MESSINA ET AL.- JOURNAL OF AOAC INTERNATIONAL VOL. 89, No. 4, 2006 1121

SPECIAL GUEST EDITOR SECTION

An Overview of the Health Effects of Isoflavones with an
Emphasis on Prostate Cancer Risk and Prostate-Specific Antigen
Levels

MARK MESSINA

Loma Linda University, School of Public Health, Department of Nutrition, Loma Linda, CA 92350,

Nutrition Matters, Inc., 439 Calhoun St, Port Townsend, WA 98368

OmER Kucuk

Wayne State University, Barbara Ann Karmanos Cancer Institute, Prevention Program, 4100 John R, 4-HWCRC, Detroit,
MI 48201

Jonanna W. Lampre

Fred Hutchinson Cancer Research Center, Public Health Sciences Division, Cancer Prevention Program, 1100 Fairview
Ave, N., M4-B402, PO Box 19024, Seattle, WA 98109

Soybean isoflavones possess hormonal and embraced as a good source of protein from which a wide
nonhormonal properties that may reduce the risk of variety of foods can be made. Recently, however, there has
coronary heart disease, osteoporosis, and certain been interest in the potential health benefits of soy foods
cancers, and alleviate hot flashes in menopausal beyond the role these foods can play in meeting nutrient
women. Among the various cancers whose risk may  needs. More specifically, soy foods have been postulated to
be reduced by isoflavones, there is particular reduce the risk of a number of chronic diseases, including
interest in prostate cancer. Eleven trials have coronary heart disease (CHD; 1, 2), osteoporosis (3), and
examined the effects of isoflavones on serum certain cancers (4-6). There are a number of biologically
prostate-specific antigen (PSA) levels. The dose of active constituents that may contribute to the many proposed
isoflavones in these trials from supplements or soy benefits of soy foods, but it is the isoflavones that have
protein ranged from 60 to 900 mg/day (typical primarily caught the attention of the research community.
Japanese intake is 30-50 mg/day), subject Currently, approximately 600 scientific papers on isoflavones
number/group ranged from 8 to 62, and study are published annually.

duration from 20 days to 1 year. Isoflavones did not Isoflavones, which among commonly consumed foods are
affect serum PSA in healthy subjects. In contrast, in found in nutritionally relevant amounts only in the
4 of 8 trials involving prostate cancer patients, soybean (7), possess both hormonal (8) and nonhormonal (9)
isoflavones significantly favorably affected PSA properties that may contribute to their in vivo biological
although in no studies was there an absolute activity. The estrogen-like effects of isoflavones are viewed as
decrease in PSA concentrations. The mechanismby  possibly leading to reductions in the risk of CHD (2),
which isoflavones affect PSA could not be osteoporosis (3), and alleviation of hot flashes (10), whereas
determined from the existing research, although _ the antiestrogenic effects, which were first observed in mice
hormonal changes do not seem to be a factor. The _more than 40 years ago, have been proposed as one
clinical evidence is sufficiently encouraging to mechanism by which isoflavones reduce the risk of breast

justify considering additional Phase Il and Hll clinical cancer (11). However, it is the nonhormonal properties that
trials investigating the efficacy of soy isoflavones in account for most of the interest in the potential.

different populations of prostate cancer patients chemopreventive properties of isoflavones and have led to the
alone and in combination with other treatments. considerable speculation that isoflavones reduce the risk of

both hormone-dependent and independent cancers (9).

- — Among the various cancers that might be affected by
FOOdS made from the soybean have been consumed in  jsoflavones, there is particular interest in prostate cancer.

