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Zusammenfassung
Isoflavone sind Substanzen pflanzlichen Ursprungs, 
welche schwach östrogene Wirkung aufweisen. Die Be-
völkerung Asiens zeichnet sich durch einen hohen Kon-
sum an isoflavonreicher Sojakost aus. Die im Vergleich 
zu westlichen Frauen niedrigere Brustkrebsinzidenz bei 
Asiatinnen wurde mit der Möglichkeit einer präventiven 
Isoflavonwirkung auf das Krebsrisiko in Verbindung ge-
bracht. Die vorliegende Arbeit gibt einen Überblick über 
aktuelle Studien sowohl zum Einfluss von Isoflavonen 
auf das Risiko der Brustkrebsentstehung als auch auf das 
Rezidivrisiko nach Brustkrebserkrankung. Trotz inkonsis-
tenter Studienlage scheint zwischen Isoflavonaufnahme 
und Brustkrebsrisiko ein inverser Effekt zu bestehen. 
Nach Brustkrebserkrankung kann ein negativer Effekt, 
insbesondere bei hormonsensitiven Tumoren, nicht aus-
geschlossen werden.
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Summary
Isoflavones are plant-derived substances with weak es-
trogenic effects. Asian populations are high consumers 
of soy products which are rich in isoflavones. The lower 
breast cancer incidence in Asian women compared with 
Western women has been associated with the possibility 
of a preventive isoflavone effect on cancer risk. The aim 
of this review is to give an overview of current research 
data on the influence of isoflavones on the risk of pri-
mary breast cancer development as well as the risk of re-
currence in breast cancer patients. Despite inconsisten-
cies in the available data, an inverse correlation between 
isoflavone intake and risk of breast cancer is likely. How-
ever, a negative impact on breast cancer disease, espe-
cially on hormone receptor-positive tumors, cannot be 
excluded at present.

Introduction

The annual breast cancer incidence rates in Western Euro-
pean countries and in the USA range from about 80 to 100 
per 100,000 women. In contrast, the incidence rate in Japan, 
a country with a comparable level of industrialization, is with 
33/100,000 only about a third of that in the USA [1]. Migration 
studies show a shift from low to higher incidence rates among 
Asian-American women within one generation after migra-
tion, and suggest environmental influences to be responsible 

for the observed difference in breast cancer risk. The con-
sumption of soy food, which is rich in biologically active phy-
toestrogens, is traditionally high in Japan. Consequently, phy-
toestrogens have been connected with the low breast cancer 
incidence rates in the high-soy-consuming Asian populations. 
The most common class of phytoestrogens in soy products are 
isoflavones. Therefore, almost all studies elucidated the role of 
soy products and isoflavones, respectively. Of further interest, 
especially in Western populations, is the safety of isoflavone 
intake among breast cancer patients [2]. The alleged effects 
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of isoflavones on reducing menopausal vasomotor symptoms 
make them a commonly used alternative therapy option in-
stead of hormone therapy with estrogens or estrogen/proges-
tin combinations. A meta-analysis of 6 trials on the influence 
of soy isoflavones on the number of hot flashes per day re-
vealed a weak beneficial effect for soy isoflavones compared 
with placebo (mean difference in the number of hot flashes 
per day –1.22, 95% confidence interval (CI) = –2.02 to –0.42) 
[3]. However, the findings of these trials were rather contra-
dictory and the study assessment of poor quality. A further 
meta-analysis of another 6 trials compared isoflavone extracts 
from red clover with placebo and showed a weak difference 
of only –0.44, 95% CI = –0.47 to 0.58 [3]. This beneficial trend 
could be confirmed by 2 current randomized, double-blinded 
placebo-controlled trials (doses of dietary isoflavone intake 
40–100 mg/day for 12 weeks to 12 months) [4, 5].

