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Abstract

Purpose of Review This narrative review aims to determine the impact of postdiagnosis isoflavone intake, via supplements
and foods, on breast cancer outcomes. Foods derived from soybeans are uniquely rich sources of isoflavones, naturally
occurring compounds that can bind to estrogen receptors although the extent to which they exert estrogen-like effects
in humans is unclear. Isoflavones have been rigorously investigated for a wide range of health benefits including breast
cancer prevention. However, their classification as phytoestrogens has led to concern that isoflavones and hence, soy food
consumption, could worsen the prognosis of women with breast cancer and interfere with the efficacy of endocrine therapy
for this disease.

Recent Findings Research in athymic ovariectomized mice shows isoflavones stimulate the growth of existing estrogen-
sensitive mammary tumors. However, extensive clinical research indicates that neither soy foods nor isolated isoflavones
affect markers of breast cancer risk including mammographic density and breast cell proliferation. No effects are observed
even when isoflavone exposure greatly exceeds typical intake in Asian countries. Furthermore, the results from epidemiologic
studies indicate postdiagnosis isoflavone intake from soy foods reduces recurrence and possibly mortality from breast
cancer. Additionally, the limited observational data do not show that isoflavones interfere with the efficacy of tamoxifen or
aromatase inhibitors.

Summary Regardless of their treatment status, evidence indicates that women with breast cancer can safely consume
soy foods. Limiting intake to no more than two servings of traditional Asian soy foods daily, an amount that provides
approximately 50 mg isoflavones, is recommended, not because data indicate exceeding this amount is harmful, but because
few population-based studies involved participants consuming more than this intake recommendation.
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Introduction

In 2022, there were an estimated 2.3 million women diag-
nosed with breast cancer and 665,000 deaths globally from
this disease [1]. There are also nearly 8 million women
alive who were diagnosed with breast cancer within the past
5 years [1]. Evidence indicates diet impacts risk of devel-
oping this disease and possibly breast cancer recurrence
and survival [2, 3]. Foods made from soybeans have been
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rigorously investigated for their impact on both breast cancer
prevention and prognosis.

The findings of a 1990 workshop sponsored by the
National Cancer Institute in the United States (US) led
this institute to fund research examining the soy and breast
cancer relationship [4]. Fueling interest was the historically
low breast cancer incidence rate in Japan [5] and research
demonstrating that isoflavone-rich soy protein, but not soy
protein devoid of isoflavones, inhibited the development
of chemically-induced mammary tumors in rats [6].
Subsequently published migration data showing that the
variation in breast cancer mortality rates between East Asian
countries and the US are due to differences in lifestyle and
environmental exposures, not to genetic differences, added
to the focus on soy [7].
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Isoflavones are naturally occurring plant compounds
found in uniquely high amounts in soybeans [8]. Although
isoflavones are commonly classified as phytoestrogens, they
may also exert effects independent of their interaction with
estrogen receptors (ERs) [9]. A recent systematic review and
meta-analysis of 24 observational studies found that isofla-
vone intake was associated with a statistically significant
decreased risk of developing breast cancer [odds ratio (OR)
(95% confidence interval (CI)); 0.71 (0.72, 0.81)] [10]. How-
ever, it may be that the proposed chemopreventive effects
of isoflavones stem primarily from intake early in life, a
hypothesis first proposed in 1995 [11, 12] and for which
there is considerable epidemiologic support [13-16].

The proposed breast cancer chemopreventive effects of
isoflavones continue to be rigorously investigated although
much of the discussion surrounding these soybean constitu-
ents involves the potential impact of postdiagnosis intake on
breast cancer recurrence and survival. Concerns that isofla-
vone-containing soy foods are contraindicated for women
with breast cancer, henceforth referred to as the soy and
breast cancer controversy (SBCC), arose in earnest in the
late 1990s. Concerns were due to research showing that in
athymic ovariectomized mice implanted with MCF-7 cells (a
human estrogen sensitive breast cancer cell line), isoflavones
stimulate the growth of existing mammary tumors [17]. Over
the past 25 years, much clinical and observational research
relevant to the SBCC has been published. Although no long
term randomized controlled trial (RCT) has examined the
effect of postdiagnosis soy intake on breast cancer recur-
rence or survival, several cancer and health organizations
have concluded that soy foods can be safely consumed by,
and may even benefit, breast cancer survivors (Table 1).

However, in most instances, these position statements
were based primarily on epidemiologic research, which in
many cases, was somewhat limited when they were issued.
Also, few agencies have specifically commented on soy
consumption during endocrine therapy. This omission is
problematic because women with ER-positive (ER+) breast
cancer, which accounts for about 70% of all breast cancers
[18-20] may be treated with tamoxifen and/or aromatase
inhibitors (Als) for up to 10 years [21]. Further, among high-
risk women, tamoxifen [22—-24] and Als [25, 26] have been
shown to reduce the risk of developing breast cancer. Thus,
many women will be using medications that could poten-
tially interact with isoflavones [27, 28].

An interaction between isoflavones and tamoxifen would
not be unusual as there are a host of well-established food
and drug, and dietary supplement and drug, interactions
[29]. A cross-sectional study involving 380 Asian American
breast cancer patients revealed that neither soy intake nor
circulating isoflavone levels were associated with circulat-
ing levels of tamoxifen or its metabolites [30]. However,
isoflavones may affect efficacy independent of effects on
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tamoxifen metabolism. Isoflavones could interfere with the
efficacy of tamoxifen by inhibiting its binding to ERs and/
or simply by exerting an estrogenic effect that overwhelms
the anti-estrogenic effect of the drug [31]. In fact, Deng et al.
[32] concluded that soy foods might weaken the efficacy of
tamoxifen based on changes in gene expression found in 14
premenopausal women with luminal A breast cancer. These
results align with the inhibitory effect of isoflavones on the
efficacy of both tamoxifen [33, 34] and the Al, letrozole
[35], in athymic ovariectomized mice.

Finally, since the median age of breast cancer diagno-
sis in the US is 62 (60 and 64 for black and white women,
respectively) [36] and the 15-year overall US survival rate is
80% [36], most women with breast cancer will transition to
long-term survivorship. Therefore, breast cancer survivors
may adhere to dietary recommendations aimed at improving
overall health [37]. In developed countries, these recom-
mendations typically call for increasing plant protein intake
[38, 39]. Soy protein is commonly viewed as the prototypical
plant protein, and research shows that soy foods can make
important contributions to plant-forward diets [40, 41]. Fur-
thermore, isoflavones may exert a range of health benefits
in postmenopausal women [42—44]. Given that women with
breast cancer have an increased risk of developing cardio-
vascular disease [45, 46], the hypocholesterolemic effects
of soy protein [47, 48] and the possible vascular effects of
isoflavones [49], may be especially relevant. Thus, it is par-
ticularly important for breast cancer survivors, and health
care providers who counsel survivors, to fully understand
the health impact of soy food consumption.

Therefore, the purpose of this review is to provide health
professionals with 1) background information on isoflavones
2) an historical perspective on the origins of the SBCC and
3) an evaluation of the clinical and epidemiologic evidence
related to the impact of postdiagnosis soy intake on the
prognosis of breast cancer in women overall and by endo-
crine therapy use. Additional topics discussed are the rel-
evance of the isoflavone delivery vehicle (supplements vs
soy foods) and the acceptable postdiagnosis intake range
for isoflavones.

Isoflavones—Background

The three soybean isoflavones (aglycone form) genistein,
daidzein and glycitein and their respective glycosides, rep-
resent approximately 50%, 40% and 10% of total isoflavone
content, respectively [50]. Isoflavones bind to both ERs.
The original ER, now known as ER-alpha (ERa), was first
described in 1958 [51]. Not until 1996 was ER identified,
the second ER [52]. Two years later it was shown that unlike
estrogen, which binds with equal affinity to both ERs, isofla-
vones preferentially bind to ERp [53]. These receptors have



50

Page 3 of 29

(2025) 14:50

Current Nutrition Reports

L1 Ly18¢/pawqnd/A0S yruwu-iqoummm//:sdny

/K0s/s108]-pooj/uonuarard-1ooued /310 10Te MMM //:sdy

8615 1STE/pawqnd/A03 yruwju 1qaummmy/:sdny
J19JUBD-)SBAIQ-PUB-L0S/SPOO]
/Mou-uonInnu-AyIeay/oj19/310 uoninnuA3ojoouo-mmm//:sdny

NSMIAWUMX9DAGY6909IUH

CUIQUAGODFIWH- X AUINT WY DIWYZIN[[YVM]

=pI1PYIPd Y T-YIONYI-AO0I-LNOIV-HLNIL40/220T
/speordn/juajuod-dm/ar yoIeesa1Ieduedy3NOIYI eaIq mmm//:sdny

Jpd L107 102
-UBd_ PUB I3IP/T [-6107/S[Y/ANEBIOP/SAIS/IduRd Mmm//:sdiy

J1OJUBD-)SBAIQ-IYJE-[[9M-TUIIBI/oTRI-0AT)T
oddns/)sea1q/59d £1-190ULD/UOT)RWIOJUT-IOOURD /U /L 10U/ sdNYy

[UY°L9T8ESH6S [-00Y1oduLd-ISBalq-1iIm
-sjuaned-10J-0Jes-A0S-S1/0STMI00URD /IO UOSIOpUBPW MMM //:sdNY
/190ued-pue-Kos/sbey
/SOJIAIRS-UONLINU/SANIUIWE-PUL-SO1AISs-1Ioddns Juswyeon
-pue-ared/sariure-pue-sjuaned-10y/310°-19qIej-euep mmm//:sdny
SQUOAR
POSI-£0S-190US-UOTJBWLIOJUI/SOOIN0SAI-PAYe[1/A)1S9qo/uonu
aad1d/Korooape-pue-Aorjod/sn-1noqe/ne: 310 100ued Mmmm//:sdny

QOUALINDAI JO YSLI Y} ASLaId0p ABW SIY) 9snedaq Kos
QWINSUOD 0) POPUIWTIOIAT A ULD JOIUED JSLIq Y)M SJUdNe

£0S JO SsjUNOWE J)BISPOW SWNSUOD OYM SISOUSRIP J9)J& dI0W
10 Te3A © usWom SUOWE ‘90UAIINIAI paseaIodap sdeyrad pue
‘[BATAINS [[BIDAO J9)BQIS I0] [eNUSI0d SMOYS OUSPIAS PN