Asia for centuries and by vegetarians in non-Asian  Animal studies demonstrate that isoflavones inhibit the
countries for decades. The soybean has long been  growth and development of experimentally induced prostate
- - ~ tumors (4). These data, along with the low Asian prostate
Guest edited as a special report on the "Role of Accurate cancer mortality rates (12) and the case-control and
Methodology in Demonstrating Safety and Efficacy of Phytoestrogens" prospective epidemiologic data Suggesting soy intake reduces
by G. Sarwar Gilani and Joseph Betz. sk (6). h doubted! ided the basi
Corresponding author's e-mail: markm(@olympus.net pro;tate CFmC?r risk (6), have l}ﬂ ouvtedly provice € ?Sls
for investigating the effects of isoflavones on prostate-specific
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antigen (PSA) levels. This review will focus primarily on
evaluating these trials but, in addition, background
information about isoflavones, as well as brief discussion of
the effects of isoflavones on CHD, osteoporosis, breast
cancer, and alleviation of hot flashes, are included.

Isoflavones

Absorption and Metabolism

Isoflavones are a subclass of flavonoids but, by comparison
with other flavonoids, have a very limited distribution within
the plant kingdom. The 3 soybean isoflavone glycosides are
genistin, daidzin, and glycitin, and their respective aglycones
are  gemstein  (4'5,7-tnhydroxyisoflavone),  daidzein
(4',7-dihydroxyisoflavone), and glycitein
(7,4'-dihydroxy-6-methoxyisoflavone).  Typically, = more
genistin and genistein exist in soybeans and soy foods than
daidzin and daidzein, whereas glycitin and glycitein comprise
less than 10% of the total isoflavone content of the
soybean (13). Japanese adults consume from 25 to 50 mg/day
(all values in this text refer to aglycone equivalents) of
isoflavones, and <10% of the population consumes as much as
100 mg/day (14-19). By comparison, ! serving (e.g., 250 mL
soymilk, 85 g tofu) of traditional soy foods provides
approximately 25 mg isoflavones (13).

After the ingestion of soy foods,-there is a small peak in
serum isoflavone levels approximately 1-2 h later, but the
major serum peak occurs 4-6 h postingestion (20). Most
research estimates the half-life of isoflavones to be between
4 and 8 h; 24 h after the consumption of soy foods, nearly all
of the isoflavones are excreted (20). Serum isoflavone levels
increase in a dose-dependent fashion in response to soy food
consumption (21-23), although the efficiency of isoflavone
absorption decreases somewhat as doses rise above
approximately 50 mg (24, 25). There is, however, significant
variation in isoflavone metabolism among individuals that
leads to a wide range in serum concentrations of both parent
isoflavones and their metabolites (20, 26). Most notable in this
regard is that only approximately 30 to 50% of individuals
harbor the intestinal bacteria that convert the isoflavone
daidzein into the isoflavonoid equol; equol has been proposed ~
as an especially beneficial compound in general (27, 28) and"
specifically for the prevention of prostate cancer (29-31).

Physiological Attributes

Isoflavones have a chemical structure similar to the
hormone estrogen, bind to estrogen receptors (ERs), and exert
some estrogen-like effects in cells (32, 33). However, the
estrogen-like effects of isoflavones are often not observed in
vivo (34-36), which is not surprising because it is well
established that ER-binding ligands often have very different,
and sometimes opposite, biological effects (37). Arguably,
isoflavones are more accurately classified as selective ER
modulators than as phytoestrogens (38, 39). The selectivity of
isoflavones may stem in part from their preferential binding
to, and activation of, ERP in comparison to ERa (40—42).

As noted previously, isoflavones, especially genistein,
exert nonhormonal effects. These effects are particularly
relevant to cancer prevention and treatment. For example, in
vitro, genistein modulates genes that are related to the control
of cell cycle and apoptosis and inhibits the activation of
NF-kB and Akt signaling pathways (9). More detailed
information about the possible mechanisms by which
genistein nhibits the growth of prostate cancer cells is
provided later.

