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ABSTRACT

Background: The intake of soy isoflavones among women
with breast cancer has become a public health concern,
because these compounds have weak estrogenic effects.
There is little clinical evidence about their safety for
patients with breast cancer who are receiving adjuvant
endocrine therapy.

Methods: For patients who underwent surgery for breast
cancer between August 2002 and July 2003 and who were
receiving adjuvant endocrine therapy, we examined associ-
ations between dietary intake of soy isoflavones and
recurrence of breast cancer and death. We measured
dietary intake of soy isoflavones at baseline using a valid-
ated food frequency questionnaire. We estimated hazard
ratios (HRs) and 95% confidence intervals (Cls) by means of
multivariable Cox proportional hazards regression models.
We further stratified the analyses by hormonal receptor
status and endocrine therapy.

Results: The median follow-up period for the 524 patients
in this study was 5.1 years. Among premenopausal
patients, the overall death rate (30.6%) was not related to
intake of soy isoflavones (HR = 1.05, 95% Cl 0.78-1.71 for
the highest quartile [> 42.3 mg/day] v. the lowest quartile
[< 15.2 mg/day], p for trend = 0.87). Relative to post-
menopausal patients in the lowest quartile of soy
isoflavone intake, the risk of recurrence for post-
menopausal patients in the highest quartile was signifi-
cantly lower (HR = 0.67, 95% Cl 0.54-0.85, p for trend =
0.02). Inverse associations were observed in patients with
estrogen and progesterone receptor positive disease and
those receiving anastrozole therapy.

Interpretation: High dietary intake of soy isoflavones was
associated with lower risk of recurrence among post-
menopausal patients with breast cancer positive for estro-
gen and progesterone receptor and those who were
receiving anastrozole as endocrine therapy.

variety of health benefits in terms of cancer and
Acardiovascular disease have been attributed to the

consumption of soy foods, primarily because of soy
isoflavones.* Three primary isoflavones account for virtually
all of the isoflavones in soy beans: genistein (about 50%),
daidzein (about 40%) and glycitein (about 10%). The chem-
ical structure of soy isoflavones is similar to that of estrogens.
The isoflavones are therefore considered to be possible select-
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ive estrogen receptor modulators, which may bind to estrogen
receptors and selectively stimulate or inhibit estrogen-like
action in various tissues.? Given that soy-based foods are now
more frequently consumed than was previously the case, both
as an alternative approach to treating the symptoms of
menopause and for promoting cardiovascular health,** con-
cerns have arisen about the intake of these compounds by
patients with hormone-sensitive breast cancer, in whom
tumour growth depends largely on estrogen. Tamoxifen and
anastrozole are commonly used as adjuvant endocrine therapy
for hormone-sensitive breast cancer, and these drugs are
effective in preventing recurrence and prolonging survival.>
In some experimental studies the inhibitory effects of tamoxi-
fen on growth of implanted mammary tumours were negated
by dietary administration of soy isoflavones,’® but in other
rodent cancer models, soy food appeared to enhance the bene-
ficial effects of tamoxifen.’® Little is known about the potential
effects of consuming soy isoflavones for patients with breast
cancer who are receiving adjuvant endocrine therapy. We
used data for a cohort of postoperative patients with breast
cancer who were receiving adjuvant endocrine therapy to
examine the relation between intake of soy isoflavones and
recurrence of breast cancer and death.