S100)j0 aAneIgjIjoidnue pue srueiou

-101edT)UE SBY YIIYM ‘gYH JO uUonenpow Y3 ySnoiy) [eAIAINS

I9OUBD 1SBAIq 9SBAIOUT ABW SQUOABOST A0S "90UALINIAT JO

SLI JoMO] B [)IM PIJBIOOSSE ST aIUT QUOABJOSI A0S sIsouSe
-1p3sod 10 ‘stsouserpisod 1o sisouserpaid 1oyioym ‘Oxyejur Aog

QOUQLINOAIT JOOUED JSBAIq ISBIIOAP
Kewr Spooj A0S "spooj A0S Jea A[oJes Ued SIOATAINS IOOURD JSBAIg

Y[Tw puowfe Jo eA0S Se Yons ‘SoAneuId)[e
Kirep asn uay AIrep aYI[SIP noA J] "Aep Yoea J1p Inok ur AIrep
Jo suoniod ¢—g opn[ou] ‘Jusunean I90ued Jurmnp Junes Ayifeoy
JUSUIJEOI) JOOUED JSBAIQ UT PAsn SIONQIYUT dSejeore
)M 9J9JIOIUI OS[e AeW A0S "UQJIXOWE) JUDe) 98 pue Jooued
1SB2Iq ANISUS-OUOULIOY 2ARY NOK JI UaYe) 29 10U p[noys A0S
J[qeidaooe st ATrep spooj Aos jo sSuralas ¢ 0) dn
‘uowom [esnedousursod ur A[[eroadsa ‘[eAIAINS IOOUERD JSBAIq
onoidwt Aewl pUB SIOAIAINS JOOUED JSEAIQ ULIRY 0} A[yI[un
SI J9Ip paoue[eq-[[om ‘Ayifeay e o 1red se pownsuod £0g
Io0uRD JS8aIq +¥H Yim sjuaned
UI USAD — 9OUQLINOAT JOOUED JO YSLI 0npal Aewl Spooj £0S
Ppajean Suroq uayMm USAD JOOUED ISBAIq +YH
)M 950U} SUIPN[OUT SIOATAINS JAOUED JO JAIP ) UI papn[oul
9q ued (p/SSUIAISS Z—]) SPOOJ KOS JO SJUNOWE AJLISPOIA

SIOATAINS JSOUED 158AIq AQ PIPIOAE 9q
0} paau spooj £0s 1ey) 15933NS JOU S0P AOUIPIAS J[QR[IBAL YT,

K12100§ I90UR)) Isoueder

(OIBISY JOOUR)) JOf S)M)IISU] UBDLISWY

£19100G 190UE)) UBILISW Y

€¢/ST/6 PISSY
dnoin sonorig o191 uonIynN A30[00uQ

€¢/ST/6

Passa00y A30[00U() [BIIPIIA JO A19100§ YSLI] 9Y) pue
QwweISold [01NU0D) 12duR)) [eUoneN YL, ‘(IANI) mnsug
dnejeI % uontnnN ysup

£19100§ 190UBD) YSH]

€¢/ST/6 PISSY
£)9100§ 190UR)) URIpRUER))

€T/ST/6 PIsSAOY
I9JUQ)) ISdUE)) UOSIOPUY (A

€T/ST/6 ‘PIssAOY
JmNsu] J9our)) 19qe,] eue(q

YT/0E/y PISSANY
(erensSny) [10UNOY) IdUR))

QOURIRJY

UonNepuawWIoday

uonezuesiQ

JIOOUBD JSBAIQ )IM USWIOM AQ BIUL POOJ A0S INOQE SJUSWId)e)s uonisod | ajqel

pringer

As


https://www.cancer.org.au/about-us/policy-and-advocacy/prevention/obesity/related-resources/information-sheet-soy-isoflavones
https://www.cancer.org.au/about-us/policy-and-advocacy/prevention/obesity/related-resources/information-sheet-soy-isoflavones
https://www.cancer.org.au/about-us/policy-and-advocacy/prevention/obesity/related-resources/information-sheet-soy-isoflavones
https://www.dana-farber.org/for-patients-and-families/care-and-treatment/support-services-and-amenities/nutrition-services/faqs/soy-and-cancer/
https://www.dana-farber.org/for-patients-and-families/care-and-treatment/support-services-and-amenities/nutrition-services/faqs/soy-and-cancer/
https://www.dana-farber.org/for-patients-and-families/care-and-treatment/support-services-and-amenities/nutrition-services/faqs/soy-and-cancer/
https://www.mdanderson.org/cancerwise/is-soy-safe-for-patients-with-breast-cancer.h00-159538167.html
https://www.mdanderson.org/cancerwise/is-soy-safe-for-patients-with-breast-cancer.h00-159538167.html
https://cancer.ca/en/cancer-information/cancer-types/breast/supportive-care/eating-well-after-breast-cancer
https://cancer.ca/en/cancer-information/cancer-types/breast/supportive-care/eating-well-after-breast-cancer
https://www.breakthroughcancerresearch.ie/wp-content/uploads/2022/04/TRUTH-ABOUT-FOOD-CANCER-LR.pdf?fbclid=IwAR1JuKzRmJeG_RmW2UinWx-Em64CQJBDmtDrm3Hnr60b9RbyC6XwnmwTW5U
https://www.breakthroughcancerresearch.ie/wp-content/uploads/2022/04/TRUTH-ABOUT-FOOD-CANCER-LR.pdf?fbclid=IwAR1JuKzRmJeG_RmW2UinWx-Em64CQJBDmtDrm3Hnr60b9RbyC6XwnmwTW5U
https://www.breakthroughcancerresearch.ie/wp-content/uploads/2022/04/TRUTH-ABOUT-FOOD-CANCER-LR.pdf?fbclid=IwAR1JuKzRmJeG_RmW2UinWx-Em64CQJBDmtDrm3Hnr60b9RbyC6XwnmwTW5U
https://www.breakthroughcancerresearch.ie/wp-content/uploads/2022/04/TRUTH-ABOUT-FOOD-CANCER-LR.pdf?fbclid=IwAR1JuKzRmJeG_RmW2UinWx-Em64CQJBDmtDrm3Hnr60b9RbyC6XwnmwTW5U
https://www.oncologynutrition.org/erfc/healthy-nutrition-now/foods/soy-and-breast-cancer
https://www.oncologynutrition.org/erfc/healthy-nutrition-now/foods/soy-and-breast-cancer
https://www.ncbi.nlm.nih.gov/pubmed/32515498
https://www.aicr.org/cancer-prevention/food-facts/soy/
https://www.ncbi.nlm.nih.gov/pubmed/38147174

50 Page 4 of 29

Current Nutrition Reports (2025) 14:50

different tissue distributions and when bound by ligands
result in different and sometimes opposite physiological
effects [54]. In general, activation of ERa and ER is seen
as exerting proliferative and anti-proliferative effects, respec-
tively [54]. Isoflavones bind more weakly to ERs than estro-
gen. However, their weaker relative binding affinity does
not rule out these soybean components from exerting effects
similar to those associated with the hormone estrogen, since
in response to the consumption of 1-2 servings/d of tradi-
tional Asian soy foods, which provide approximately 50 mg
isoflavones, circulating isoflavone concentrations can be
1,000-fold higher than estrogen concentrations [55, 56]. In
other words, the higher circulating isoflavone concentrations
theoretically compensate for their weaker relative binding
activity thereby potentially resulting in transactivation of
ERs and turning on the expression of target genes within
cells.

The preferential binding to ERP provides a molecular
basis for classifying isoflavones as selective estrogen recep-
tor modulators (SERMs) [57-59], a classification they have
in common with tamoxifen [57]. It is notable that three dec-
ades before the discovery in 1996 of ERf, Folman and Pope
[60] opined that the importance of genistein “... may lie
as much in their ability to antagonize the natural steroid
oestrogens as in their own oestrogenic activity.” In other
words, Folman and Pope [60] are suggesting the possible
anti-estrogenic effect of genistein, that is, functioning as an
ER antagonist, may be a more significant attribute of this
isoflavone than its estrogenic effect, that is, functioning as an
ER agonist. However, despite their classification as phytoes-
trogens and SERMs, the extent to which isoflavones exert
anti-estrogen or estrogen-like effects in women has not been
established. To this point, a recently published meta-analysis
of RCTs found that isoflavones did not affect the four end-
points affected by the hormone estrogen that were examined
(endometrial thickness, vaginal maturation index, follicle-
stimulating hormone, and circulating estradiol levels) [61].

Furthermore, isoflavones, and especially genistein, may
exert cellular effects independent of their interaction with
ERs; in fact, the ER-independent actions accounted for much
of the initial interest in the proposed chemopreventive effects
of isoflavones. In vitro, genistein inhibits the activity of
tyrosine protein kinase [62] and DNA topoisomerases [63,
64]. Tyrosine kinases are overexpressed in cancer cells and
are implicated in several steps of neoplastic development and
progression [65]. DNA topoisomerases catalyze changes in
the topological state of DNA [66]. However, these in vitro
effects occur at concentrations beyond that which could
likely be achieved in vivo. This point warrants emphasis
because, although the consumption of high amounts of
isoflavones (> 100 mg/d) produce low micromolar isoflavone
concentrations — concentrations at which a range of effects are
observed in vitro — in the circulation, >98% of the isoflavones
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are conjugated with glucuronic acid or sulfate, forms of
isoflavones which are mostly biologically inactive [55].

There are approximately 3—4 mg of isoflavones per gram
of protein in traditional Asian soy foods such as tofu, tem-
peh, and miso [67, 68]. Note that in this manuscript, iso-
flavone amounts refer to the aglycone equivalent weight.
Isoflavones occur in soybeans and unfermented soy foods
almost exclusively as glycosides with the biologically inac-
tive sugar molecule accounting for approximately 40% of
the glycoside weight. As a rough guide, one serving of a
traditional soy food, such as one cup of soymilk made from
whole soybeans, contains approximately 25 mg of isofla-
vones [69]. However, as a result of processing losses, con-
centrated sources of soy protein such as soy protein isolate
and soy protein concentrate, which are approximately 90%
and 65% protein respectively [70], typically have a lower
(<2 mg/g protein) and more variable isoflavone content than
traditional Asian soy foods [50, 71, 72].