Isoflavones and the Prevention of Chronic Disease
Coronary Heart Disease

The cholesterol-lowering properties of soy protein were
first demonstrated in humans in 1967 (43), although it was not
until 1995 (44) that these properties caught the attention of the
general nutrition community. The mechanism by which
cholesterol is lowered has not been established (45), but some
evidence suggests that isoflavones enhance the response to
soy protein, although there is little evidence that they are
hypocholesterolemic on their own (46). In any event,
cholesterol reduction is quite modest (£5%; 46, 47), although
still relevant from a public health perspective (48, 49). In October
1999, the U.S. Food and Drug Administration approved a health
claim that daily intake of 25 g or more of soy protein prevents
heart disease. It 1s likely, however, that the postulated coronary
effects of isoflavones independent of cholesterol reduction have
the greater potential for lowering CHD risk.

Several studies have shown that isoflavones improve
systemic arterial compliance (50) and endothelium-dependent
and independent vascular reactivity (51-54). Isoflavones may
also inhibit low-density lipoprotein cholesterol (LDLC)
oxidation (55, 56). Still, the inconsistent data in each of these
areas prohibits conclusions from being drawn. Still, the
dramatic reduction (86%) in the relative risk of nonfatal
myocardial infarction associated with soy consumption in the
Shanghai women’s study, a prospective epidemiologic study
mmvolving approximately 65 000 postmenopausal women,
certainly suggests that soy exerts multiple coronary benefits
becuase the modest cholesterol-lowering effects of soy
protein could not account for these protective effects (1).

Osteoporosis

Asian epideniiologic studies generally show that soy intake
is positively associated with bone mineral density (BMD; 3),
and in the only epidemiologic study to include fractures as an
end point, relative risk was reduced by approximately
one-third when comparing Chinese women in the fifth versus
first soy protein intake quintile (57). Rodent studies show
1soflavones and isoflavone-rich soy protein reduce bone loss
in young ovariectomized rats and aged retired breeders,
although not in ovariectomized virgin adult rats (58). Both the
hormonal and nonhormonal properties of isoflavones may
help to reduce bone loss (59).

The first human study suggesting isoflavones favorably
affect bone health was published in 1996 (60), and since that
time at least 20 additional clinical trials have examined the
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effects of isoflavones—from either supplements or isolated
soy protein (ISP, by definition ISP is at 290% protein)—on
BMD in peri- or postmenopaual women (3). Overall, the data
are intriguing, but the inconsistent results and relatively small
size and short duration of most trials prevent definitive
conclusions from being drawn. Those trials in which skeletal
benefits have been observed suggest 80 mg/day of isoflavones
is efficacious, although few studies used more than 1 dose.
Brief discussion of a few trials follows.

One of the better-designed studies found that, over the
course of 1 year, postmenopausal women who received
54 mg/day of genistein experienced statistically significant
increases in lumbar and femoral neck BMD that were
comparable in magnitude to women in this study who were
administered conventional hormone replacement
therapy (61). In agreement, two 2-year studies demonstrated
that, in postmenopausal women in comparison to ISP devoid
of isoflavones, isoflavone-rich ISP reduced bone loss at the
spine (62) and/or hip and spine (63). In the former study,
results were primarily limited to equol producers and, in the
latter, to women not on hormone replacement. In contrast to
these 3 trials, several well designed trials failed to observe
skeletal benefits of isoflavones, although the failure of one
such trial to do so may have been because the women in this
study were an average 67 years of age (64).

Currently, several large trials gvaluating the skeletal effects
of isoflavones in postmenopausal women of at least 2 years'
duration are underway. The results of these trials will likely
allow for more definitive conclusions to be drawn. In the
meantime, it seems reasonable for women concerned about
bone health to consider including a source of isoflavones in
their diet. :

Breast Cancer

Research generally shows that isoflavone-rich ISP and
isolated isoflavones inhibit mammary cancer in rodents
regardless of the method of tumor inductién (65-67),
although there are exceptions (68, 69), and in many studies
tumor inhibition was not particularly robust. Recent data
indicate background diet may affect efficacy (70).- A
meta-analysis that included 16 epidemiologic studies concurs
with the animal data; however, many of these studies were of
rather poor quality (5).- Furthermore, the clinical data show
little evidence of benefit; soy does not lower estrogen
levels (8, 71), decrease breast tissue density (72, 73), or breast
cell proliferation in vivo (74), although there is some evidence
that soy favorably affects estrogen metabolism (75), decreases
tumor necrosis factor alpha (76), and increases menstrual
cycle length (8) [longer cycles are thought to be protective
against breast cancer (77)].