Methods

Study participants

From August 2002 to July 2003, we recruited women with a
diagnosis of early or local advanced breast cancer who were
receiving adjuvant endocrine therapy after surgery at the Can-
cer Hospital of Harbin Medical University in Harbin, China.
We identified potentially eligible patients by reviewing the hos-
pital’s pathological diagnosis records after surgery for breast
cancer. The institutional review board of Harbin Medical Uni-
versity provided ethics approval. For each patient, we contacted
the attending physician to confirm eligibility, and asked the
physician to contact the patient on our behalf. Two pathologists
independently confirmed the hormonal receptor status of the
tumours by reviewing the results of streptavidin peroxidase
immunohistochemical staining. The cut-off for positivity was
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set at 10% nuclear staining of tumour cells for estrogen recep-
tor or progesterone receptor. The criteria for menopause were
age 60 years or older; age less than 60 years and amenorrheic
for at least 12 months; or age less than 60 years and amenor-
rheic for less than 12 months, with follicle-stimulating hormone
and estradiol in the postmenopausal range. Patients were
treated with tamoxifen 20 mg/day or anastrozole 1 mg/day as
adjuvant endocrine therapy for five years, unless adverse
effects were unacceptable or the disease progressed.

Assessment of dietary intake of soy isoflavones

After obtaining informed consent, we asked each patient to
complete a comprehensive questionnaire covering demo-
graphic characteristics, physical activity and usual diet. The
food frequency questionnaire was modelled after a validated

instrument® and included questions about usual consumption
of soymilk, soy flour, dry soybeans, fresh soybeans, soybean
sprouts, tofu and other soy products. We also conducted an
interview, during which we asked each participant about the
frequency of consumption of various soy foods (daily,
weekly, monthly or yearly) and the amount eaten per unit of
time (day, week, month or year) in the previous five years.
We then calculated the intake of soy isoflavones using the
food composition database published by the Chinese Center
for Disease Control and Prevention, which provides the
isoflavone content of selected foods.** We categorized the
mean daily intake of soy isoflavones in quartiles. We also
asked all participants whether their intake of soy foods after
diagnosis was similar to, greater than or less than their usual
intake of these foods in the previous five years.

Table 1: Demographic and clinical characteristics of 524 patients with breast cancer

Event; no. (%) of patients in category

Total Recurrence Death

Characteristic n=>524 n=185 p value n=154 p value
Age at diagnosis, yr 0.030 0.73
<45 104 (100) 43(41.3) 32(30.8)

45-54 197 (100) 76(38.6) 62(31.5)

55-64 156 (100) 52(33.3) 43(27.6)

> 64 67(100) 14(20.9) 17 (25.4)
Menopausal status 0.24 0.55
Premenopausal 248 (100) 94(37.9) 76(30.6)
Postmenopausal 276(100) 91(33.0) 78(28.3)

TNM stage < 0.001 < 0.001
| 64(100) 10(15.6) 8(12.5)

Il 345(100) 96 (27.8) 81(23.5)

1 115 (100) 79(68.7) 65 (56.5)

ER/PR status 0.88 0.28
ER+ /PR+ 295(100) 102 (34.6) 79(26.8)

ER+/PR- 152 (100) 54 (35.5) 48(31.6)

ER—/PR+ 77 (100) 29(37.7) 27(35.1)

Endocrine therapy 0.41 0.94
Tamoxifen 438(100) 158(36.1) 129(29.5)

Anastrozole 86 (100) 27(31.4) 25(29.1)
Chemotherapy 0.055 0.014
Yes 446 (100) 150(33.6) 122 (27.4)

No 78(100) 35(44.9) 32(41.0)
Radiotherapy 0.056 0.57
Yes 55 (100) 13(23.6) 18(32.7)

No 469 (100) 172(36.7) 136 (29.0)

Soy isoflavones 0.41 0.97
<15.2 132(100) 54 (40.9) 39(29.5)

15.3-25.4 132(100) 47 (35.6) 37(28.0)

25.5-42.3 130(100) 43(33.1) 40(30.8)

>42.3 130(100) 41(31.5) 38(29.2)

Note: ER = estrogen receptor, PR = progesterone receptor.
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Follow-up

We followed patients until July 2008. From the medical
records of patients who could be contacted at that time, we
obtained complete clinical data for our analyses, including age
at diagnosis, medical history, Karnofsky performance status,
menopause status, pathological diagnosis, clinical stage of
cancer, treatment (surgery, chemotherapy, radiotherapy and
endocrine therapy), response to treatment and overall out-
come. We also obtained information about disease progress,
date of recurrence (if any), and date and cause of death (if
deceased). For participants who could not be contacted, we
established survival status by linkage to a mortality registry.