Classification, Structure, and Metabolism of  
Isoflavones

Phytoestrogens are non-steroidal plant-derived substances 
that show remote structural and definite functional similari-
ties to estradiol. Beside the lignans, the isoflavones represent 
the main class of phytoestrogens. In contrast to less investigat-
ed other groups of phytoestrogens, e.g. coumestans and stil-
benes, which in a lower amount are contained in food, isofla-
vones are well studied. The most important representatives of 
this phytoestrogen class are genistein, daidzein, and glycitein. 
Their chemical structure consists of 2 phenolic rings that en-
able these substances to bind the estrogen receptor (ER) (fig. 
1). The estrogenic potency of isoflavones is about 100-fold 
(coumestrol) to 1,000-fold (daidzein) weaker than that of 17 -
estradiol [6, 7]. But compared with 17 -estradiol peak levels in 
premenopausal women, the serum levels of isoflavones after 
dietary intake can be higher in the same manner. In contrast 
to 17 -estradiol, isoflavones prefer to bind to estrogen recep-
tor  (ER ), which partially explains their different effects [8]. 
Depending on ambient estrogen concentrations, isoflavones 
may exert their effects as estrogen antagonists in a high estro-
gen environment, or they may act as estrogen agonists in a low 
estrogen environment [9–11]. Therefore, isoflavones are also 
referred to as selective ER modulators (SERMs) [12, 13]. Fur-
thermore, isoflavones show several non-hormonal effects such 
as inhibition of aromatase activity [14, 15], downregulation of 
protein tyrosine kinases (PTK) [16], or promoter methylation 
with modulation of gene expression [17]. However, the rel-
evance of these effects still remains unclear.
Unfortunately, the results of many studies are inconsistent 
due to a lot of bias [18, 19]. So far, there is low evidence for 
any well-defined estrogen-like or anti-estrogen-like effect in 
humans [20, 21]. One possible reason for the apparently inco-
herent findings could be the quantitatively and qualitatively 
variable composition of phytoestrogens in food stuff and their 

complex metabolism with the synthesis of miscellaneous deri-
vates which partially show diverse biologic activities. Isofla-
vones are contained in plants as glycosidic conjugates. After 
consumption, they are hydrolyzed by intestinal bacteria form-
ing aglycons. The aglycons are metabolized in the intestinal 
wall and in the liver, and become glucoronide conjugates. Fur-
ther metabolism to substances with different estrogenic po-
tency is possible (e.g. equol, O-desmethylangolensin, p-ethyl-
phenol). Last but not least, there is a big variability regarding 
the inter- and intra-individual metabolism – depending on dif-
ferences in gut microflora (use of antibiotics!), genetic poly-
morphisms, or intestinal transit time [22, 23]. For example, the 
daidzein metabolite equol has been found in urine samples of 
only 20–30% of Japanese women, and depends also on dairy 
product intake [24]. 
The main natural dietary source of isoflavones are soy prod-
ucts which in Asian countries are traditionally consumed in 

Fig. 1. Chemical 
structures of estro-
gens and isoflavones 
indicating the simi-
larities between both 
substance classes. 
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Fig. 2. Total isoflavone concentrations (μg/g) of fermented and unfer-
mented soy products. Relatively higher content of aglycons in the fer-
mented soy products tempeh, bean paste, and miso [81].
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high doses. With the exception of soy milk and soy infant for-
mulas, isoflavone concentrations in soy products are compara-
tively high (0.5–3.0 mg/g). Soy products are followed by other 
legumes, particularly runner beans (Phaseolus coccineus) and 
mung beans (Vigna radiata), as well as flaxseed (Linum usi-
tatissimum). But concentrations in these products are about 
100-fold to 1,000-fold lower than in soy products [25]. How-
ever, the isoflavone levels of soy food differ considerably 
among the various preparations with high content in soy flour 
and powder and lower content in processed soy food like tofu 
or miso (fig. 2). Boiling can decrease the isoflavone content of 
soybeans by more than half, but aglycons, which are found in 
high concentrations in fermented soy products like miso, are 
very stable at high temperature [25, 26]. 
The daily phytoestrogen intake is about 20–50 mg per person 
in East and Southeast Asian countries and is less than 1 mg 
in European countries and in the USA [27–32]. Interestingly, 
doughnuts constitute approximately 20% of the average daily 
intake of genistein and 15% of daidzein due to the high con-
tent of added soy flour in the USA [33]. 