Finally, there is particularly intriguing animal (78, 79) and
epidemiologic (80, 81) evidence suggesting that soy
consumption during childhood and/or adolescence, likely
because of isoflavone exposure, reduces risk of developing
breast cancer during aduithood. These observations are
consistent with mounting evidence indicating that early life

influences—parity, lactation, age at menses, birth weight,
etc.—impact risk of developing breast cancer (82-93).

Alleviation of Hot Flashes

In 1992, isoflavones were first suggested to possibly
account for the low incidence of hot flashes among Japanese
women (10) and, in 1995, the first clinical trial examining this
hypothesis was published (94). The more than 20 clinical
trials published since then have produced very conflicting
findings, however (95-97). The large placebo response
typically observed in most trials complicates investigation of
this area (98). The different products (e.g., supplements
versus foods) used in these trials further complicates
interpretation of the data (99). In this regard, some evidence
suggests high-genistein supplements are more efficacious
than low-genistein supplements. Additional proposed
explanations for the inconsistent results are the marked
differences in isoflavone metabolism that exist among
individuals (26, 27) and the variation (some evidence suggests
efficacy is positively related to frequency) in the mean
baseline hot flash frequency among study subjects (97). It is
certainly not possible to conclude that isoflavones alleviate
hot flashes, although arguably the data are sufficiently
suggestive to justify that women try isoflavones for relief.

Prostate Cancer

Among men worldwide, cancer of the prostate is the
third (100) most common cancer and sixth (101) most
common cause of cancer death but, in the United States,
prostate cancer is ranked first and second, respectively, in
these categories (102). Prostate cancer mortality rates are
3 times higher among developed than among developing
countries, but rates in Europe and the United States are 5 to 10
times that of Japan, despite the high socioeconomic status of
this country (101). Migration data indicate that this East-West
difference is largely, if not completely, environmentally
determined (103, 104). Interestingly, autopsy data suggest that
prostate cancer in Japan does not progress as readily to the
more advanced stages of this disease as it does in high-risk
countries (105, 106). Furthermore, Shibata et al. (106)
estimated that as much as 80% of prostate cancer in Japan may
go undetected, thereby making their low prostate cancer
mortality rate even more remarkable.

Recent animal research suggests isoflavones may be one
factor contributing to the lack of progression of latent prostate
cancer among Japanese men. In male rats, isoflavone
supplementation reduced the number of 2-amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine-induced prostate tumors but
did not affect the development of prostatic intraepithelial
neoplasia (107). Similarly, in the transgenic adenocarcinoma
of mouse prostate model, genistein delayed the progression
from benign to malignant tumors (108). In agreement with
these studies is a case rteport that suggested the high
rate of apoptosis in a prostate specimen taken from a
66-year-old prostate cancer patient may have been
due to the daily consumption of isoflavones 1 week prior to
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radical  prostatectomy  for  moderately  high-grade

adenocarcinoma (109).
In Vitro and Animal Studies

Genistein inhibits the growth of  both
androgen-dependent (110-114) and independent (110,
113-117) prostate cancer cells in vitro. Although the
concentration required to inhibit growth markedly exceeds
serum genistein concentrations in soy food consumers
(118-120), several observations suggest these in vitro data are
biologically relevant (110, 116, 120). For example, in rats,
prostate tissue genistein concentrations that led to a reduction
in epidermal growth factor receptor content werc at least
100-fold lower than those required to inhibit prostate cancer
cell growth in vitro (120). Furthermore, the animal data are
consistent with the in vitro inhibitory effects. Although there
are exceptions (121), isolated isoflavones and isoflavone-rich
soy protein inhibit prostate tumor growth and development,
whether tumors are initiated chemically (122-124), via the
transplantation of prostate cancer cells (114, 125, 126), or by
genetic manipulation (127, 128).