In Japan, older adults consume approximately 30 to
50 mg/d isoflavones [67, 68, 73, 74] whereas in China, soy
intake varies considerably among geographical regions
[75, 76]. For example, mean isoflavone intake in rural Chi-
nese women was found to be only ~18 mg/d [75] whereas
among Shanghainese men [77] and women [78] it is closer
to 40 mg/d. A small percentage of individuals in Japan or
China consume more than 100 mg/d [77-79]. In compari-
son, US [80], Canadian [81] and European [82] per capita
isoflavone intake is typically <3 mg/d. Most soy consumed
throughout the world is in unfermented form, as ethnic
Chinese consume relatively little fermented soy whereas in
Japan, about half of all soy consumed is fermented, and in
Korea, about 20-30% is [67, 83].

Although estimates vary somewhat, the elimination half-
life for isoflavones is approximately eight hours [84-91].
Therefore, steady state plasma concentrations would be
more readily maintained by repeated ingestion of isoflavones
throughout the day than by ingestion just once daily [84].
Also, the bioavailability of isoflavones is nonlinear at higher
intakes, suggesting that uptake is rate-limiting and saturable
[85]. Work in postmenopausal women showed that doubling
isoflavone intake increased plasma concentrations by slightly
more than 50% [92]. Therefore, taking a bolus of isoflavones
will lead to lower sustained circulating concentrations com-
pared to dividing intake into separate doses. This pattern of
intake mimics intake in Asian populations wherein soy foods
may be consumed throughout the day.

Finally, because of the differences in the way rodents
and humans metabolize isoflavones, the former are not a
particularly good model for evaluating the health effects
of these diphenolic compounds. Rodents poorly conjugate
phenolic compounds (e.g., flavonoids) such that the percent-
age of the total circulating concentration of the biologically
active form of isoflavones, i.e., the form not conjugated with
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glucuronic acid or sulfate [93-95], will be much higher in
rodents than in humans [55]. Also, rodents very efficiently
convert the isoflavone daidzein into the isoflavonoid equol,
whereas only about 25% of Europeans and North Americans
and about 50% of Japanese [96] and Chinese [97] host the
intestinal microbiota that can make this conversion. Equol
binds with much greater affinity to ERs than its parent isofla-
vone daidzein [98]. It was proposed in 2002, that those who
possess equol-synthesizing microbiota are more likely to
benefit from soy food consumption than those who not [99].
Interestingly, unlike genistein, equol does not stimulate the
growth of existing ER+ mammary tumors in athymic ova-
riectomized mice [100].

Origins of the SBCC

High in vitro concentrations (> 10 M) of genistein via ER-
independent mechanisms [62, 63], inhibit the growth of
ER+and ER- breast cancer cells. However, at lower and more
physiologic concentrations (107 — 10 M) as a result of ERa
activation [101], the growth of ER+, but not ER- breast cancer
cells, is stimulated [17, 28, 102—104]. The latter finding received
relatively little attention until studies utilizing athymic ovariec-
tomized mice largely supported the in vitro work. However,
whether growth is stimulated likely depends upon the relative
proportion of ERa and ERp, and how the ER-ligand complex
interacts with co-activators and co-repressors in the cell [105]. In
addition to this in vitro research, in 1996 and 1998, pilot interven-
tion studies involving premenopausal women provided support
for the preclinical findings. One study examined nipple aspirate
fluid volume [106] and the other, in vivo breast cell prolifera-
tion [107], although in the latter case, the results were based on
a preliminary analysis of the data, which were not confirmed
when the complete analysis was published one year later [108].
Parenthetically, because of their lower circulating estrogen levels,
it is postmenopausal women who are thought to be most sensitive
to any estrogen-like effects of isoflavones.

Work in athymic ovariectomized mice is primarily respon-
sible for the SBCC. In these mice, T cells are not produced
because they lack a thymus, which allows foreign cells to be
implanted without rejection. To mimic the postmenopausal
state, the ovaries are surgically removed at about three weeks of
age to eliminate estrogen production. When studying mammary
cancer, at about the same time as ovariectomy, MCF-7 cells are
implanted subcutaneously into the fat pads (not orthotopically
implanted into the mammary gland) to initiate tumors. An estro-
gen pellet is initially implanted in all groups to stimulate tumor
growth. Once tumors reach a designated size, typically around
35 mm?, the animals are randomized into dietary groups and
the pellet is removed from all groups except the positive con-
trol. As highlighted below, the results from this model published
between 1998 and 2012 come mostly from one laboratory and

represent the primary evidence upon which concerns about soy
consumption by women with breast cancer are based [109].

Dietary genistein in concentrations ranging from 250 to
1000 ppm stimulate tumor growth in mice implanted with
MCF-7 cells in a dose dependent manner [110].

Dietary daidzein has only a very modest stimulatory
effect on tumor growth [99] and its bacterially-derived
metabolite, equol, is without effect [100].

Genistein does not affect the growth of tumors in mice
implanted with ER- breast cancer cells [111].

Genistein stimulates tumor growth in athymic ovariec-
tomized mice implanted with MCF-7 cells and an estrogen
pellet designed to produce circulating estrogen levels that
mimic concentrations in postmenopausal women [112].

Genistein inhibits the tumor growth-inhibitory effect of
both tamoxifen [33, 34] and letrozole [35].

Soy protein isolate containing varying amounts of gen-
istein increases estrogen-dependent mammary tumor growth
in a dose-dependent manner [113].

Tumor stimulation increases in a stepwise fashion in
response to genistein-containing

products the more they are refined or processed [114].

Translating results from rodents to humans should be
done with caution [115, 116] and not all studies utilizing the
athymic ovariectomized mouse model show genistein stimu-
lates tumor growth [117]. Nevertheless, the research stem-
ming from this model provided a basis for concerns, espe-
cially because not until 2009, was epidemiologic research
published that directly refuted this work [118]. Much of the
concern about isoflavones focused specifically on isoflavone
supplements rather than traditional soy foods [119], although
as discussed later, the evidence justifying differentiating sup-
plements from soy foods is limited.

Positions of Cancer Organizations

Table 1 lists ten health/cancer agencies/organizations that have
opined on soy consumption by breast cancer survivors. Of
those, eight concluded women can safely consume soy and five
mention that soy food consumption may improve prognosis.
Because of their recency, it is especially notable that in 2022,
the American Cancer Society concluded that postdiagnosis
soy intake may reduce recurrence and improve survival [120]
and in 2023, the World Cancer Research Fund International
(Global Cancer Update Programme) identified soy intake as
one of five factors that may improve the survival of breast can-
cer patients, the other four being healthy body mass index, fiber
intake, physical activity and overall healthy eating pattern [3].
However, only two of the ten position statements specifically
address the issue of soy consumption during endocrine therapy.
The Irish Cancer Society advises against it whereas the Dana
Faber Cancer Institute states that soy is not contraindicated.
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Randomized Controlled Trials

As noted previously, no RCT has evaluated the impact of
postdiagnosis soy consumption on breast cancer recurrence
or survival. However, many RCTs have evaluated the impact
of isoflavones on markers of breast cancer risk, notably breast
tissue density and breast cell proliferation. Mammographic
breast density is a well-established risk factor for breast cancer
[121, 122]. Although breast density decreases with age [123],
prospective data show that a slower rate of decrease is asso-
ciated with an increased breast cancer risk [124]. A recently
published meta-analysis of prospective cohort and case—control
studies found that increased breast tissue density over time was
associated with a more than 50% to almost 100% increased
breast cancer risk whereas a decrease in density was associated
with a decreased risk [125]. Both tamoxifen and Als reduce
breast tissue density [126]. Estrogen only hormone replacement
therapy very slightly increases density whereas combined hor-
mone therapy (CHT, estrogen plus progestin) has a much more
pronounced effect, indicating it is the progestin component of
CHT that has an adverse effect on breast tissue [127, 128]. The
effect of CHT on breast tissue density aligns with its effect
on breast cancer risk [129]. According to the North American
Menopause Society, systemic hormone therapy is generally not
advised for survivors of breast cancer, although hormone ther-
apy use may be considered in women with severe vasomotor
symptoms unresponsive to nonhormone options, with shared
decision-making in conjunction with their oncologists {The
Hormone Therapy Position Statement of The North American
Menopause Society Advisory Panel, 2022 #27620} [130].

The other marker examined, although to a lesser extent, is
breast cell proliferation. In vivo breast cell proliferation is a bet-
ter predictor of breast cancer risk than mammographic density
[130]. A fundamental hallmark of cancer cells involves their
ability to sustain chronic proliferation [130]. The most widely
practiced measurement of proliferation involves immunohis-
tochemical detection of the nuclear non-histone protein Ki67,
which is thought to be involved in ribosomal RNA synthesis
[131]. The observation that Ki67 is detected in proliferating cells
but absent in quiescent cells led to its adoption as a measure of
the proportion of cells proliferating in a tumor [132]. Because
cells that proliferate more quickly have less time to repair DNA
damage, they are more likely to be transformed into cancer cells
[133]. CHT has been shown to increase proliferation four to
tenfold within just twelve weeks [134—136], whereas tamoxifen
[137] and letrozole [138], decrease proliferation.

Randomized Controlled Trials: Mammographic
Density

Fourteen RCTs were identified that evaluated the effects of
isoflavone exposure on mammographic density (Table 2). None

@ Springer

of the trials found a significant increase relative to baseline or
to the change in the placebo group. Four of the RCTs involved
premenopausal women [139-142], seven involved entirely
or nearly all postmenopausal women [143—149], and three
involved women of varying menopausal status [150-152].
All trials except one were at least one year in duration [141].
Isoflavone intake ranged from 40 [151] to 120 mg/d [146] and
total (placebo and isoflavone) sample size from 30 [139] to 401
[151], although most trials included at least 75 women. Note
that one RCT was informally published [141], but the pertinent
details were reported in a meta-analysis by Hooper et al. [153].

The three RCTs that intervened with isoflavones derived
from red clover [142, 150, 151] are considered here for the
purposes of examining effects on breast tissue density because
although it contains only small amounts of genistein and
daidzein, the primary red clover isoflavones biochanin A
and formononetin are metabolized in vivo to genistein and
daidzein, respectively [154]. The isoflavone content of a tofu
extract (Tofupill/Femarelle, Se-cure Pharmaceuticals, Dalton,
Israel) that served as the intervention product in one study
was not reported so its isoflavone content is unclear [143].
One study intervened with isoflavones derived from soy germ
[146]. Genistein represents about 15% of the total isoflavone
content of soy germ whereas in soybeans, soy foods and soy
protein isolate, it accounts for about 50% [50]. In several
studies, it was unclear if the isoflavone content of the food or
supplement referred to the aglycone or glycoside weight. One
study intervened with isolated genistein in aglycone form [145].
As noted previously, isoflavones are present in soybeans and
unfermented foods primarily as glycosides.