Statistical analysis

We used Cox proportional hazards regression to estimate
hazard ratios (HRs) and 95% confidence intervals (Cls) for
the association between intake of soy isoflavones and recur-
rence or death, with HR values above 1.0 indicating
increased risk. We calculated the sample size for Cox
regression using the method reported by Hsieh and Lavori.*
According to our preliminary results, we needed a sample of
246 observations to achieve 80% power at a significance
level of p = 0.05 to detect an anticipated death rate of 30%.
In the multivariable analyses for premenopausal and post-
menopausal patients, we adjusted the models for the follow-
ing known risk factors related to breast cancer survival: age
at diagnosis, TNM stage, hormonal receptor status,
chemotherapy, radiotherapy and endocrine therapy. We
developed our final multivariable models using stepwise
selection, allowing variables to remain in the model if they
were significant at the 0.05 level. We applied the restricted
cubic spline function in Cox regression analyses to test for
the proportional hazards assumption and to evaluate the pat-
tern of association between intake of soy isoflavones and
recurrence or death.*® To test for linear trends across quar-
tiles of soy isoflavone intake, we assigned the median value
for the study population to each category and used these
values as a continuous variable. We conducted analyses
stratified by estrogen and progesterone receptor status and
by endocrine therapy to evaluate whether these hormonal
factors modified the association between intake of soy
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isoflavones and recurrence of breast cancer. All statistical
tests were based on two-tailed probability and a significance
level set at ov < 0.05.

Results

Of 565 eligible patients whose physicians agreed they could
participate, 524 enrolled and completed the questionnaire. At
the time of diagnosis, the patients ranged in age from 29 to 72
years (Table 1). Of the 524 patients, 248 (47.3%) were pre-
menopausal, 276 (52.7%) were postmenopausal, 446 (85.1%)
received adjuvant chemotherapy, and 55 (10.5%) underwent
postoperative radiotherapy. All 248 of the premenopausal
patients and 190 of the postmenopausal patients received
tamoxifen as adjuvant endocrine therapy, and 86 of the post-
menopausal patients received anastrozole. All of the patients
had cancer that was positive for estrogen receptor, positive for
progesterone receptor or positive for both (Table 1). The median
interval between surgery and the study interview was 120 days.

In these patients, soymilk accounted for 26% of total intake
of soy isoflavones, followed by tofu (21%) and soy flour
(15%). The mean daily intake of isoflavones was 25.6 mg/day
for all patients. Within the quartiles for isoflavone consump-
tion, the mean intake was 6.5, 18.2, 35.8 and 49.6 mg/day.
These amounts fall within the average range of intake of soy
isoflavones in Asian countries (25-50 mg/day).* All partici-
pants completed the supplementary survey about intake of soy
foods. Most participants (452 [86.3%]) reported no change in
intake of soy foods over the previous five years, 29 (5.5%)
reported an increase and 43 (8.2%) reported a decrease.

Of the original 524 patients, we were able to contact 508
directly for follow-up in July 2008. Among the 16 patients
who could not be contacted directly, the mortality registry
revealed 10 deaths. For six patients there was no match in the
registry, and we assumed that they were still living. The total
number of deaths was 154, and 132 of these were due to
breast cancer. The other causes of death were cardiovascular
disease (12 patients), respiratory disease (5), other cancers (2)
and other causes (3).

