estrogenic ef-
fects of genistein on the growth of estrogen receptor-positive human
breast cancer (MCFE-7) cells in vitro and in vivo. Cancer Res 58,
3833-3838, 1998.

Constantinou Al Krygier AE, and Mehta RR: Genistein induces matu-
ration of cultured human breast cancer cells and prevents tumor growth
in nude mice. Am J Clin Nutr 68, S1426-S1430, 1998.

Lamartiniere CA, Wang J, Smith-Johnson M, and Eltoum IE:
Daidzein: bioavailability, potential for reproductive toxicity, and
breast cancer chemoprevention in female rats. Toxicol Sci 65,
228-238, 2002.

Murkies A, Dalais FS, Briganti EM, Burger HG, Healy DL, et al.:
Phytoestrogens and breast cancer in postmenopausal women: a case
control study. Menopause 7,289-296, 2000.

Yamamoto S, Sobue T, Kobayashi M, Sasaki S, and Tsugane S: Soy,
isoflavones, and breast cancer risk in Japan. JNCI 95,906-913, 2003.
Early Breast Cancer Trialists’ Collaborative: Tamoxifen for early
breast cancer. Cochrane Database Sys Rev CD000486, 2001.
Touillaud MS, Pillow PC, Jakovljevic J, Bondy ML, Singletary SE, et
al.: Effect of dietary intake of phytoestrogens on estrogen receptor sta-
tus in premenopausal women with breast cancer. Nutr Cancer 51,
162-169, 2005.

Nutrition and Cancer 2006