It is also notable that in the two-year trial by Ferraris et al.
[142], involving premenopausal ER+ breast cancer patients
on tamoxifen with or without luteinizing hormone-releasing
hormone analogues, that the decrease in breast tissue density
in the placebo group was similar to the decrease in the group
consuming 80 mg/d isoflavones derived from red clover
(Table 2). These results indicate that at least with respect to
this one marker, isoflavones do not interfere with the efficacy
of tamoxifen. However, no clinical studies evaluating the
impact of isoflavones on the effects of tamoxifen on breast
cell proliferation were identified.

In 2010, Hooper et al. [153] conducted a meta-analysis of
eight RCTs (N=1287) that evaluated the impact of isoflavones
on mammographic density. They found no significant mean
difference for all women or postmenopausal women in response
to isoflavones but a modest increase for premenopausal women
that was lost in one of three sensitivity analyses. More recently,
after systematically reviewing the relevant RCTs, Finkeldey
et al. [155] concluded that there is little evidence that isoflavone
treatment modulates breast cancer risk factors, including
mammographic density, in pre- and postmenopausal women.
Finally, in a two-year RCT, Chilibeck et al. [156] reported
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no differences in abnormal mammograms between women
consuming 105 mg/d isoflavones and the placebo group.

Randomized Controlled Trials: Breast Cell
Proliferation

None of the six RCTs [108, 157-161] that evaluated in vivo
breast cell proliferation found isoflavone exposure had an
impact in comparison to the control or placebo group, even
though intake greatly exceeded typical Japanese intake in
several trials (Table 3). Three RCTs were approximately three
or fewer weeks in duration [108, 157, 161], the other three
were three [159], six [160], and 12 [158] months long. These
studies involved healthy women [159], women with benign
breast disease and breast cancer [108], women at increased
risk for breast cancer or women with a history of unilateral
minimal risk breast cancer [160], and breast cancer patients
[157, 158, 161]. The isoflavone dose ranged from 36 [159] to
235 [160] mg/d. As an aside, a German cross-sectional study
involving invasive breast cancer patients, found that genistein
intake was inversely associated with Ki67 expression [162],
but because of the extremely low isoflavone intake of this
cohort, the association is unlikely to have a causal basis [163].

There are several aspects to the breast cell proliferation
research that warrant mention. For example, the longest study
was published only as an extended abstract and included only
18 breast cancer patients [158]. Nevertheless, this study did find
that at baseline breast cell proliferation in the non-cancerous
breast of women in both the isoflavone and placebo groups was
increased relative to healthy women, which is consistent with
the two-to-six-fold increased risk women have of developing
contralateral breast cancer compared with the risk in the general
population of women developing a first primary cancer [164].
The study by Hargreaves et al. [108] is the final analysis of a
study involving 28, 23, and 33 women in the soy, control, and
historical control groups, respectively. There were no statistically
significant differences in proliferation as measured by thymidine
labeling index (TLI) and Ki67 labeling index (Ki67LI),
between the combined control groups and the soy group, nor
were there differences in ER and progesterone receptor (PR)
status, apoptosis, mitosis, or Bcl-2 expression [108]. As noted
previously, a preliminary analysis of this research minus the
historical controls, which has been erroneously cited in the
literature as a separate study, did find an increase in proliferation
as measured by TLI but not Ki67LI [107].

In the study by Khan et al. [160], after 6 months exposure
to a daily supplement that provided 235 mg isoflavones, breast
cell proliferation in high-risk premenopausal (n=53) (p=0.31)
and postmenopausal (n=45) (p=0.73) women did not differ
significantly from the placebo group. However, compared to
baseline, there was a statistically significant increase [median Ki67
labelling index (interquartile range)] in premenopausal women
in the isoflavone group [1.71 (1.12-2.35) vs. 2.18 (1.18-3.04),

p=0.04). In addition to not being the primary comparison of
interest, this~27% increase is approximately 16 to 40-fold less
than the increase in response to CHT [134, 165]. Furthermore,
the increase occurred in response to a pharmacologic dose of
isoflavones. Of the 235 mg provided by the supplement, 150 mg
was comprised of genistein, the isoflavone shown to stimulate
tumor growth in athymic ovariectomized mice [17, 100]. This
amount of genistein, which is about 8 times typical Japanese
intake, is provided by approximately 15 servings of traditional
soyfoods [67]. In the study by Shike et al. [161], there were no
effects of isoflavones on proliferation but the increase in a measure
of apoptosis (Cas3) in response to isoflavones almost reached
statistical significance (0.07).

Finally, despite cell proliferation not increasing, in three of
the six RCTs gene expression was modified in a way suggestive
of an increased breast cancer risk and similar to that which
might be expected from exposure to estrogen [108, 160, 161].
Several other studies that examined gene expression produced
mixed results. For example, after 5 d of soymilk (250 ml)
consumption Coussement et al. [166] reported no major general
epigenetic reprogramming in the breast of women undergoing
aesthetic breast reduction surgery. In contrast, Qin et al. [167]
found that in healthy premenopausal women there were
changes in the expression of two genes but the effects of the
two isoflavone doses (40 and 140 mg/d for one menstrual cycle)
were inconsistent and the authors questioned the biological
significance of the observed changes. In this study, there was
no change in nipple aspirate fluid C3 levels in response to
isoflavone intake, indicating the lack of an estrogenic effect
based on this one marker, but that finding contrasts with the
change Petrakis et al. [106] observed in nipple aspirate fluid in
response to isoflavone-rich soy protein.

Epidemiology: Postdiagnosis Soy Intake and Breast
Cancer Prognosis

Nine prospective observational studies and one pooling study
were identified that examined the impact of postdiagnosis soy
intake on breast cancer recurrence and/or survival. Table 4
displays key characteristics of the studies. For completeness,
studies that collected dietary soy food or isoflavone intake
after diagnosis, using a measure that included both pre- and
post-diagnosis intake (as most assessments included the last
year of usual intake) are considered.

One study was conducted in Hong Kong [168], three in
China [118, 169, 170], two in the US [171, 172], and three in
Korea [173-175]. The pooling study included a pooled analy-
sis of individual data from one of the Chinese studies [118] and
the two US studies with additional follow-up time and consid-
eration of both recurrence and mortality outcomes [176]. Two
US studies that found postdiagnosis isoflavone intake reduced
mortality [177, 178] are not included in Table 4 because the
low isoflavone intake in these cohorts suggests the findings are
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biologically implausible [163]. The two individual US studies
that were included in this review [171, 172] created a 95th
percentile isoflavone intake category to mimic an isoflavone
intake similar to some Asian populations.

Table 5 summarizes overall findings from the ten previously
cited studies on postdiagnosis dietary soy intake and breast
cancer prognosis. In 2012, Nechuta et al. [176] analyzed the
pooled results (N=9514) from three of these studies, including
the largest Chinese study (Shanghai Breast Cancer Survival
Study, SBCSS) [118] and the two US studies, the Life After
Cancer Epidemiology (LACE) study [171] and the Women's
Healthy Eating and Living (WHEL) study [172]. Mean (SD)
isoflavone intake (mg/d) in the SBCSS (n=4856), LACE
study (n=1929) and WHEL study (n=2729) was 45.9+38.3,
4.1+11.9 and 2.6+7.9, respectively. The three isoflavone
intake categories (mg/d) for this pooled analysis were <4,
4.0-9.99, and >10.0. As shown in Table 5, inverse associations
were observed for isoflavone intake of >10 mg/d vs <4 mg/d
for recurrence, breast cancer-specific mortality, and all-cause
mortality, however the association was only statistically
significant for recurrence. When only Chinese women (n=4856)
were included in the analysis, the hazard ratios (HRs) (95% CI)
comparing the highest isoflavone intake group with the lowest
for all-cause mortality, breast cancer-specific mortality and
recurrence were 0.84 (0.54, 1.33), 0.75 (0.47, 1.20) and 0.69
(0.47, 1.01), respectively (Table 5). Similar results were reported
for non-Asian US women (n=4458), the HRs (95% ClIs)
comparing the highest isoflavone intake with the lowest intake
group were 0.89 (0.66, 1.20), 0.80 (0.55, 1.15) and 0.74 (0.56,
0.97) for all-cause mortality, breast cancer-specific mortality
and recurrence, respectively. This pooled analysis included the
largest sample size to date, with 1348 recurrences and 881 breast
cancer deaths. But it should be recognized that although the two
US studies combined included more patients with recurrences
than the SBCSS, only 5% of women in the US studies consumed
isoflavones in amounts likely to have a physiological effect.

In the other study involving Chinese women (n=616),
the HRs (95% CI) for breast cancer-specific mortality
when comparing quartile (Q) 4 with Q1 isoflavone and soy
protein intakes were 0.62 (0,42, 0.90) and 0.71 (0.52, 0.98),
respectively (Table 5) [169]. This study included only 79 total
deaths during the median follow-up period of 52.1 months and
only examined all-cause mortality. Woo et al. [173] found that
isoflavone intake was non-significantly inversely associated
with breast cancer recurrence among 339 Korean breast cancer
patients for isoflavone intakes of >15.2 mg/d (compared with
the lowest intake tertile) (Table 5). When examined by human
epidermal growth factor receptor 2 (HER?2) status, a statistically
significant inverse association was found for the highest vs. the
lowest isoflavone intake levels and recurrence [HR: 0.23, 95%
CI (0.06-0.89)] among women with HER2- breast cancer.
Among HER?2 + patients, a non-significant positive association
between isoflavone intake and recurrence was found [HR: 3.85,

95% CI (0.43, 34.67)]. However, there were only 17 and 8
recurrences among HER2- and HER2 + patients, respectively.
In a second Korean study involving 606 women, intake of
fermented soy foods (neither intake of unfermented soy foods
nor isoflavones was reported) was inversely associated with
recurrence [HR: 0.336, 95% CI (0.14, 0.78)] and all-cause
mortality [HR: 0.173, 95% CI (0.03, 0.76)] comparing Q4 with
Q1 intake (Table 5) [174]. The utility of this finding is unclear
since only approximately 20-30% of isoflavone intake in Korea
comes from fermented soy foods [175]. The most recent Korean
study which involved 592 breast cancer survivors found no
association between the intake of isoflavones, soy protein, or
soy food and recurrence (Table 5). Overall, all these studies
were of small sample size and varied in timing of assessment
of postdiagnosis soy intake (Table 4).