High Isoflavone Consumption and Breast Cancer Risk

Given the great difference in soy consumption among West-
ern versus Asian populations, these 2 groups should be exam-
ined separately. The first report of a breast cancer-preventive 
effect of a high phytoestrogen intake was published in 1991 
for a population of Chinese women [34]. The meta-analysis of 
Wu et al. [35] gives a comprehensive overview on recent study 
findings (table 1). It included 8 (1 cohort, 7 case-control) stud-
ies with almost complete assessment of the total soy intake in 
Asian or in Asian-American populations. A further 6 studies 
were excluded because of incomplete assessment of dietary soy 
intake. The analysis shows a statistically significant risk reduc-
tion of breast cancer by 29% for Asian women with continuous 
high soy intake (odds ratio (OR) = 0.71, 95% CI = 0.6–0.85).  
Cut off point for high intake was 20 mg soy isoflavones or 
more per day, lowest intake was 5 mg or less. Also, a moder-
ate consumption of 10 mg per day showed a statistically signifi-
cant risk reduction of 12% (OR = 0.88, 95% CI = 0.78–0.98). 
The described significant inverse correlation was observed in 
both pre- and postmenopausal women [35]. A large prospec-
tive cohort study including a total of 35,303 Singapore Chinese 
women confirmed the previous data. High soy intake (> 10.6 
mg isoflavone/1,000 kcal) was associated with a significant 
breast cancer risk reduction compared with lower daily intake 
of soy products (risk ratio (RR) = 0.82, 95% CI = 0.70–0.97). 
The level of significance was reached only in a subgroup analy-
sis of postmenopausal women, and amongst them the ones 
above the median body mass index (BMI > 24 kg/m2) (RR = 
0.67, 95% CI = 0.51–0.88) were even more significant [36]. 
In a recent Japanese study (nested case-control within a pro-
spective cohort of 24,226 women), high serum levels of gen-

istein were statistically significantly inversely correlated to 
breast cancer risk in comparison to low serum levels (OR = 
0.34, 95% CI = 0.16–0.74, p < 0.01). However, the medium iso-
flavone intake was 32.5 mg/day in the patient group and 32.1 
mg/day in the control group. Therefore, the study did not find 
a statistically significant difference between isoflavone intake 
and breast cancer risk (p = 0.36). Furthermore, the authors 
assumed a threshold level of isoflavone effect due to the lack 
of data on a dose-response relationship. Unlike genistein, the 
second main isoflavone, daidzein, did not show any beneficial 
effect on breast cancer risk reduction (OR = 0.71, 95% CI = 
0.35–1.44, p = 0.34). None of the findings were substantially 
influenced by potential confounders such as menopausal sta-
tus or BMI. Although the study was well arranged, attention 
should be paid to the short half-live of isoflavones in the blood 
(only 6–8 h). To minimize the attenuation of risk estimates de-
rived from random measurement errors, the authors matched 
fasting time between cases and controls [37]. In addition, an-
other recently published Chinese case-control study showed 
a significant breast cancer risk reduction in women with high 
plasma levels of genistein (OR 0.26, 95% CI 0.13–0.50) [38].

Low Isoflavone Consumption and Breast Cancer Risk

The meta-analysis of Wu et al. [35] conducted in low-soy-
consuming Western populations included 11 studies (table 
2). Four of them were cohort or nested case-control studies, 
and 7 were simple case-control studies. Combined (OR = 
1.04, 95% CI = 0.97–1.11) as well as separate testing of co-
hort (OR 1.08, 95% CI = 0.95–1.24) and case-control studies 
(OR = 1.02, 95% CI = 0.95–1.11) revealed no significant dif-
ferences between low (0.15 mg or less) and high (0.8 mg or 
more) daily isoflavone intake and breast cancer risk. There 
were no differences in results by menopausal status [35]. The 
results of the recently published studies are consistent with 
previous studies. Neither a large prospective US American 
cohort study (Iowa Women’s Health Study, only postmeno-
pausal women) nor 2 equally large prospective European co-
hort studies (pre- and postmenopausal women), all based on 
food frequency questionnaires (FFQ), presented any statisti-
cally significant effects on breast cancer risk by isoflavone in-
take [39–41]. In one case-control study, a significant increase 
of risk for breast cancer in relation to higher isoflavone intake 
was observed (OR = 1.08, 95% CI = 1.00–1.16, p = 0.055) [42]. 
In this study, isoflavone consumption was indirectly estimated 
by measurement of excreted substances in urine samples of 
pre- and postmenopausal women. The significance level was 
reached in the total isoflavone group, and further in a sub-
group analysis of ER-positive breast cancers for equol – a 
rather strong estrogenic metabolite of daidzein (OR = 1.07, 
95% CI = 1.01–1.12, p = 0.013). The increase in breast cancer 
risk was only marginal, and furthermore the values of urine 
samples are inconsistent with the values of the isoflavone 
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plasma levels. Even the authors of this study did not dismiss 
the possibility of a false-positive finding as a result of the con-
ducted multiple subgroup analyses. In contrast thereto are the 
results of a big Dutch nested case-control study of pre- and 
postmenopausal women and measurement of plasma levels 
of isoflavones [43]. Except genistein, all isoflavones showed a 
non-significant reduction in breast cancer risk. Comparing the 
highest versus the lowest tertile of plasma levels, genistein was 
associated with a significant decrease in overall breast cancer 
risk (OR = 0.68, 95% CI = 0.47–0.98, p = 0.07). A subgroup 

