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STROGEN 1S BELIEVED TO PLAY
a central role in breast cancer
development and progression.
Blocking the effect of estrogen,
either by inhibiting estrogen action or by
reducing estrogen production, has been
widely used in breast cancer treatment
asan adjuvant therapy.* Soy foodsare rich
in phytoestrogens, mainly in the form of
isoflavones, which are natural estrogen
receptor modulators that possess both
estrogen-like and antiestrogenic proper-
ties. Soy constituents have also been
shown to have other anticancer effects,
including the inhibition of DNA topai-
somerase Land 11, proteases, tyrosine ki-
nases, inositol phosphate, and angiogen-
esis and may also boost immune response
and possess antioxidative effects.*’
Consumption of soy food has been in-
versely related to the risk of breast can-
cer in many epidemiological studies.**
However, genistein, a major form of iso-
flavone, has been shown to enhance the
proliferation of breast cancer cells in vitro
and to promote estrogen-dependent
mammary tumor growth in ovartecto-
mized rats.*” In addition, breast cancer
treatments often lead 1o a decrease in the
endogenous estrogen supply of survi-
vors, and a concern has been raised as
to whether soy isoflavones may exert
their estrogenic effects, promote cancer
recurrence, and, thus, negatively influ-
ence overall survival."® Furthermore,
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Context Soy foods are rich in isoflavones, a major group of phytoestrogens that have
been hypothesized to reduce the risk of breast cancer. However, the estrogen-fike effect
of isoflavones and the potential interaction between isoflavones and tamoxifen have
led to concern about soy food consumption among breast cancer patients.

Objective To evaluate the association of soy food intake after diagnosis of breast
cancer with total mortality and cancer recurrence.

Design, Setting, and Participants The Shanghai Breast Cancer Survival Study, a
large, population-based cohort study of 5042 female breast cancer survivors in China.
Women aged 20 to 75 years with diagnoses between March 2002 and
April 2006 were recruited and followed up through June 2009. Information on cancer
diagnosis and treatment, lifestyle exposures after cancer diagnosis, and disease pro-
gression was collected at approximately 6 months after cancer diagnosis
and was reassessed at 3 follow-up interviews conducted at 18, 36, and 60 months
atter diagnosis. Annual record linkage with the Shanghai Vital Statistics Registry da-
tabase was carried out to obtain survival information for participants who were lost to
follow-up. Medical charts were reviewed to verify disease and treatment information.

Main Outcome Measures Total mortality and breast cancer recurrence or breast
cancer-related deaths. Cox regression analysis was carried out with adjustment for
known clinical predictors and other lifestyle factors. Soy food intake was treated as a
time-dependent variable.

Results During the median follow-up of 3.9 years (range, 0.5-6.2 years), 444 deaths
and 534 recurrences or breast cancer-related deaths were documented in 5033 surgically
treated breast cancer patients. Soy food intake, as measured by either soy protein or soy
isoflavone intake, was inversely assocated with mortality and recurrence. The hazard ratio
associated with the highest quartile of soy protein intake was 0.71 (95% confidence inter-
val [C1), 0.54-0.92) for total mortality and 0.68 (95% Cl, 0.54-0.87) for recurrence com-
pared with the lowest quartile of intake. The multivariate-adjusted 4-year mortality rates
were 10.3% and 7.4%, and the 4-year recurrence rates were 11.2% and 8.0%, respec-
tively, for women in the lowest and highest quartiles of soy protein intake. The inverse
association was evident among women with either estrogen receptor-positive or -nega-
tive breast cancer and was present in both users and nonusers of tamoxifen.
Conclusion Among women with breast cancer, soy food consumption was signifi-
cantly associated with decreased risk of death and recurrence.
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both in vivo and in vitro studies have sug-
gested that soy isoflavones may interact
with tamoxifen, although both synergis-
tic and antagonistic interactions have
been reported **

To our knowledge, only 1 epidemio-
logical study, the Life After Cancer Epi-
demiology (LACE) study, has evalu-
ated the association of postdiagnosis soy
isoflavone intake with cancer recur-
rence. An inverse association was sug-
gested for postmenopausal women who
had used tamoxifen.'*

Herein, we report a comprehensive
evaluation of the association of soy food
consumption after diagnosis of breast
cancer with outcomes using data from a
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longitudinal study of 5042 breast can-
cer patients, with a particular focus on
differences in the association according
to the estrogen receptor (ER) status of
the cancer and tamoxifen use by patients.

