
Introduction
Much of the early enthusiasm about the health benefits of soy had to do with its

potential role in reducing breast cancer risk.  This area of research continues to be
actively investigated and often provides potentially exciting results.  Ironically,
however, there is also concern that soy consumption could be detrimental to women
with estrogen-sensitive breast cancer, or to women at high risk of developing breast
cancer.1 The relationship between soy intake and breast cancer risk is undoubtedly
one of the most confusing areas of soy research today.

Background
The low breast cancer mortality rates among soyfood-consuming populations (five

to sevenfold less than in the U.S.) such as the Japanese, in combination with data
showing that weak estrogens can function as antiestrogens, prompted initial
speculation that soy might reduce breast cancer risk.  Greater lifelong exposure to
estrogen is associated with increased breast cancer risk; this is why earlier age at
menses, later age at menopause2 and hormone replacement therapy usage3 are
considered to be risk factors for breast cancer development.  Since estrogen increases
breast cancer risk, certain antiestrogens such as the drug tamoxifen, can decrease risk.
The first animal study showing that genistein (the main isoflavone in soybeans)
possessed antiestrogenic activity was published in 1966.4

Although no definitive evidence states that soy exerts antiestrogenic effects in
humans, soy was shown to counter the stimulatory effects of estrogen on mammary
cell proliferation in monkeys.5 Furthermore, during the past ten years, research has
identified several different mechanisms by which soy could exert antiestrogenic
effects.  These include: 1) competing with estrogen for binding to the estrogen
receptor, 2) down-regulating estrogen receptors, 3) increasing serum levels of sex
hormone binding globulin (SHBG)6 and 4) favorably altering estrogen metabolism.7,8

Despite the plethora of possible antiestrogenic mechanisms, arguably, the most
excitement over the anticancer effects of soy is based on the ability of genistein to
inhibit the activity of key enzymes and to influence cellular molecules, such as
transforming growth factor beta, that lead to the inhibition of cancer cell growth.9,10,

11,12,13

Animal Studies
Studies examining the effects of soy/isoflavones on the
development of mammary (breast) cancer in adult
animals are somewhat inconsistent. Although
studies generally show that the addition of
soy to a standard laboratory diet does not
significantly inhibit tumor incidence
(percentage of animals in the group with
tumors), in most cases, soy consumption
does inhibit tumor multiplicity
(number of tumors per animal) by 25
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percent to 50 percent.14,15,16  

Furthermore, one recent study found that miso (fermented soy paste) acted synergistically with the breast
cancer drug tamoxifen, to inhibit the development of mammary tumors in rats.17 The study found that the
combination of miso and tamoxifen inhibited the growth of existing mammary tumors, whereas tamoxifen by
itself was ineffective.  

There has been particular interest in research showing that genistein exposure for just a few days very early
in life reduces mammary cancer development later in life by as much as 50 percent.18

Epidemiology
Somewhat surprisingly, given the low breast cancer mortality rates in Asia, epidemiological studies (case-control
and prospective cohort studies) conducted in Asia provide little support for the notion that the adult
consumption of soy reduces postmenopausal breast cancer risk. However, modest support exists for protective
effects against premenopausal breast cancer.19 Interestingly, in agreement with the animal data, one recent study
in Asia found that 13 to 15 year old girls who consumed soy were less likely to develop breast cancer later in
life in comparison to girls who did not consume soy.20

A few studies conducted among Western populations have found that soy consumption, using urinary
excretion of isoflavones as a measure of intake, is protective,21,22 but soy intake in these studies was so minimal
that the relevance of these findings is unclear.23

Possible Contraindications

In Vitro Studies
At physiologic concentrations (levels likely found in humans), genistein stimulates the growth of estrogen-
receptor positive (ER+) breast cancer cells (cells whose growth is stimulated by estrogen) in vitro.24

Genistein does not stimulate the growth of estrogen-receptor negative (ER-) breast cancer cells, and at high
concentrations genistein inhibits the growth of all types of cancer (prostate, colon, skin, ER+ and ER- breast
cancer cells, etc.) cells.  

The proposed explanation for these observations is that at low concentrations, genistein acts like an
estrogen to stimulate the growth of ER+ breast cancer cells, but not ER- cells.
However, at higher concentrations, non-hormonal properties of genistein come into
play, which result in the growth of both types of breast cancer cells.  In any event,
because in vitro cell systems may be lacking important regulators of cell
growth, the relevance of all data from in vitro models to humans is unclear.