The five-year recurrence rate of premenopausal patients
was higher than that of postmenopausal patients, but this dif-

Table 2: Adjusted association between soy isoflavones and recurrence of breast cancer or death in 248 premenopausal and 276

postmenopausal patients (total n = 524)

Premenopausal Postmenopausal

Risk of Risk of
Soy recurrence, Risk of death, recurrence, Risk of death,
isoflavones, Cases of adjusted HR* adjusted HR* Cases of adjusted HR* adjusted HR*
mg/d recurrence (95% ClI) Deaths (95% ClI) recurrence (95% ClI) Deaths (95% ClI)
<15.2 29/68 1.00 21/68 1.00 25/64 1.00 18/64 1.00
15.3-25.4 24/63 0.96 (0.62-1.46)  19/63 0.95 (0.76-1.56) 23/69 0.74 (0.64-0.96) 20/69 1.12(0.81-1.82)
25.5-42.3 20/58 0.86 (0.56-1.47) 17/58 0.92 (0.59-1.43) 23/72 0.72 (0.58-0.92) 21/72 1.02 (0.72-1.51)
>42.3 21/59 0.88 (0.61-1.23)  19/59 1.05(0.78-1.71) 20/71 0.67 (0.54-0.85) 19/71 0.88 (0.56-1.24)
p for trend 0.46 0.87 0.02 0.76

Note: CI = confidence interval, HR = hazard ratio.

*Adjusted for age at diagnosis, TNM stage, estrogen and progesterone receptor status, chemotherapy and radiotherapy. Values of HR > 1 indicate increased risk.
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ference was not statistically significant. There was a trend for
an increase in rates of recurrence and death with worsening
TNM stage (p < 0.01). The rates of recurrence and death did
not vary significantly with estrogen and progesterone receptor
status or with endocrine therapy.

Menopausal status

There was no association between intake of soy isoflavones
and recurrence or death among premenopausal patients, and
this relationship did not vary by selected prognostic factors,
including age at diagnosis, hormonal receptor status, TNM
stage or cancer treatment (Table 2). Among the post-
menopausal patients, an inverse association was observed
between intake of soy isoflavones and recurrence. Compared
with postmenopausal patients in the lowest quartile of soy
isoflavone intake (< 15.2 mg/day), those in the highest quar-
tile (> 42.3 mg/day) had a significantly lower risk of recur-
rence (HR 0.67, 95% CI 0.54-0.85, p for trend = 0.02). In
contrast, there was no association between soy isoflavone
intake and death in postmenopausal patients. The results of
analyses for mortality specific to breast cancer were similar to
those for all-cause mortality (HR 0.92, 95% CI 0.60-1.31, p
for trend = 0.82 for risk of death). We also examined the
association between intake of soy isoflavones and recurrence

or death among patients with no change in intake over time,
to determine whether a change in intake after diagnosis might
alter these associations. The associations were similar for
those patients (HR 0.68, 95% CI 0.59-0.87, p for trend = 0.02
for risk of recurrence among postmenopausal patients).

Hormonal receptor status and endocrine therapy

We stratified the analyses for risk of recurrence according to
estrogen and progesterone receptor status and endocrine therapy
for postmenopausal patients. Statistically significant inverse
associations between intake of soy isoflavones and recurrence
were observed for patients with estrogren- and progesterone-
positive disease and for patients receiving anastrozole therapy
(Figure 1). Among postmenopausal patients with estrogren- and
progesterone-positive breast cancer, those in the highest quartile
of isoflavone intake had a significantly lower risk of recurrence
than those in the lowest intake quartile (HR 0.66, 95% CI 0.49—
0.86, p for trend = 0.01). The recurrence rate of estrogren- and
progesterone-positive breast cancer was 12.9% lower among
patients in the highest quartile of soy isoflavone intake than
among those in the lowest quartile. Among postmenopausal
patients receiving anastrozole therapy, those in the highest quar-
tile of isoflavone intake had a significantly lower risk of recur-
rence than those in the lowest intake quartile (HR 0.65, 95% CI
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Figure 1: Forest plot of adjusted hazard ratios (HRs) for the effect of intake of soy isoflavones on recurrence among postmenopausal
patients with breast cancer, stratified by estrogen and progesterone receptor status and endocrine therapy. Cl = confidence interval,
ER = estrogen receptor, PR = progesterone receptor, Q1 to Q4 = quartiles according to intake of soy isoflavones, where Q1 is < 15.2

mg/day and Q4 is > 42.3 mg/day.
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0.47-0.85, p for trend = 0.005). The recurrence rate for post-
menopausal patients receiving anastrozole therapy was 18.7%
lower among patients in the highest quartile of soy isoflavone
intake than those in the lowest quartile.