analysis revealed that the protective effect was much stronger 
in post- than in premenopausal women (OR = 0.76, 95% CI 
0.45–1.09, p = 0.09 vs. OR = 0.67, 95% CI = 0.29–1.56, p = 
0.30). Although women of European or US American descent 
show much lower circulating levels of isoflavones than Asian 
women, the endogenous levels of phytoetrogens are 50–1,000 
times higher than endogenous estrogen levels in postmeno-
pausal women. Given this, the authors concluded that biologi-
cal effects of isoflavones may occur also in low-soy-consuming 
populations.

Table 1. Isoflavone intake and breast cancer risk in high-consuming populations

Authors [Ref.] Study design Subjects, n Results (95% CI) Comments

Wu et al. [35] meta-analysis of 8 studies  
(7 case-control, 1 cohort)

3,493 cases, 5,421 controls; 
cohort of 21,852 women

OR 0.71 (0.60–0.85)  20 mg vs.  5 mg daily isoflavone 
intake

Wu et al. [36] cohort study 629 cases; cohort of  
35,303 women

RR 0.82 (0.70–0.97) > 10.6 mg/1,000 kcal vs.  
 10.6 mg/1,000 kcal intake of daily 

isoflavones

Iwasaki et al. [37] nested case-control study 144 cases, 288 controls  
out of 24,226 women

OR 0.34 (0.16–0.74) highest vs. lowest quartile of serum  
levels of genistein; no difference for 
daidzein serum levels and no significant 
difference for dietary isoflavone intake

Lampe et al. [38] case-control study 196 cases, 1,002 controls OR 0.26 (0.13–0.50) highest vs. lowest quartile of plasma 
levels of genistein

CI = Confidence interval; OR = odds ratio; RR = risk ratio.

Table 2. Isoflavone intake and breast cancer risk in low-consuming populations

Authors [Ref.] Study design Subjects, n Results (95% CI) Comments

Wu et al. [35] meta-analysis of 11 studies  
(7 case-control, 4 cohort)
only case-control studies
only cohort studies

8,533 cases, 8596 controls;  
cohort of 170,693 women
6807 cases, 8596 controls
1726 cases; cohort of  
170,693 women

OR 1.04 (0.97–1.11)

OR 1.02 (0.95–1.11)
OR 1.08 (0.95–1.24)

 0.8 mg vs. 0.15 mg daily isoflavone 
intake

Cutler et al. [39] cohort study 2,529 cases; cohort of 34,708 
postmenopausal women

not available  0.52 mg vs.  0.13 mg daily isoflavone 
intake; no significant difference for  
isoflavone intake

Hedelin et al. [40] cohort study 1,014 cases; cohort of  
45,448 women

RR 0.98 (0.83–1.17) highest vs. lowest quartile of isoflavone 
intake (< 0.1 mg/day)

Travis et al. [41] cohort study 585 cases; cohort of  
37,643 women

HR 1.17 (0.79–1.71)  20 mg vs. < 10 mg daily isoflavone  
intake; only 29 cases with intake  20 mg

Ward et al. [42] nested case-control study 237 cases, 952 controls out  
of 14,032 women

OR 1.08 (1.00–1.06) high vs. low levels of urine isoflavones, 
results are inconsistent with the non-
significant difference of isoflavone 
plasma levels