METHODS
Study Population

The current report includes partici-
pants of the Shanghai Breast Cancer Sur-
vival Study, a longitudinal, population-
based study of women aged 20 to 75
years who were diagnosed as having pri-
mary breast cancer between March 2002
and April 2006 and were permanent resi-
dents of Shanghai, China. Patients were
identified from the population-based
Shanghai Cancer Registry and re-
cruited into the study approximately 6
months after cancer diagnosts.

Of the 6299 cases identified, 5042
provided written inlormed consent and
participated in the study (participa-
tion rate, 80.0%). Among the remain-
ing cases, 737 (12.0%) refused to par-
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ticipate, 258 (4.1%) were absent during
study enrollment, 83 (1,3%) could not
be contacted, and 159 (2.5%) were ex-
cluded for other miscellaneous rea-
sons such as health or communica-
tion problems. Nonparticipants were
similar in age at cancer diagnosis but
were more likely to have an advanced
stage of cancer than study partici-
pants, Nine patients did not receive sur-
gical therapy and were excluded Irom
the analysis, leaving a total of 5033 par-
ticipants for the current study. Cancer
diagnoses were confirmed by a combi-
nation of medical record review and
central review of pathological slides

Data Collection

In-person recruitment and interviews
using a structured questionnaire were
carried out approximately 6,5 months
(SE, 0.7 months) after cancer diagno-
sis by trained interviewers who were re-
tired health care professionals. The
baseline survey questionnaire covered
demographic charactertstics, reproduc-
tive history, disease history, medica-
tion use, selected lifestyle factors, diet,
use of complementary and alternative
medicine, and quality of life.

Clinical information collected in-
cluded cancer stage, tumor ER and pro-
gesterone receptor (PR) status, and pri-
mary treatments (surgery/mastectomy,
radiation therapy, chemotherapy, im-
munotherapy, and hormone therapy
such as tamoxifen). Inpartient medical
charts were reviewed to verify clinical in-
formation. Anthropometric measure-
ments, including height, weight, waist
circumference, and hip circumference,
were taken according to # standard
protocol.

Habitual dietary intake was assessed
for specific time windows: the preced-
ing 6 months for the baseline survey. the
preceding 12 months for the 18-month
survey, and the preceding 18 months for
the 36-month survey. We used a vali-
dated food frequency questionnaire' that
was designed 10 measure consumption
of soy foods commonly consumed in
Shanghai, including tofu, soy milk, fresh
soy beans, and other soy products, as well
as meat, [ish, and cruciferous veg-

etables. Nutrient consumption, includ-
ing soy protein and isoflavone intake, was
estimated by summing the product of
food intake and the nutrient content of
the food item based on the Chinese Food
Composition Tables 2002.'%

The cohort is being followed up by in-
person interviews that take place at 18
months, 36 months, and 60 months after
cancer diagnosts, supplemented by rec-
ord linkage to the Shanghai Vital Statis-
tics Registry (FIGURE). The follow-up
interviews update soy food intake and
complementary and alternative medi-
cine use and collect information on dis-
ease progression and survival status.

As of June 30, 2009, the 36-month in-
terview had been completed for 4354 of
4934 eligible patients (follow-up rate,
88.2%). The 60-month interview is still
ongoing and has been completed for
1868 patients. Women who completed
the 36-month follow-up and women who
dropped out had similar intakes of soy
food and other foods at the baseline sur-
vey. However, the 2 groups differed in
age at diagnosis, body mass index (BMI),
education level, and income, and these
factors were adjusted for in the analyses,

Outcome information for dropouts
was ascertained by annual linkage to the
Vital Statistics Registry database, The
most recent record linkage was con-
ducted in October 2008. A Charlson co-
morbidity index was created for each
woman based on a validated comorbid-
ity scoring system'” and the diagnostic
codes from the International Classifica-
tion of Diseases, Ninth Reviston, Chinical
Modification,'® The institurional review
boards of all participating institutions ap-
proved the study protocol.