In the largest individual non-US study, except for the
SBCSS, which was conducted in Hong Kong (n=1460), iso-
flavone intake when comparing Q4 with Q1 was not associated
with all-cause mortality, breast cancer-specific mortality and
breast cancer recurrence (Table 5) [168]. However, the authors
noted that in the fully adjusted model when comparing Q3
vs QI, risk (HR; 95% CI) for breast cancer-specific mortality
was reduced (0.49; 0.23, 1.01), which might imply that a more
moderate isoflavone intake is protective. But as discussed later,
this was not observed by Shu et al. [118] in their much larger
study. A final study of isoflavone intake and recurrence and all-
cause mortality conducted in China (n=>524) among women
who were receiving endocrine therapy (tamoxifen or Als) is
described below with studies considering outcomes according
to endocrine therapy [170].

Outcomes According to ER Status

In the pooled analysis by Nechuta et al. [176], when comparing
the highest isoflavone intake with the lowest, the HRs (95%
CI) for breast cancer-specific mortality and recurrence for
ER+ patients were 0.93 (0.67, 1.28) and 0.81 (0.63, 1.04),
respectively, and for ER- patients, they were 0.67 (0.43, 1.05)
and 0.64 (0.44, 0.94), respectively. Thus, isoflavones appeared
to be more protective against ER- breast cancer. However, in
the study by Zhang et al. [169], when comparing Q4 with Q1
isoflavone intakes, the HR (95% CI) was lower for ER+ patients
0.59 (0.40-0.93) than ER- patients 0.78 (0.47-0.98). In the
study by Ho et al. [168], isoflavone intake was not associated
with a decreased risk of breast cancer-specific mortality or
recurrence, although for recurrence, the HR effect size was
lower for ER+ patients and closer to the null (1.05 vs 1.52)
comparing the highest and lowest isoflavone intake groups.
Finally, in the study by Yang et al. [174], the HRs (95% CI) for
fermented soy intake when comparing Q4 with Q1 were similar
for ER+0.328 (0.11, 0.92) and ER- 0.257 (0.03, 2.19) breast
cancer, although only for ER+ breast cancer was the reduced
risk statistically significant. Sample sizes were small for this
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Table 5 Overall findings of prospective cohort studies of postdiagnosis® dietary soy intake and breast cancer prognosis

Author/ year/Ref

Results

Postdiagnosis soy intake

Hazard ratios (95% confidence interval)

Comments

Nechuta/ 2012/[176]

Guha/2009/[171]

Shu/2009/[118]

All women
Isoflavones (mg/day)
<4.0

4.0-9.99

>10

Chinese women
Isoflavones (mg/day)
<4.0

4.0-9.99

>10

US women
Isoflavones (mg/day)
<4.0

4.0-9.99

>10

Daidzein intake (ug/day)
0

0.10-7.77
7.78-149.59
149.60-1,453.00
1,453.10-9,596.54
>9,596.55

Genistein intake (ug/day)
0

0.10-6.99
7.00-220.61
220.62-2,184.8
2,199.82-13,025.87
>13,025.88
Glycitein intake (ug/day)
0-3.61

3.62-8.16
8.17-14.99
15.00-78.53
78.54-795.39
>795.39

Soy protein (g/day)
<531

5.32-9.45
9.46-15.31

>15.31

Isoflavones (mg/day)
<20.00

20.01-36.50
36.51-62.68

>62.68

Recurrence:

1.0 (reference)
0.99 (0.78-1.25)
0.75 (0.61-0.92)

1.0 (reference)
0.91 (0.56-1.47)
0.69 (0.47-1.01)

1.0 (reference)
1.03 (0.77-1.37)
0.76 (0.58-0.99)
Recurrence:

1.0 (reference)
1.16 (0.81-1.68)
0.87 (0.60-1.26)
0.97 (0.68-1.41)
0.71 (0.45-1.11)
0.96 (0.52-1.76)

1.0 (reference)

1.09 (0.76-1.58)
0.92 (0.64-1.34)
0.97 (0.67-1.40)
0.72 (0.46-1.13)
0.95 (0.52-1.75)

1.0 (reference)
1.01 (0.71-1.43)
0.68 (0.46-1.01)
0.75 (0.51-1.12)
0.78 (0.50-1.22)
0.80 (0.42-1.50)
Recurrence:

1.0 (reference)
0.77 (0.61-0.98)
0.69 (0.54-0.87)
0.68 (0.54-0.87)

1.0 (reference)

0.84 (0.67-1.06)
0.65 (0.51-0.84)
0.77 (0.60-0.98)

BCa deaths:

1.0 (reference)
1.09 (0.81-1.48)
0.83 (0.64-1.07)

1.0 (reference)
0.98 (0.56-1.75)
0.75 (0.47-1.20)

1.0 (reference)
1.10 (0.74-1.62)
0.84 (0.59-1.19)
BCa deaths:
NA

BCa deaths:
NA

All deaths:

1.0 (reference)
1.04 (0.80-1.36)
0.87 (0.70-1.10)

1.0 (reference)
1.07 (0.62-1.86)
0.84 (0.54-1.33)

1.0 (reference)
1.02 (0.73-1.42)
0.93 (0.69-1.24)
All deaths:

NA

All deaths:

1.0 (reference)
0.77 (0.59-1.00)
0.72 (0.55-0.94)
0.71 (0.54-0.92)

1.0 (reference)

0.73 (0.56-0.95)
0.77 (0.59-1.00)
0.79 (0.61-1.03)

Adjusted for age at diagno-
sis, ER/PR status, stage,
chemotherapy, radiotherapy,
hormonal therapy, smoking,
BMI, exercise, cruciferous
vegetable intake, parity,
menopausal status, study,
race/ethnicity, and education

Adjusted for soy supplement
use, BMI 1 year before diag-
nosis, menopausal status,
tobacco pack-years, tumor
stage, ER status, age, race,
and kilocalories

Adjusted for age at diagnosis,
TNM stage, chemotherapy,
radiotherapy, type of surgery
received, BMI, menopau-
sal status, ER/PR status,
tamoxifen use, education
level, income, cruciferous
vegetable intake, total meat
intake, vitamin supplement
use, tea consumption, and
physical activity
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Table 5 (continued)

Author/ year/Ref Results

Postdiagnosis soy intake

Hazard ratios (95% confidence interval)

Comments

Kang/ 2010/[170] Isoflavones (mg/day)
Premenopausal
<152

15.3-25.4

25.5-42.3

>42.3
Postmenopausal
<152

15.3-25.4

25.5-42.3

>42.3

Isoflavones (mg/day)
0-0.07

0.07-1.01
1.01-16.33
16.33-86.9

Caan/2011/[172]

Zhang/2012/[169] Isoflavones (mg/day)
<7.56

7.56-17.32
17.32-28.83

>28.83

Soy protein (g/day)
<2.12

2.12-7.03
7.03-13.03

>13.03

Soy products (g/day)
<36.2

36.2-65.7

>65.7

Isoflavones (mg/day)
<74

7.4-15.2

>15.2

Early Post-diagnosis Isofla-
vones (mg/1000 kcal/day)

<1.74
1.74-3.9
3.9-7.2
>72

Woo0/2012/[173]

Ho/2021/[168]

Recurrence:

1.0 (reference)

0.96 (0.62-1.46)
0.86 (0.56-1.47)
0.88 (0.61-1.23)

1.0 (reference)
0.74 (0.64-0.96)
0.72 (0.58-0.92)

0.67 (0.54-0.85)
Recurrence:

1.0 (reference)
0.89 (0.72-1.11)
0.99 (0.75-1.32)
0.78 (0.46-1.31)

Recurrence:
NA

Recurrence:
1.0 (reference)
0.25 (0.07-0.92)
0.71 (0.28-1.80)

1.0 (reference)
0.59 (0.22-1.62)
0.56 (0.20-1.53)

Recurrence:

1.0 (reference)

0.60 (0.36-0.99)
0.78 (0.48-1.26)
1.21 (0.76-1.93)

BCa deaths:
NA

BCa deaths:
NA

BCa deaths:

1.0 (reference)
0.79 (0.54-1.07)
0.64 (0.45-0.93)
0.62 (0.42-0.90)

1.0 (reference)
0.72 (0.55-0.99)
0.73 (0.43-1.13)
0.71 (0.52-0.98)
BCa deaths:
NA

BCa deaths:

1.0 (reference)

0.45 (0.21-0.93)
0.49 (0.23-1.01)
1.24 (0.66-2.32)

All deaths:

1.0 (reference)

0.95 (0.76-1.56)
0.92 (0.59-1.43)
1.05 (0.78-1.71)

1.0 (reference)
1.12 (0.81-1.82)
1.02 (0.72-1.51)

0.88 (0.56-1.24)
All deaths:

1.0 (reference)
0.75 (0.57-0.99)
0.79 (0.54-1.15)
0.46 (0.2-1.05)

All deaths:
NA

All deaths:
NA

All deaths:

1.0 (reference)

0.49 (0.25-0.97)
0.44 (0.22-0.89)
1.15 (0.63-2.10)

Adjusted for age at diagnosis,

stage, ER/PR status, chemo-
therapy and radiotherapy

Adjusted for stage, grade, ER/

PR status, menopausal sta-
tus, chemotherapy treatment,
radiation, age, education,
race, soy supplements,
intervention group, presence
of hot flash symptoms, and
tamoxifen use

Adjusted for age, education

level, smoking, alcohol
drinking, family history of
cancer, menopausal status,
tamoxifen use, cancer stage,
ER status, chemotherapy,
and radiotherapy

Adjusted for total energy

intake, cancer stage, age,
menopausal status, alcohol
intake, Herceptin use, and
tamoxifen use

Adjusted for age, educational

level, menopausal status,
cancer stage, comorbidity,
ER status, PR status, HER2
status, hormonal therapy,
and radiotherapy
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Table 5 (continued)

Author/ year/Ref Results Comments
Postdiagnosis soy intake Hazard ratios (95% confidence interval)