Interpretation

In this study, intake of soy isoflavones did not affect recur-
rence and death among premenopausal patients with breast
cancer who were receiving endocrine therapy. However, post-
menopausal patients in the highest quartile of soy isoflavone
intake had a lower risk of recurrence while they were receiv-
ing endocrine therapy. There was no statistically significant
difference in physical activity or other aspects of usual diet
between patients eating high and low amounts of soy food,
which would appear to exclude any effect of these lifestyle
factors in the risk analyses.

Epidemiologic evidence has suggested that exposure to
relatively high concentrations of soy isoflavones during ado-
lescence may have a protective effect in relation to breast can-
cer during adulthood.®*** However, the consumption of soy
isoflavone supplements (as hormone replacement therapy) by
women at high risk of breast cancer and by breast cancer sur-
vivors is still controversial. Concern has arisen that soy
isoflavones may have a detrimental effect in these women
because they may stimulate the growth of estrogen-sensitive
breast tumours. Until now, clinical research has been limited,
and there is little clinical evidence to suggest that intake of
soy isoflavones increases the risk of breast cancer among
healthy women or worsens the prognosis for those who have
breast cancer.*” The results of the Shanghai Breast Cancer
Study, conducted between 1996 and 1998, showed that soy
intake was unrelated to disease-free breast cancer survival,
but the authors of that study did not take endocrine therapy
into consideration in their survival analyses.** A recent epi-
demiologic study involving 1954 female survivors of breast
cancer also suggested a lower risk of breast cancer recurrence
with high intake of daidzein and glycetin among both post-
menopausal women and tamoxifen users.*

After menopause, despite the loss of ovarian hormones,
most estrogens are formed in the peripheral tissues and exert
their effects locally in a paracrine or intracrine manner.?
Among postmenopausal women, the concentration of 17f3-
estradiol in breast tumours is at least 20-fold higher than that
in the circulation, but among premenopausal women with
breast cancer, this difference was only five-fold.** There is
growing evidence that soy isoflavones may have a protective
effect in terms of initiation or progression of breast cancer
because they inhibit the local production of estrogens from
circulating precursors in breast tissue. In vitro experiments
have shown that isoflavones inhibit the activity of aromatase
and 17B-hydroxysteroid dehydrogenases involved in the syn-
thesis of estradiol from circulating androgens and estrones.?#
This may explain the beneficial effects of soy isoflavones on
postmenopausal patients who are receiving endocrine ther-
apy. Anastrozole is a third-generation aromatase inhibitor that
has been approved for the treatment of postmenopausal breast
cancer worldwide. In the study reported here, high intake of
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soy isoflavones reduced the risk of recurrence among patients
receiving anastrozole treatment. This effect might be due to
the synergistic inhibitory effects of isoflavones and anastro-
zole on the synthesis of estrogen.

We found that the statistically significant inverse associa-
tions between intake of soy isoflavones and breast cancer
recurrence in postmenopaual women were restricted to estro-
gen- and progesterone-receptor positive breast cancers. This
finding supports the idea of a differential role for isoflavones
according to hormonal receptor status. It is consistent with the
results of a large cohort study that reported a lower risk of
postmenopausal estrogen- and progesterone-receptor positive
breast cancer in association with higher dietary intakes of
plant lignans and high exposure to enterolignans in a Western
population.? A case—control study also reported that high
intakes of leafy or yellow vegetables were associated with
reduced risks of postmenopausal estrogen- and progesterone-
receptor positive breast cancer.?® These results were also sup-
ported by the epidemiology study of Guha and colleagues,*
who found that the risk of recurrence decreased with increas-
ing intake of isoflavones for tumours that were estrogen- and
progesterone-receptor positive, but not those that were estro-
gen- and progesterone-receptor negative. These findings sug-
gest that the beneficial effects of soy isoflavones may be
achieved through the estrogen and progesterone receptors.