Animal Studies
The bulk of studies show that soy at least modestly inhibits mammary
tumorigenesis in adult animals. However, one study shows that, when immune deficient (athymic) mice
with ovaries removed to stop estrogen production were implanted with ER+ breast cancer cells and given
genistein, tumor growth was stimulated in comparison to mice not given genistein.24 Soy protein isolate
also had this effect, though both the effects of genistein and the isolate were much less than that of
estrogen.  However, this model, which is purported to mimic postmenopausal women, has been roundly
criticized on methodological grounds.  In addition, postmenopausal women have at least some circulating
estrogen. Furthermore, a similarly designed experiment, in which mice were not ovariectomized (thus
serum estrogen levels were high), demonstrated that genistein actually inhibited, rather than stimulated,
tumor growth.25
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Human Studies
Two human studies have prompted concerns about women with ER+ breast cancer consuming soy.  The
first found that daily consumption of 38 g soy protein over a four-month period was associated with an
increase in breast nipple fluid aspirate secretion -- previous epidemiological research suggests this may be
a risk factor for breast cancer -- and breast cell hyperplasia (cell proliferation, typically viewed as a marker
for cancer risk).26 The authors of this pilot study concluded that soy appears to exert estrogenic effects on
breast tissue.  However, this study had serious methodological flaws including lack of a control group. Fluid
secretion also continued to increase in women even after soy feeding was discontinued.  

The second study looked at the effects of feeding 60 g of textured vegetable protein for two weeks on
breast cell proliferation, a possible marker for cancer risk.  A preliminary analysis of this study based on
biopsies from only half of the subjects indicated soy consumption markedly increased breast cell
proliferation.  However, in the final analysis, which included all 84 subjects, no such effect on breast cell
proliferation was noted.27

However, soy did appear to exert a weak estrogenic effect on breast tissue, because biopsies indicated
that two proteins found in breast cells were affected by soy in the same way they are affected by estrogen,
although to a lesser extent.  The authors concluded that soy had a weak estrogenic effect on breast tissue,
but also that the long term implications of this effect were unclear because soy did not increase cell
proliferation. Also, the study was only two weeks in duration.  Many of the proposed mechanisms for the
antiestrogenic effects of soy likely take longer than two weeks to become evident.

Lessons from Observational Studies of Hormone Replacement Therapy 
Oncologists have been reluctant to recommend estrogen for their ER+ breast cancer patients because of studies
suggesting that hormone replacement therapy (HRT) increases breast cancer risk.  However, not only is this view
being challenged because of conflicting data about the relationship between HRT and breast cancer risk, but
also because two large epidemiological studies suggest that estrogen may not even be the culprit.  

Women who have an intact uterus take estrogen plus another hormone, progesterone, because estrogen by
itself greatly increases the risk of endometrial cancer, while estrogen plus progesterone does not increase risk or
does so only slightly.  Recent data indicate that estrogen taken by itself only very weakly increases breast cancer
risk, whereas the combination of estrogen plus progesterone may increase breast cancer risk two to three fold
over the course of a women’s lifetime.28, 29, 30, 31 These observations suggest that soy is unlikely to increase breast
cancer risk because, although soy/isoflavones may have weak estrogenic activity, soy has no progesterone
activity.

Conclusions
The evidence that soy consumption reduces breast cancer risk in adult women is inconclusive.  Epidemiological
studies provide relatively little support for protective effects whereas animal studies are modestly encouraging.
Several human studies show that soy favorably alters estrogen metabolism and may make estrogen less
available to the tissues – effects that should be protective against breast cancer.  

Results from one animal model (overiectomized, athymic mice) and two human studies raise some concerns
that soy could be contraindicated for ER+ breast cancer patients.  However, the implications of these findings
are unclear.  Importantly, recent observational data suggests that the hormone progesterone, not estrogen, is
responsible for the increased breast cancer risk seen in women using HRT.  

Nevertheless, because more research is needed, prudence would dictate some caution in the amount of soy
and isoflavones consumed by ER+ breast cancer patients.  Until further data is available, a reasonable
recommendation for ER+ breast cancer patients would be to consume soy as part of an overall healthy diet,
perhaps three to four times per week.  

On the whole, the evidence suggests that consuming moderate amounts of soy is much more likely to be of
overall benefit to health rather than harmful, both in terms of breast cancer risk and other chronic diseases. 
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