Yang/2023/[174] Fermented Soy Products (g/  Recurrence: BCa deaths: All deaths: Adjusted for age, alcohol con-

day) sumption, smoking, tumor
size, lymph node metastasis,

<5.0 1.0 (reference) NA 1.0 (reference) and age at menarche,
>5.0-15.0 0.592 (0.29-1.20) 0.665 (0.27-1.63)
>15.0-28.5 0.457 (0.22-0.94) 0.462 (0.17-1.19)
>28.5 0.336 (0.14-0.78) 0.173 (0.03-0.76)

Song/2024/[175] Isoflavone (mg/day) Recurrence: BCa deaths: All deaths: Adjusted for age, energy
Tertile 1 1.0 (reference) NA NA intake, hospital center,
Tertile 2 1.4 (0.65-3.16) stage, ER status, time since

] surgery, menopausal status,
Tertile 3 1.29 (0.60-2.78) history of chronic diseases,
Soy protein (g/day) BMI, physical activity,
Tertile 1 1.0 (reference) A‘meric.an Cancer Society
Tertile 2 1.03 (0.48-2.17) diet guidelines scores,
. alcohol drinking, dietary

Tertile 3 0.87(0.40-1.89) supplement use, and educa-
Soy food (g/day) tional levels
Tertile 1 1.0 (reference)
Tertile 2 1.20 (0.57-2.54)
Tertile 3 1.03 (0.48-2.19)

Abbreviations: BCa (breast cancer), BMI (body mass index), ER (estrogen receptor), HER2 (human epidermal growth factor receptor 2), HR
(hormone receptor), NA (Not available), PR (progesterone receptor). “For completeness, studies that collected soy food dietary intake after
diagnosis using a measure that included both pre- and post-diagnosis intake (as most assessments included the last year of usual intake) were

included.

study (5 recurrences in the ER+ group and one recurrence in
ER- group) and the 95% CI for women with ER- cancers was
imprecise. Overall, the largest study to date suggests that the
inverse association of isoflavones intake and breast cancer
outcomes is strongest among women with ER- breast cancer,
however, across all studies, evidence is inconsistent, potentially
due to small sample sizes.

Outcomes According to Menopausal Status

In the pooled analysis, when comparing the highest (10 mg/d)
with the lowest (<4 mg/d) isoflavone intake categories,
the HRs (95% CI) for breast cancer-specific mortality and
recurrence for postmenopausal women were 0.78 (0.54, 1.14)
and 0.64 (0.48, 0.87), respectively, and for premenopausal
women, they were 0.97 (0.66, 1.43) and 0.93 (0.69, 1.26),
respectively. Thus, isoflavones appeared to be more protective
against postmenopausal breast cancer. In contrast, in the study
by Ho et al. [168], isoflavone intake had more favorable effects
for premenopausal breast cancer. The HRs (95% CI) when
comparing the highest (>7.2 mg/1000 kcal) with the lowest
(<1.74 mg/1000 kcal) intake groups for all-cause mortality
and recurrence for pre- and postmenopausal cancer were 0.76

@ Springer

(0.34, 1.68) and 0.90 (0.48, 1.66), respectively, and 1.74 (0.65,
4.66) and 2.15 (0.98, 4.64), respectively. However, none of the
results were statistically significant.

Outcomes according to HER2 and triple negative
breast cancer (TNBC) status

Few data are available on the impact of tumor subtypes
beyond ER status for the association between postdiagnosis
isoflavone intake and breast cancer outcomes. Woo et al.
[173] found isoflavone intake was inversely associated with
breast cancer recurrence among HER2- patients (n=63)
(HR: 0.23,95% CI: 0.06, 0.89) and positively associated with
recurrence 3.85 (0.43, 34.67) among HER?2 + patients [173].
However, as also noted previously, there were only 17 and
8 recurrences in these two groups, respectively. Comparing
the highest and lowest isoflavone intake groups, Ho et al.
[168] found that the HRs (95% Cls) for breast cancer-specific
mortality and recurrence for TNBC (n=177) were 0.85 (0.31,
2.30) and 1.08 (0.44, 2.70), respectively. For those who did
not have TNBC (n=1231), the HRs (95% ClIs) for breast
cancer-specific mortality and recurrence were 1.20 (0.55,
2.58) and 1.14 (0.65, 2.00), respectively. See box 1 for further
information about TNBC and isoflavones.



Current Nutrition Reports (2025) 14:50

Page170f29 50

Box 1 Isoflavones and Triple Negative Breast Cancer

Triple negative breast cancer (TNBC) accounts for approximately
15% of all breast cancer cases [179, 180]. It is characterized by
cellular expression of progesterone and estrogen receptors of <1%
and human epidermal growth factor receptor 2 (HER2) expres-
sion between 0 and 1+, as determined by immunohistochemistry
[181]. HER?2 is a transmembrane protein that is a receptor for
members of the epidermal growth factor family of extracellular
protein ligands. TNBC is associated with aggressive histology,
poorer prognosis, shorter survival, and unresponsiveness to hor-
monal therapy [179, 182]. There is a high prevalence of TNBC in
women of African descent and women who carry a mutated copy
of the BRCA1 gene [183]

Relatively little epidemiologic research about the association
between soy or isoflavone intake and TNBC exists. Nevertheless,
two studies of isoflavone intake and breast cancer prognosis have
produced intriguing findings. For example, in a Korean prospec-
tive study by Woo et al. [173], isoflavone intake was significantly
inversely related to recurrence among HER2- patients (HR: 0.23,
95% CI: 0.06-0.89), although this finding was based on only 17
recurrences among 256 patients. These results align with those
from Ho et al. [168], who reported that the adjusted HR (95%

CI) for patients with TNBC was 0.43 (0.17, 1.07) in the second
isoflavone intake tertile (compared with the lowest tertile), which
was numerically lower than the HR (95% CI) for those who did
not have TNBC [0.75 (0.46, 1.21). However, neither result was
statistically significant

In addition to the epidemiologic evidence there are preclinical and
clinical data suggesting isoflavones may have a role in TNBC
prognosis. For example, genistein (250 mg/kg diet) administra-
tion beginning when the primary tumor reached 2 mm in diameter
resulted in a delay of tumor growth in two preclinical patient-
derived xenograft orthotopic mouse models and significantly
influenced expression of multiple tumor-regulated genes|[184].
The authors of this study concluded that genistein has high poten-
tial as novel therapeutic approach for TNBC patients

Other research in mice showed that genistein may be useful for
the prevention and reversal of aryl hydrocarbon receptor (which
is often overexpressed in BRCA patients) -dependent BRCA1
hypermethylation, and the restoration of ER-mediated response
[185]. Furthermore, based on docking and molecular dynamics
simulation, Chatterjee et al. [186], found that genistein is a potential
multi-target inhibitor of the six TNBC high penetrance genes. Also,
the binding interaction of PTEN (a potent mediator of the PI3K
signaling pathway in TNBC) and genistein was superior to that of
PTEN-Olaparib. Olaparib is an extensively used FDA-approved
chemotherapeutic drug for the treatment of TNBC [187, 188]

Finally, in breast tumor tissue from TNBC patients, Chinese
researchers found that soy intake one year prior to diagnosis was
significantly associated 14 miRNAs and 24 genes [189]. Thirteen of
the 14 miRNAs (92.9%) and 9 of the 24 genes (37.5%), including
tumor suppressors miR-29a-3p and IGF1R, showed overexpression
whereas the remaining miRNAs and genes, including oncogenes
KRAS and FGFR4, showed underexpression. Overall, soy intake
was associated with underexpression of cell growth-related genes

Outcomes According to Endocrine Therapy

In the pooled analysis by Nechuta et al. [176], when comparing
the highest isoflavone intake with the lowest, the HRs (95%
CI) for overall mortality, breast cancer-specific mortality and
recurrence among non-users of tamoxifen were 0.98 (0.65,

1.47), 1.16 (0.71, 1.90) and 0.79 (0.55, 1.14), respectively
(Table 6). Among tamoxifen users, these values were 0.74 (0.52,
1.07),0.84 (0.54, 1.31) and 0.63 (0.46, 0.87), respectively. The
reduced risk of recurrence was strongest (37%) for women
in the highest isoflavone intake category of 10 mg/d among
users of tamoxifen. Reduced risk of recurrence was also found
for intakes of 4.0-9.99 mg/day (20%) and <4.0 mg per day
(22%), however, the results were not statistically significant
for the 4.0-9.99 mg/day intake category. Non-significant
inverse associations for isoflavone intake were also observed
among tamoxifen users for mortality and among non-users
of tamoxifen only for recurrence. The test for multiplicative
interaction between tamoxifen use and isoflavone intake was
not statistically significant. Among women with ER+ breast
cancer in the pooling project, 67.6% (n=2077), 81.5%
(n=1655) and 91.4% (n=1446) used tamoxifen in the SBCSS,
WHEL and LACE, respectively. Given the high correlation
between ER+ breast cancer and tamoxifen use, these results
seem somewhat inconsistent with the above noted findings from
the pooling project that isoflavone intake appeared to be more
protective against ER- breast cancer than ER + breast cancer.
However, not all ER 4+ women received tamoxifen therapy, and
therefore a direct comparison cannot be made.

In the study from Hong Kong, the HRs (95% CI) for all-
cause mortality and recurrence among non-users of tamox-
ifen were 0.90 (0.44, 1.85) and 1.66 (0.92. 3.02), respec-
tively, and for users of tamoxifen were 0.81 (0.35, 1.87)
and 0.76 (0.36, 1.60), respectively [168]. Although none of
these findings were statistically significant, the results align
with those of Nechuta et al. [176], which suggests isoflavone
intake is more protective in tamoxifen users.