Limitations

One limitation of this study is the possibility that other bioact-
ive components in soy, such as soy protein, may have benefi-
cial or harmful effects on breast tissue. Also, the results of this
study may not be generalizable to other populations in which
soy consumption is much lower. In addition, we did not obtain
biological samples such as blood or urine for determination of
soy levels, because of the difficulty of collecting such samples
during a follow-up study. Such data might help to explain the
influence of internal metabolism on the activity of isoflavones.

Conclusions

In this study, high dietary intake of soy isoflavones was asso-
ciated with reduced risk of recurrence of disease among post-
menopausal patients with estrogen- and progesterone-receptor
positive breast cancer and those who were receiving anastro-
zole as endocrine therapy. This finding is potentially impor-
tant in terms of recommendations for intake of soy
isoflavones in conjunction with endocrine therapy. Large
multicentre clinical trials and other observational epidemio-
logic studies are needed to confirm these findings.
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ATIVAN is useful for the short-term relief of manifes-
tations of excessive anxiety in patients with anxiety
neurosis. It is also useful as an adjunct for the relief
of excessive anxiety that might be present prior to
surgical interventions. Anxiety and tension associ-
ated with the stresses of everyday life usually do not
require treatment with anxiolytic drugs.

ATIVAN is contraindicated in patients with myasthenia
gravis or acute narrow angle glaucoma, and in those
with known hypersensitivity to benzodiazepines.

Severe anaphylactic/anaphylactoid reactions
have been reported with the use of benzodi-
azepines. Cases of angioedema involving the
tongue, glottis or larynx have been reported
in patients after taking the first or subsequent
doses of benzodiazepines. Some patients
taking benzodiazepines have had additional
symptoms such as dyspnea, throat closing
or nausea and vomiting. Some patients have
required medical therapy in the emergency
department. If angioedema involves the tongue,
glottis or larynx, airway obstruction may occur
and be fatal. Patients who develop angioedema
after treatment with a benzodiazepine should
not be rechallenged with the drug.

ATIVAN is not recommended for use in depressive
neurosis or in psychotic reactions. Because of the
lack of sufficient clinical experience, lorazepam
is not recommended for use in patients less than
18 years of age. Since ATIVAN has a central ner-
vous system depressant effect, patients should be
advised against the simultaneous use of other CNS
depressant drugs. Patients should also be cautioned
not to take alcohol during the administration of
lorazepam because of the potentiation of effects
that may occur. ATIVAN should not be used during
pregnancy. Since lorazepam is also a benzodiazepine

derivative, its administration is rarely justified in
women of childbearing potential. ATIVAN should not
be administered to breast-feeding women, unless
the expected benefit to the mother outweighs the
potential risk to the infant.

Use of benzodiazepines, including lorazepam, may lead
to potentially fatal respiratory depression.

Excessive sedation has been observed with loraz-
epam at standard therapeutic doses.

The most frequently reported adverse reaction to
ATIVAN was drowsiness. See prescribing informa-
tion for complete adverse reaction information.

The lowest effective dose of ATIVAN should be pres-
cribed for the shortest duration possible. The risk of
withdrawal and rebound phenomena is greater after
abrupt discontinuation; therefore, the drug should be
discontinued gradually. Withdrawal symptoms (e.g.,
rebound insomnia) can appear following cessation of
recommended doses after as little as one week of
therapy. Abrupt discontinuation of lorazepam should
be avoided and a gradual, dose-tapering schedule
followed after extended therapy.

ATIVAN should not be administered to individuals
prone to drug abuse. Lorazepam may have abuse
potential, especially in patients with a history of drug
and/or alcohol abuse.
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