Statistical Analysis

The major end points for the study were
any death {total mortality analysis) and
cancer recurrence/metastasis or death
related to breast cancer (recurrence
analysis). Survival status was cen-
sared at the date of last in-person con-
tact or May 31, 2008 (5 months before
the most recent linkage to the Vital Sta-
tistics Registry), whichever was most
recent, For 15 participants who died of
breast cancer but had missing informa-



tion about disease recurrence, we used
the disease stage (TNM)—specific me-
dian interval between disease recur-
rence and death to impute the date of
disease recurrence. We excluded 20 pa-
tients who had a disease-free survival
time of 0 from the recurrence analysis.
Cox proportional hazards models
were used to evaluate the associations of
soy intake with mortality and recur-
rence using age as the nme scale,'” En-
try time was defined as age at diagnosis
and exit time was defined as age at event
or censoring. Soy protein and soy so-
flavone intakes were categorized by quar-
tile distribution and were treated as a
ume-dependent variable in multivari-
ate analysis using a counting process ap-
proach to capture the changes in soy in-
take over the course of the follow-up
period.'” We applied the restricted cu-
bic spline function in Cox regression
analyses to evaluate the association pat-
tern between soy food intake and mor-
tality/recurrence. In these analyses,
soy proteinfisoflavone intake was wreated
as a continuous variable; knots were
placed at the 5th, 10th, 50th, 90th. and
95th percentiles of intake; and the 10th
percentile of intake was used as the rei-
erence * Menopausal status at study en-
rollment was defined as cessation of men-
struarion for at least 12 months,
Differences in sociodemographic and
clinical characteristics across baseline soy
food Intake categories were evaluated
using the Kruskal-Wallis test for con-
tinuous variables and x* test for categori-
cal variables. We adjusted in the multi-
variate analyses for known clinical
prognosis predictors and lifestyle fac-
tors collected at baseline that were re-
lated to both soy food intake and sur-
vival, These included age at diagnosis,
TNM stage, chemotherapy, radio-
therapy. type of surgery, BMI, meno-
pausal status, ER and PR status, tamox-
ifen use, education level, income,
cruciferous vegetable intake, total meat
intake, vitamin supplement use, tea con-
sumption, and physical activity level.
Analyses stratilied by the ER status
of the cancer, disease stage, tamoxifen
use, and menopausal status at study en-
rollment were conducted to evaluate
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whether these factors modified the as-
sociations of soy food intake with total
mortality or recurrence. Multiplicative in-
teraction was evaluated using the log like-

lithood rato test, which compared the
model including only the main effects
with the model including both main ef-
fects and interaction terms.*®

Table 1. Demographic and Clinical Predictors for Breast Cancer Survival in the Shanghai

Breast Cancer Survival Study
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Table 1. Demographic and Clinical Predictors for Breast Cancer Survival in the Shanghal

Breast Cancer Survival Study (continued)
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All statistical analyses were per-
formed using SAS software, version 9.2
(SAS Institute Inc, Cary, North Caro-
lina), and all statistical tests were based
on 2-tailed probability and a signifi-
cance level set at a<.03.

RESULTS

After a median follow-up of 3.9 years
(range, 0.5-6.2 years), 444 rotal deaths
and 534 recurrences or breast cancer—
related deaths were documented in the
cohort, Older age at diagnosis, ad-
vanced disease stage, negative ER or PR
status, high BMI, postmenopausal sta-
tus, low education level, low income,
presence of comorbidity, having more
than 3 pregnancies, and receiving radio-
therapy were inversely related to the sur-
vival rate, while tamoxifen use and ever
use of hormone therapy to alleviate
symptoms of menopause were posi-
tively associated with the survival rate
(TABLE 1).

At the 6-month interview, women who
had high levels of soy food intake tended
to also have higher intakes of meats,
including red meat, white meat, and fish,
and cruciferous vegetables and were more
likely to have received chemotherapy
and/or radical mastectomy, to drink tea,
to have high BMI, to engage in exercise,
and to have more vitamin supplement use
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but were Jess likely 1o have received radio-
therapy compared with women who had
lower levels of soy lood consumption
(eTable 1 [available online at http//Awww
Jjama.com]). Soy food consumption did
not vary by education level, number of
pregnancies, tumor stage, hormone re-
ceplor starus, ginseng use, income, or
family history of breast or ovarian can-
cer. Alcohol consumption, cigarette
smoking, and hormone therapy to alle-
viate symptoms of menopause are rare
in this population and were not related
1o soy food consumption.