Lastly, Kang et al. [170] examined the impact of isoflavone
intake on 524 breast cancer patients undergoing endocrine
therapy (tamoxifen or anastrozole). During the median
follow-up period of 5.1 years, there were 185 recurrences
and 154 deaths. Isoflavone intake was unrelated to cancer
outcomes among premenopausal women but was associated
with a decreased risk of recurrence among postmenopausal
women. The isoflavone cutoffs for Q1 and Q4 were<15.2
and>42.3 mg/d, respectively. Among postmenopausal women
who used tamoxifen, isoflavones were not associated with
recurrence (HR for Q4 vs Q1: 1.06; 95% CI: 0.76, 1.67) but
among women on the Al anastrozole, higher isoflavone intake
was associated with a decreased risk when comparing Q4 with
Q1 [HR:0.65; 95% CI:0.47, 0.85]. It is important to note that
soy intake was based on the 5 years prior to study enrollment
(which was a median of 3 months after diagnosis) and included
both pre- and postdiagnosis intake. However, a supplemental
survey indicated that most women (n=452, 86.3%) reported
no change in intake of soy foods after diagnosis of breast
cancer, 29 (5.5%) reported an increase after diagnosis and 43
(8.2%) reported a decrease after diagnosis [170].
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Outcomes According to Dose

Of the nine studies in Table 4, the one by Yang et al. [174]
only reported on fermented soy food intake, and is therefore
uninformative about isoflavone dose. As already noted, in
Korea, most soy is consumed in unfermented form [190]. Ho
et al. [168] observed lower HRs for all three outcomes for
more moderate isoflavone intakes (1.74-3.9 mg/2000 kcal
and 3.9-7.2 mg/2000 kcal) compared to the highest intake
category (>7.21 mg/2000 kcal). The highest cutoff for
the highest intake group of any of the seven studies was
in the SBCSS as the Q4 cutoff was at>62.68 mg/d (mean
intake, 85.09 mg/d) [118]. The Q1 cutoff in this study
was <20 mg/d (mean intake, 11.5 mg/d), which is similar
to the high intake cutoff for the other studies. To have suf-
ficient numbers in each intake category, the cutoff for the
highest intake level in the pooled analysis by Nechuta et al.
[176] was only >10.0 mg/d. Mean isoflavone intake (mg/d)
in this category was 48.59 mg/d among all women, 50.82 for
Shanghainese women, 26.64 for all US women and 26.68 for
non-Asian US women.

In the pooled analysis, HRs for all-cause mortality, breast
cancer-specific mortality and breast cancer recurrence were
reported according to isoflavone intake deciles [176]. There
was no significant trend for any of these outcomes. The HRs
for the 2nd and 10th decile isoflavone intakes for all-cause
mortality, breast cancer-specific mortality and breast can-
cer recurrence were 0.78 and 0.82, 0.74 and 0.71, and 0.72
and 0.64, respectively. These data suggest that even low iso-
flavone intakes improve breast cancer prognosis, and that
protection is not lost at the highest intake levels. However,
these results contrast with the results of the SBCSS, which
was one of the three studies in the pooled analysis. Shu et al.
[118] commented that the associations of isoflavone intake
with mortality and recurrence appeared to follow a linear
dose response pattern until about 40 mg/d, after which the
association appears to level off or even rebound slightly.

Outcomes According to Isoflavone Delivery
Vehicle (Supplement vs Foods)

Greater concern has been expressed about the safety of
isoflavones provided in the form of supplements (tablets
or concentrated sources of soy protein) than traditional
Asian soy foods [109, 119]. In the Etude Epidemiologique
aupres de Femmes de laMutuelle Generale de 1’Education
Nationale cohort, among women aged >50, current use of
soy supplements containing isoflavones was associated
with a decreased and increased risk of developing ER+and
ER- breast cancer, respectively. Also, the HRs for current
use among women with a family history of breast cancer
were above and below 1.0 for ER+ and ER- breast cancer,
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respectively (p-interaction =0.03) [191]. Among the 76,442
women included in the analyses of this cohort, over the
11-year follow up period, between 1.4% and 5.3% indicated
use of supplements at the four different time points evalu-
ated. Among women who reported ever using soy supple-
ments together with their brand names, 81% had used > 1 of
the 5 most-consumed soy supplements in the cohort, which
contained between 3.75 and 37.5 mg soy isoflavones (present
in their glucoside form in soy extract)/tablet, according to
the manufacturers).

In the LACE and WHEL studies, only 2.7% (53/1954)
and 2.1% (58/2736) women reported any use of isoflavone
supplements, respectively. Results were not sub-analyzed
according to supplement use due to too small sample size.
None of the other studies in Table 4 reported on supplement
use. Several other observational studies have examined the
impact of soy/isoflavone supplement use on breast cancer
risk, but none focused on postdiagnosis intake and breast
cancer survival [191-195].

Concerns about isoflavone tablets and concentrated forms
of soy protein include the assumed greater propensity to
consume excessive amounts of isoflavones, the absence
of potentially beneficial bioactives found in soybeans
and many soy foods, the lack of historical precedent for
use and the lack of epidemiologic support for their safety
when consumed by women with breast cancer. These con-
cerns may be valid except that on a mg/g protein basis, as
already noted, concentrated sources of soy protein such as
soy protein isolate and soy protein concentrate typically
have a lower isoflavone content than traditional Asian soy
foods [50, 71, 72]. Furthermore, in nearly all the RCTs that
assessed mammographic density or cell proliferation previ-
ously discussed and listed in Tables 2 and 3, isoflavones
were provided in the form of tablets or protein powders.
Thus, there are more clinical data available for the safety
of isoflavones provided in these forms than for traditional
Asian soy foods.

Perhaps the most relevant finding related to concerns
about supplements vs soy foods was published in 2004 by
Allred et al. [114], who found that in mice, the degree to
which soy flour is processed affects the estrogenicity of prod-
ucts containing the same amount of genistein. That is, tumor
growth was least stimulated by soy flour (less processed) and
most stimulated by isolated genistein (most processed). It
was also later shown that soy flour affects gene expression in
mammary tumors differently than isolated genistein [196]. In
brief, tumors in athymic nude mice exhibited higher expres-
sion of tumor growth suppressor genes and lower expression
of oncogenes in comparison to mice fed genistein. It was
suggested that this difference could be because of the influ-
ence of bioactives in soy flour besides genistein.

However, in 2005, it was shown in mice that processing
increased the percentage of unconjugated genistein relative



Current Nutrition Reports (2025) 14:50

Page190f29 50

Table 6 Findings of prospective cohort studies of postdiagnosis® dietary soy intake and breast cancer prognosis by endocrine therapy

Author/ year/Ref Results Comments
Postdiagnosis soy intake Hazard ratios (95% confidence interval)
Nechuta/ 2012/[176] Among cases with ER + breast Recurrence: BCa deaths: All deaths: Adjusted for age at diagnosis, stage,
cancer chemotherapy, radiotherapy, hormonal
No tamoxifen use Isoflavones (mg/ thera}py, smoking, BM_L exercise,
day) cruciferous vegetable intake, parity,
menopausal status, study, race/ethnic-
<4.0 1.0 (reference) 1.0 (reference) 1.0 (reference) ity, and education
4.0-9.99 0.99 (0.56-1.75) 1.54 (0.78-3.02) 1.37 (0.76-2.46)
>10 0.79 (0.55- 1.14) 1.16 (0.71-1.90) 0.98 (0.65-1.47)
Tamoxifen use Isoflavones (mg/day)
<4.0 0.78 (0.62-0.99) 0.96 (0.68-1.35) 0.83 (0.63-1.09)
4.0-9.99 0.80 (0.56-1.16) 1.05 (0.63-1.74) 0.85 (0.56-1.29)
>10 0.63 (0.46-0.87) 0.84 (0.54-1.31) 0.74 (0.52-1.07)
Guha/2009/[171] Tamoxifen use Daidzein intake (ug/  Recurrence: BCa deaths: All deaths: All models were adjusted for soy

day)

0

0.10-7.77

7.78-149.59
149.60-1,453.00
1,453.10-9,596.54
>9,596.55

Genistein intake (ug/day)
0

0.10-6.99

7.00-220.61
220.62-2,184.8
2,199.82-13,025.87
>13,025.88

Glycitein intake (ug/day)
0-3.61

3.62-8.16

8.17-14.99

15.00-78.53
78.54-795.39

>795.40

supplement use, BMI 1 year before
diagnosis, tobacco pack-years, tumor
stage, menopausal status, age, race,
and kilocalories

1.0 (reference) NA NA

1.12 (0.75-1.69)

0.78 (0.52-1.19)

1.00 (0.67-1.50)

0.73 (0.45-1.20)

0.48 (0.19-1.21)

1.0 (reference)

1.02 (0.68-1.54)
0.86 (0.57-1.31)
0.99 (0.66-1.48)
0.74 (0.45-1.21)

0.48 (0.19-1.22)

1.0 (reference)

1.26 (0.85-1.87)
0.82 (0.53-1.26)
0.69 (0.43-1.10)
0.77 (0.46-1.28)
0.85 (0.40-1.80)
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Table 6 (continued)

Author/ year/Ref Results Comments

Postdiagnosis soy intake Hazard ratios (95% confidence interval)

No Tamoxifen use Daidzein intake

(ng/day)
0 1.0 (reference)
0.10-7.77 1.63 (0.72-3.68)
7.78-149.59 1.31 (0.58-2.99)
149.60-1,453.00 0.93 (0.39-2.22)
1,453.10-9,596.54 0.69 (0.23-2.08)
>9,596.55 2.40 (0.93-6.18)

Genistein intake (ug/day)

0 1.0 (reference)

0.10-6.99 1.70 (0.76-3.79)
7.00-220.61 1.25 (0.53-2.95)
220.62-2,184.8 0.96 (0.41-2.22)
2,199.82-13,025.87 0.70 (0.23-2.10)
>13,025.88 2.42 (0.95-6.21)

Glycitein intake (ug/day)

0-3.61 1.0 (reference)
3.62-8.16 0.32 (0.13-0.78)
8.17-14.99 0.26 (0.10-0.73)
15.00-78.53 0.83 (0.40-1.74)
78.54-795.39 0.87 (0.37-2.01)
>795.40 0.68 (0.22-2.12)
Shu/2009/[118] No Tamoxifen use Soy protein Recurrence: BCa deaths: All deaths: Adjusted for age at diagnosis, stage,
(g/day) chemotherapy, radiotherapy, type of
surgery received, BMI, menopausal
status, ER/PR status, education
level, income, cruciferous vegetable
intake, total meat intake, vitamin
supplement use, tea consumption,
and physical activity
<531 1.0 (reference) NA 1.0 (reference)
5.32-9.45 0.73 (0.41-1.32) 0.65 (0.33-1.29)
9.46-15.31 1.10 (0.65-1.88) 1.24 (0.69-2.22)
>15.31 0.65 (0.36-1.17) 0.65 (0.33-1.29)

Isoflavones (mg/day)