Verheus et al. [43] nested case-control study 383 cases, 383 controls OR 0.68 (0.47–0.98) highest vs. lowest tertile of plasma 
levels of genistein, effect is stronger in 
postmenopausal women

CI = Confidence interval; OR = odds ratio; RR = risk ratio; HR = hazard ratio.
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Isoflavones and Markers of Breast Cancer Risk

Assuming that estrogenic effects on breast tissue may indi-
rectly estimate the risk of breast cancer development, some 
studies analyzed the impact of isoflavones on surrogate mark-
ers like mammographic density, measurement of the pro-
liferation marker Ki-67 in breast tissue, and others [44, 45]. 
Several trials did not show any significant increase in breast 
tissue proliferation after treatment with isoflavones com-
pared to placebo in both premenopausal and postmenopau-
sal women. Doses of daily isoflavone intake ranged from 36 
mg to 120 mg and duration of exposition from 14 days to 12 
weeks [46–48]. Also, in accordance with the results on cell 
proliferation, the trials did not reveal a significant increase 
of mammographic breast density depending on isoflavone 
intake. Dietary daily isoflavone intake differed between 40 
mg and 99 mg and study duration between 6 months and 3 
years [49–53].

Isoflavones and Risk of Breast Cancer Recurrence

Most concerns regarding phytoestrogen intake after diagno-
sis of breast cancer are based on cell culture and animal stud-
ies which showed that phytoestrogens have growth stimula-
tory effects on human breast cancer cells (e.g. MCF-7) and on 
breast cancer xenoplants in athymic ovariectomized mice [54]. 
The induction of tumor growth by genistein is stronger than 
by daidzein. Surprisingly, the estrogenic metabolite equol did 
not enhance proliferation of breast cancer cells in the mouse 
model [54–57]. This means that phytoestrogens have a preven-
tive effect on breast cancer development but have also stimu-
latory effects on the growth of ER-positive tumors in animal 
models and in cell culture. What could be the explanation for 
such divergent results? It may be hypothesized that both the 
cell culture system and the mouse model lack an endogenous 
estrogen environment. As a consequence, the low estrogen 
effect of isoflavones may stimulate tumor development. A 
milieu of higher endogenous estrogen may cause competi-
tion between isoflavones and estradiol for receptor binding 
sites and so the weaker estrogenic potency of isoflavones as 
well as the different binding preferences to the ERs  and  
might lead to an anti-estrogenic effect. In a higher estrogen 
milieu isoflavonoids act in vitro as anti-estrogens, while in a 
low estrogen environment they act as estrogens as is charac-
teristic for a postmenopausal situation [10]. In agreement, a 
more physiological mouse model with postmenopausal es-
trogen levels demonstrated an additional proliferative effect 
of genistein [58]. However, the addition of 17 -estradiol in 
only low postmenopausal levels of 20 pmol/l induced anti-
proliferative effects on MCF-7 cells by isoflavonoids [59]. 
Furthermore, the injection of murine or human ER-negative 
breast carcinoma cells into soy-fed BALB/c mice resulted in 
reduced metastasis and tumor growth [60, 61]. 

The data currently available on the recurrence risk of breast 
cancer in women are sparse. Two population-based cohort 
studies examined the influence of soy intake and isoflavone 
intake, respectively. Boyapati et al. [62] analyzed the disease-
free survival (DFS) of a group of 1,459 breast cancer patients 
taken from the Shanghai Breast Cancer Study cohort. The 
median time of follow-up was 5.2 years. The study did not ob-
serve any statistically significant association with overall sur-
vival between total isoflavone intake and DFS (third tertile 
vs. first tertile of isoflavone intake: hazard ratio (HR) = 1.06, 
95% CI = 0.79–1.42, p = 0.64). Also, the subgroup analysis did 
not reveal any significant difference with respect to hormone 
receptor status, BMI, or menopausal status. Unfortunately, no 
data on tamoxifen use were taken. The second study was con-
ducted on 1,210 breast cancer patients from the Long Island 
Breast Cancer Study Project. The patients were instructed to 
complete a FFQ when diagnosed with cancer. The follow-up 
time was 5 years. For the estimated adjusted HR for the high-
est isoflavone intake (> 7.48 mg/day) compared with the low-
est one (  0.29 mg/day), there was a trend towards a reduced 
risk but without statistical significance among both premeno-
pausal and postmenopausal women for the all-cause mortality 
(HR = 0.52, 95% CI = 0.33–0.82, p = 0.37). Although the trend 
was more evident within the postmenopausal group, it was not 
significant either (HR = 0.44, 95% CI = 0.24–0.81, p = 0.34). 
The HRs for breast cancer-specific mortality did show a simi-
lar trend but with lower risk reduction. The subgroup analy-
sis for hormone receptor status did not reveal any significant 
difference [63]. Neither study assessed possible postdiagnostic 
changes of isoflavone consumption. 