Soy food consumption after cancer di-
agnosis, measured as soy protein in-
take, was inversely associated with mor-
tality and recurrence (TABLE 2). The
hazard ratios (HRs) comparing the high-
est and the lowest quartiles of soy pro-
tein intake were 0.71 (95% confidence
interval [Cl], 0.54-0.92) for total mor-
wality and 0.68 (95% Cl, 0.54-0.87) for
recurrence. The corresponding HRs were
0.79 (95% Cl1, 0.61-1.03) for mortality
and 0.77 (95% Cl, 0.60-0.98) for recur-
rence, when soy isoflavone intake was
considered. The associations of soy pro-
tein/isoflayone intake with mortality and
recurrence appear to follow a linear dose-
response pattern until soy protein in-
take reaches 11 g/d (or soy isoflavone in-
take reaches 40 mg/d). After these points,

the assoctation appears (o level off or even
rebound (eFigure 1 and cFigure 2). The
multivariate-adjusted 4-year mortality
rates were 10.3% and 7.4% and the #-year
recurrence rates were 11.2% and 8.0%,
respectively, for women in the lowest and
highest quartiles of soy protein intake.
The multivariate-adjusted mortality and
recurrence curves by soy protein intake
are shown in eFigure 3 and eFigure 4.

The associations of soy food intake
with mortality and recurrence were
observed for women with either ER-
positive or ER-negarive breast cancer
{Table 2). The association berween soy
food intake and total mortality did not
appear to vary by menopausal status
(eTable 2) or by cancer stage (eTable 3).
Excluding 156 women with stage O breast
cancer did not change the results.

Tamoxilen was associated with re-
duced risk of relapse or breast cancer—
specific monality among women with
ER-positive breast cancer (HR, 0.77;95%
Cl, 0.59-1.02). Given that soy isofla-
vones and tamoxifen both bind to ER,
we evaluated the combined effect of soy
food intake and tamoxifen use on sur-
vival among women with ER-positive
breast cancer (TABLE 3). We found that
women in the highest soy food intake
groups had the lowest mortality and re-
currence rate compared with women in
the lowest soy food intake group, re-
gardless of tamoxifen use status, The in-
verse association of tamoxifen use and
recurrence, however, was only seen
among women with low to moderate lev-
els of soy food intake.

Among women whose soy lood in-
take was in the highest quartiles, ta-
moxifen use did not appear to confer
any additional benefit. The HRs for re-
currence associated with the highest
quartile of soy protein intake were 0.65
(95% C1,0.36-1.17) for nonusers of ta-
moxifen and 0.66 (95% CI, 0.40-1.09)
for tamoxifen users, both of which were
lower than the HRs among women who
were in the lowest quartile of soy food
intake and used tamoxifen (HR, 0.93;
95% C1, 0.58-1.51). These point estl-
mates were not statistically significant
because of the small sample size, Tests
for multiplicative Interaction between



soy intake and tamoxifen use were not
statistically significant.

COMMENT

Although soy food consumption among,
US women is substantially lower than
among women in China (the average iso-
flavone intake among US women is 1-6
mg/d*" compared with 47 mg/d in our
study population), soy food consump-
tion in the United States has been increas-
ing rapidly. The percentage of persons
eating soy products at least once per week
was 28% in 2003, up from 15%in 1997 =

Although soy constituents have been
shown to have anticancer properties'”
and improve cardiovascular and bone
health,”* the estrogen-like effect of soy

isoftavones'™* and conflicting data from
in vivo and in vitro studies regarding the
role of soy constituents in stimulating cell
proliferation” have raised a concern
about the safety of soy food consump-
tion among breast cancer survivors,’42
Because concentrated soy isoflavones are
increasingly being added to a wide va-
riety of foods, including beverages, nu-
trition bars, yogurt, baked goods, meal
replacements, and confections, expo-
sure to fsollavones is becoming ubiqui-
tous, which is heightening concern about
soy food consumption among the rap-
idly increasing population of breast can-
cer survivors.