<20.00 1.0 (reference) 1.0 (reference)

20.01-36.50 0.84 (0.47-1.50) 0.72 (0.37-1.42)
36.51-62.68 1.04 (0.61-1.77) 1.15 (0.63-2.09)
>62.68 0.71 (0.39-1.28) 0.74 (0.38-1.43)

Tamoxifen use Soy protein (g/day)

<531 0.93 (0.58-1.51) 0.90 (0.52-1.57)
5.32-9.45 0.65 (0.39-1.09) 0.79 (0.45-1.39)
9.46-15.31 0.58 (0.34-0.98) 0.62 (0.35-1.12)
>15.31 0.66 (0.40-1.09) 0.61 (0.34-1.08)
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Table 6 (continued)

Author/ year/Ref Results Comments
Postdiagnosis soy intake Hazard ratios (95% confidence interval)
Isoflavones (mg/day)
<20.00 0.91 (0.56-1.48) 0.92 (0.53-1.60)
20.01-36.50 0.71 (0.43-1.18) 0.69 (0.39-1.23)
36.51-62.68 0.58 (0.34-0.98) 0.62 (0.34-1.12)
>62.68 0.73 (0.44-1.19) 0.74 (0.42-1.29)
Kang®2010/[170] Tamoxifen users Isoflavones (mg/ Recurrence: BCa deaths: All deaths: This analysis was among postmenopau-
day) sal women using endocrine therapy
<152 1.0 (reference) NA NA (either tamoxifen or Anastrozole)
and did not include a comparison
15.3-25.4 1.23 (0.78-1.86) group of non-users Adjusted for age
25.5-42.3 1.13 (0.79-1.71) at diagnosis, stage, ER/PR status,
>42.3 1.06 (0.76-1.67) chemotherapy and radiotherapy
Anastrozole users Isoflavones (mg/
day)
<152 1.0 (reference)
15.3-25.4 0.72 (0.56-0.92)
25.5-423 0.71 (0.54-0.88)
>42.3 0.65 (0.47-0.85)
Caan/2011/[172] Tamoxifen use Isoflavones (mg/day)  Recurrence: BCa deaths: All deaths: Adjusted for stage, grade, ER/PR status,
0-0.07 1.0 (reference) NA 1.0 (reference) menopausal St_a“.ls’ chemotherapy
treatment, radiation, age, education,
0.07-1.01 0.91 (0.69-1.21) 0.79 (0.56-1.12) race, soy Supplements, intervention
1.01-16.33 0.97 (0.67-1.41) 0.81 (0.5-1.30) group, and presence of hot flash
16.33-86.9 0.59 (0.27-1.29) 0.26 (0.06-1.08) symptoms
No Tamoxifen use Isoflavones (mg/
day)
0-0.07 1.0 (reference) 1.0 (reference)
0.07-1.01 0.82 (0.57-1.17) 0.61 (0.38-0.99)
1.01-16.33 1.09 (0.69-1.71) 0.79 (0.42-1.49)
16.33-86.9 0.96 (0.46-1.99) 0.68 (0.24-1.99)
Ho/2021/[168] No Tamoxifen use Early postdiagno- Recurrence: BCa deaths: All deaths: Adjusted for age, menopausal status,
sis isoflavones (mg/1000 kcal/day) educational level, comorbidity, and
<1.74 1.0 (reference) NA 1.0 (reference) cancer stage
1.74-7.2 0.85 (0.49-1.47) 0.54 (0.28-1.02)
>72 1.66 (0.92-3.02) 0.90 (0.44-1.85)
Tamoxifen use Early postdiagnosis
isoflavones (mg/1000 kcal/day)
<1.74 1.10 (0.54-2.25) 0.42 (0.14-1.29)
1.74-7.2 0.54 (0.29-1.01) 0.15 (0.05-0.41)
>72 0.76 (0.36-1.60) 0.81 (0.35-1.87)

Abbreviations: BC (breast cancer), BMI (body mass index), ER (estrogen receptor), NA (Not available), PR (progesterone receptor). *For complete-
ness, studies that collected soy food dietary intake after diagnosis using a measure that included both pre- and post-diagnosis intake were included

(see Table 4 for soy measurement details). ®This study measured soy food intake after diagnosis and assessed intake for the previous five years.
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to conjugated genistein in the circulation, the former of
which is the biologically active form of the isoflavone [197].
The effect of processing on conjugation accounts for the dif-
ference in tumor-stimulating effects. Importantly, in contrast
to mice, in 2011, Setchell et al. [55] showed that in women
consuming isoflavones from different delivery vehicles, the
degree of processing does not impact the relative percentage
of genistein in conjugated form. Thus, at least with respect
to the physiological effects of isoflavone exposure, it does
not appear supplements differ from soy foods.

Do Tumors in Women Exposed to Genistein
Prior to Diagnosis Respond Differently

to Tamoxifen than Tumors in Women
Without such Exposure?

Based on their findings in Sprague—Dawley rats, in 2017,
Zhang et al. [198] recommended that women with breast
cancer continue to consume soy foods after diagnosis but
not to start if they were not previously exposed to this
isoflavone. These authors found that lifelong genistein
consumption increased latency (time to appearance of first
tumor) in rats administered 7,12-dimethylbenz[a]anthracene
and that in response to tamoxifen, lifelong genistein,
prepubertal genistein and adult genistein (genistein given
before tamoxifen) decreased the number of recurring tumors
relative to the number in the control rats given tamoxifen.
In contrast, when genistein exposure began only after
tamoxifen was administered, the number of recurring tumors
was increased (33 vs 23) relative to controls, although
the difference was not statistically significant. However,
the number of tumors fully responding to tamoxifen was
statistically significantly lower (38% vs 54%) in the rats
given genistein post-tamoxifen only, vs the controls not
given genistein.

To what extent is there human evidence to address the
findings by Zhang et al. [198]? In the SBCSS [118], there
was no interaction between isoflavone intake and tamoxifen.
According to the findings of Zhang et al. [198], the efficacy
of tamoxifen should have been enhanced because it is likely
high-soy-consuming women were consuming soy long
before breast cancer diagnosis. Interestingly, in the LACE
study [171], although the interaction between tamoxifen and
isoflavone intake was not statistically significant, among
women treated with tamoxifen, there was an approximate
50% reduction in breast cancer recurrence when comparing
the highest genistein intake (>13,025.88 ug/d) with the
lowest (0 ug/d) (HR, 0.48; 95% CI: 0.19, 1.22, P-trend, 0.13).

Although purely speculative, it is unlikely the women in
this study were regularly consuming soy prior to diagnosis.
Of the 96 women in the high intake group, 84 were non-
Asian. Among non-Asians in the US prior to the 1990s, only

@ Springer

those adhering to plant-forward diets regularly consumed
soy. Soy food consumption gained in popularity only after
research began to suggest intake was associated with health
benefits, especially related to chronic disease prevention
[199, 200]. In the LACE study [171], breast cancer diag-
noses occurred between 1997 and 2000 but breast tumors
have to be quite large to be detected by mammography
(1.0-1.5 cm) or self-breast examination (2-2.5 cm) [201].
Weedon-Fekjer et al. [202] estimated that it takes breast
tumors on average 1.7 years to grow from 10 to 20 mm in
diameter. Therefore, it is likely that the tumors in the women
participating in the LACE study were well formed by the
time genistein exposure may have occurred. And therefore,
if the pre-diagnosis soy food intake influenced tamoxifen
response as noted above among breast cancer survivors, the
efficacy of tamoxifen should have been inhibited whereas the
trend was for tamoxifen efficacy to be enhanced.

Research Needs

As noted at the onset, no RCT has evaluated the impact of
postdiagnosis soy intake on breast cancer outcomes and
for that reason the SBCC continues. It is worth noting that
RCTs of dietary interventions and cancer prognosis have
many potential limitations that can be difficult to address,
including compliance concerns and lack of generalizability
[203]. It may be that in the relatively near term, no such
trial will be initiated. Even if it was, it would be many years
before the results would be known. A RCT whose primary
outcomes were recurrence and/or breast cancer-specific mor-
tality, would require a large sample size and long duration.
Alternatively, a small and shorter duration RCT could exam-
ine intermediate endpoints such as mammographic density,
in vivo cell proliferation, changes in gene expression, and
other relevant endpoints.

In addition to RCTs, well-designed prospective cohort
studies can continue to inform this area of research. Con-
temporary cohorts examining postdiagnosis soy intake and
breast cancer outcomes according to endocrine therapy use
would be particularly informative. Further, cohorts with
larger samples to enable well-powered investigations of the
associations of postdiagnosis soy intake and breast cancer
outcomes by tumor subtype are needed, including for TNBC
(see box 1).

Summary and Conclusions

Dietary recommendations are often, if not always, based
on imperfect data. Such is the case for any soy intake
recommendation for women with breast cancer given that
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no RCT has evaluated the impact of postdiagnosis soy
consumption on breast cancer recurrence or mortality.
However, the wealth of clinical data that examined
markers of breast cancer risk (e.g., breast tissue density
and in vivo breast cell proliferation) is supportive of the
safety of soy food consumption by women with breast
cancer, although relatively few studies included women
with this disease. The observational data are not only
supportive of safety but suggestive of benefit. These data
also indicate postdiagnosis soy intake does not interfere
with the efficacy of tamoxifen, and to a much lesser extent,
Als, although most data come from one large cohort of
Chinese women [118].

The evidence is too limited to recommend postdiagnosis
soy intake specifically to improve the prognosis of breast
cancer patients. However, evidence supports the safety of
soy consumption by women with breast cancer regardless
of whether they are undergoing endocrine therapy.
Isoflavone intake in the RCTs typically exceeded 50 mg/d,
the amount provided by approximately two servings of
traditional Asian soy foods. In the SBCSS isoflavone
intake was associated with protective effects even when
exceeding this amount [118]. Nevertheless, because of
the limited epidemiologic data overall, two servings daily
providing approximately 50 mg isoflavones is a reasonable
intake recommendation for those wanting to add soy
foods to their diet. Although the source of isoflavones
may not matter with respect to the physiological effects of
isoflavones, there are non-isoflavone components of soy
foods that may exert health benefits. Further, there is a
potential indirect benefit of consuming soy foods if they
replace less healthful foods in the diet. Therefore, although
supplements can be used alone or in combination with
soy foods to obtain isoflavones, emphasis is best placed
on the latter.
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