Isoflavones and Antihormonal Treatment

The possible functional interaction of isoflavones with anti-
hormonal therapy appears to be rather obscure. The estro-
genic properties of isoflavones may possibly antagonize the 
anti-estrogenic action of tamoxifen. After xenotransplantion 
of a tamoxifen-sensitive human breast cancer cell line (MCF-
7) in BALB/c nude mice, genistein reduced the growth in-
hibitory effect of tamoxifen [64]. In vitro cell cultures for 
daidzein proved the same. Only high and non-physiological 
concentrations of isoflavones inhibited tumor cell prolifera-
tion [65]. In contrast, Mai et al. [66] demonstrated synergistic 
effects of isoflavones (e.g. genistein) and tamoxifen on MCF-
7 cells. Furthermore, genistein, in the presence of tamoxifen, 
exerted a synergistic influence on a hormone receptor posi-
tive, HER2-overexpressing human breast cancer cell line – a 
receptor combination with frequently encountered tamoxifen 
resistance [67]. Here, genistein decreased epithelial growth 
factor receptor (EGFR), HER2, and ER  expression. The 
authors assumed a potential therapeutic use in ER+/HER2+ 
breast cancer cases with tamoxifen resistance, where genis-
tein could potentially reconstitute tamoxifen sensitivity. No 
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influence on serum levels of tamoxifen and its metabolism 
was observed in female tamoxifen users [68]. Also, the activ-
ity of aromatase inhibitors (AI) seems to be influenced by 
isoflavones. Genistein abolished in the MCF-7 implanted 
BALB/c mouse model the growth inhibitory effect of the AI 
letrozole [69].
Given this, the effects of isoflavones on breast cancer sur-
vival are presently not clear. Adverse effects, particularly on 
hormone receptor-dependent breast cancer and on antihor-
monal therapies, cannot definitely be excluded even though 
the 2 cohort studies with over 2,500 patients did not demon-
strate any detrimental outcome. Considering the potentially 
negative effect on breast cancer outcome, the German breast 
cancer commission of the ‘Arbeitsgemeinschaft Gynäkolo-
gische Onkologie, AGO’ recommends avoiding high isofla-
vone intake in breast cancer patients independent of the hor-
mone receptor status [70].

Interaction of Isoflavone Intake and Mammary 
Development

Three studies evaluated the role of isoflavone intake and 
time of exposure. In all of the 3 studies, intake of isoflavones 
during adolescence was associated with a reduction of breast 
cancer risk. Shu et al. [71] found a statistically significant risk 
reduction between lowest and highest quintile of soy intake 
in Chinese women of OR = 0.51, 95% CI = 0.40–0.65, p < 
0.001 (case-control study with 1,459 breast cancer cases, FFQ 
for the time between the ages of 13 and 15 years). A case-con-
trol study conducted by Wu et al. [72] on 501 Asian-Ameri-
can women with breast cancer revealed similar results. The 
comparison between the group with a generally high intake 
of isoflavones during adolescence (between ages 12 and 18) 
and adult life and the generally low intake group showed a 
significant risk reduction of OR = 0.51, 95% CI = 0.36–0.78, 
p  0.001. High intake in adults who had a low intake during 
adolescence did not reveal a significant risk reduction (OR = 
0.93, 95% CI = 0.58–1.48). High isoflavone intake only dur-
ing adolescence seems to reduce the breast cancer risk to a 
lower degree (OR = 0.77, 95% CI = 0.51–1.16). The third 
study on 3,024 Canadian breast cancer patients (case-control) 
showed that higher phytoestrogen intake during adolescence 
was associated with a reduced breast cancer risk (OR = 0.71, 
95% CI = 0.62–0.82, p < 0.001) [73]. Also, intake of soy-based 
formula in the first year of live could have a preventive ef-
fect on breast cancer development in later life. A small Ca-
nadian case-control study on 728 women with 372 cases of 
breast cancer revealed a risk reduction for the soy formula-
fed group of OR = 0.42 (only soy milk vs. only breast/cow’s 
milk in the first 4 months). The effect is not significant (95% 
CI = 0.13–1.40) not least due to the small study population 
[74]. The protective impact of isoflavones, especially of gen-
istein, on breast tissue during the prepubertal and pubertal 