In our comprehensive evaluation of
soy food consumption and breast can-

SOY INTAKE AND BREAST CANCER SURVIVAL

cer outcomes using data from a large,
population-based cohort study, we
found that soy food intake was in-
versely associated with mortality and
recurrence. The inverse association did
not appear to vary by menopausal sta-
tus and was evident for women with
ER-positive and ER-negative cancers
and early and late-stage cancers,
Among the many constituents of soy
food, soy isoflavones are the most in-
tensively studied phytochemicals for
their health-related effects. It has been
shown that soy isoflavones compete
with endogenous estrogens in the bind-
ing of estrogen receptors, increase the
synthesis of sex hormone~binding
globulin (thus lowering the biological

Table 2. Association of Soy Food Intake With Total Mortality and Recurrence in the Shanghai Breast Cancer Survival Study®

i Total Mortality Recurrence/Breast Cancer-Specific Mortality
Quartie of Intake Participants : No. of Events mm%co' No. of Events HR (95% CI)
All Participants
Soy protein, g'd
=531 1254 117 1 [Raferenca] 137 1 [Raferencal
5.32:9.45 1262 85 __0.771059-1.00, 126 0.7 {0.61:0.96) _
9,46-15.: 31 1266 112 072055094 128 069 10.54.087)
>15,31 1260 120 Q.71 §.54-0.82) 133 0.65 {0.54-0.87}
soflavonas, mg/d
=2000 1256 119 1 (Raterence] 144 1 [Reference]
20.01-36,50 1259 & 0.73 {0.56-0.95) 118 0.84 {0.67-1.06}
38.51-82.68 1258 123 Q.77 10.58-1.00) 141 0.65 §0.51-0.84)
=62.68 1260 119 0.79 0.61-1.08) 133 0.77 £.60-0.98}
Women With ER-Negative Breast Cancer
Soy protain, o/d
=5.31 424 54 1 Heterence) 65 1 Reference]
532 9.45 446 48 082 0.57-1.18) 64 093 067-129
DA4E-15.31 L AR L SO SO - ) 0.63 0.42-0.84) &6 0.67 {0.47-0.97)
__>1531 457 - 64 078 054-1.14) 72 N Q.77 §0.54-1 0%
Isoftavones, mg'd
=20.00 424 54 1 Baderance] &7 1 [Faference]
20.01-36.50 441 38 = osipserg 0 00 0 8 20 1010.72-140)
36516268 447 67 _077{0.52-1.13) B iz . 062 {0.43-0.89)
>62.68 460 85 = 085 (0.58-1.24) 73 (.88 (0.62-1.25)
Womaen With ER-Positive Breast Cancer
Soy protein, g'd
=531 - 808 1 [Redarance] &7 1 [Reference|
5.32-9.45 787 47 0.79 (0.53-1.18) 69 0.71 0.50-1.01)
2481631 7984 29 0.88 (0.61-1.30) &0 079 056110
_>1531 e {1 [ 51 087 (0.45-1.000 59 0.69 0.50-0.98)
Isoflavones, mg/d
=20.00 83 o7 1 [Reterence] 72 1 [Feference]
2001-3850 796 43 0.74 (0.50-1.11) 58 0.80 (0.56-1.14)
36.51-62.68 786 52 0.85 (0.58-1.24) 67 0.78 0.55-1.10)
>62.68 775 50 0.78 10.59-1.18) ) Q.77 §0.54-1,00)
Acbreviations: CI, contoence inerval; R, ag10gen recagtor. HA, hazand o
‘%mmu;maawmmmmmmvnmwwm L Type of surgery eceved.
boly maas ok, nmwmw BR and p 3 el come, w»wmm

e velarmin
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food intake was assessed using a vali-
dated dietary questionnaire and was up-
dated during the course of follow-up.
The high response rate and ability to
adjust for other lifestyle factors also im-
proved the quality of our study. How-
ever, the follow-up period of our study
is still relatively short, which pre-
vented an evaluation of the long-term
effects of soy intake on breast cancer
outcomes. Continued follow-up of the
cohort would overcome this limita-
tion, Our study also has limited statis-
tical power for subanalyses (eg, ER sta-
tus, tamoxifen use status).

In summary, in this population-
based prospective study, we found that
soy food intake is safe and was associ-
ated with lower mortality and recur-
rence among breast cancer patients, The
association of soy food intake with mor-
tality and recurrence appears to fol-
low a linear dose-response pattern un-
til soy food intake reached 11 g/d of soy
protein; no additional benefits on mor-
tality and recurrence were observed
with higher intakes of soy food. This
study suggests that moderate soy food
intake is safe and potentially benefi-
cial for women with breast cancer.
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