period was confirmed by several animal studies on rats [75]. 
The underlying mechanisms of action are not yet clear, but 
prepubertal soy feeding of female rats generates a reduction 
in the number of terminal end buds (TEBs) and an increase 
in lobular differentiation. The human equivalent to the TEB 
is the terminal ductal lobular unit (TDLU) which is the mor-
phologic origin of most breast cancer cases. The structural 
changes are accompanied by a functional maturation of the 
gland with reduction of the cancer-sensitive stem cell pool and 
molecular switch to a less cancer-sensitive phenotype, respec-
tively. Effects are determined by genetic and epigenetic phe-
nomena and result amongst others in an upregulation of the 
tumor suppressor genes BRCA1 and PTEN. Warri et al. [75] 
proposed that early soy exposure might have a similar protec-
tive effect on the breast as early pregnancy. The findings are 
in agreement with the recently postulated importance of the 
sensitive window of pubertal breast development on cancer 
genesis [76–78]. 

Discussion and Open Questions

Due to the inconsistency of the data, an interpretation of the 
various study findings is hardly possible. The findings did 
however repeatedly reveal the following 2 main differences: 
Firstly, there is a discrepancy in breast cancer prevention 
between Western and Asian populations, that cannot be ex-
plained only by different amounts of daily isoflavone intake. 
Secondly, there is an obvious discrepancy between the ben-
eficial trend of using isoflavone for purposes of breast cancer 
prevention in human studies and the detrimental effects on 
breast cancer growth in cell culture or in mouse models. Be-
sides methodical problems, the age period of isoflavone expo-
sure may be relevant for the incoherence of the data, but at 
present many questions about isoflavone effects and particu-
larly its safety have not yet been answered: What is the epi-
demiologic evidence on isoflavones and breast cancer risk? Is 
there a dose-response relationship or a threshold level? What 
about high-risk situations (especially BRCA mutations)?
The positive effects of high isoflavone intake in Asian women 
have been demonstrated by a sufficient number of powerful 
studies. In populations with low isoflavone intake, data have 
not shown a clear preventive effect on breast cancer devel-
opment, but also lack evidence of any adverse influence on 
breast cancer risk. In conclusion, isoflavones can presently be 
regarded as relatively safe, but the effect of high ‘Asian-like’ 
isoflavone intake on Western populations remains uncertain. 
Therefore, formulas with high doses of phytoestrogens should 
be avoided. Further studies should evaluate the role of phy-
toestrogens on breast cancer survival.
Our current knowledge about the safety of isoflavones in 
cases of breast cancer is really rudimentary. Patients often 
ask for alternative treatment options like phytoestrogens, 
but presently we have only few human studies dealing with 
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this problem and so we are not able to give any satisfactory 
answer. Further investigations have to consider not only the 
hormone receptor status, but also the HER2 expression and 
histological properties. Also, does the endogenous estrogen 
environment influence the effects of the isoflavones? What 
is the impact of other phytoestrogens such as lignans and 
flavones? – An interesting question because of its common 
presence in Western diet products like tomatoes, berries, 

citrus fruits and many other fruits, vegetables, and herbs. 
Recent studies reported a modest decrease in risk of breast 
cancer in relation to intake of some flavones (apigenin, lute-
olin) [79, 80]. – What is the impact of different isoflavone 
metabolites and differences in metabolism? Which influence 
do non-estrogenic effects have (e.g. inhibition of tyrosine 
kinases, influence on enzymatic estrogen metabolism, epige-
netic modulation)?
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