The estrogen-like effect of genistein may, in theory,
contribute to the in vitro inhibitory effects of this isoflavone
becuase high-dose estrogen has been used in the treatment of
prostate cancer (129). Furthermore, isoflavones preferentially
activate ERp in comparison to ERo, some evidence suggests
activation of the former leads to prostate tissue
differentiation (130, 131). Isoflavones also inhibit the activity
of 5-o reductase, thereby possibly reducing cellular
concentrations of dihydrotestosterone (DHT; 132, 133).
Recent work indicates that another possible mechanism by
which genistein decreases prostate cancer risk is by increasing
prostate tissue vitamin D levels (134).

Nevertheless, it is the nonhormonal properties of
isoflavones that have attracted most of the attention in regard
to anticancer effects (9, 135). Kyle and colleagues (116) found
that the lack of ERs did not prevent genistein from inhibiting
the growth of PC3-M cells in vitro. At high concentrations,
genistein has long been identified as an in vitro inhibitor of
tyrosine protein kinases (136), a group of mitogenic enzymes, .
although Peterson and Bames (110) showed early on that the_
growth inhibitory effect of genistein against LNCaP cells was
not related to phosphorylation inhibition. Similarly,
Santibanez et al. (113) found that, although high
concentrations of genistein inhibited the growth of PC-3,
DU-145, and LNCaP cells, tyrosine phosphorylation was
decreased only in the PC-3 cells (113). The growth-inhibitory
effects of genistein can be attributed in part to alteration in cell
cycle (112, 137), induction of apoptosis (111, 112, 116), and
modulation of several signaling and adhesion
molecules (112, 117, 137, 138).

In conclusion, it is clear that there are many pathways and
mechanisms by which genistein and other isoflavones and
their metabolites may inhibit prostate tumorigenesis. This
point may be best illustrated by findings by Li and
Sarkar (139), who recently reported that, in PC3 cells, 832

genes showed a greater than 2-fold change after genistein
treatment.

Prostate-Specific Antigen as a Marker for Early
Detection and Monitoring of Treatment Response in
Prostate Cancer '

Measurement of serum PSA has become the most common
cvent leading to the diagnosis of prostate carcinoma (140, 141).
PSA is a serine protease synthesized by prostate epithelial cells,
and its functional role is in the liquefaction of the seminal
coagulum to allow release of spermatozoa. For the past decade
or more, a PSA value of 4.0 ng/mL has been considered to be
the upper limit of normal. However, recent research found that
approximately 15% of men with prostate cancer had PSA
values between 3.1 and 4.0 ng/ml (142). Thus, the optimal
upper limit of normal for PSA for prostate cancer screening is
unknown (140). Aside from total PSA levels, other PSA-related
markers of prostate cancer risk include PSA velocity (an annual
increase of 0.75 ng/mlL should prompt biopsy regardless of
PSA level) and the ratio of free (unbound to plasma proteins) to
total PSA (140).

Clearly, PSA is not a perfect marker, as levels of this
protein are elevated by benign prostatic hyperplasia, prostatic
inflammation, and other prostate conditions (143-145).
Nevertheless, in men with prostate tumors, serum PSA
concentration is proportional to prostate tumor volume (146),
and successful treatments for prostate cancer do lower PSA
levels (147-155). However, recent intervention data
demonstrate that reducing prostate cancer risk is not
dependent upon reductions in PSA levels (156).

Effects of Isoflavones on PSA Levels in Men without
Prostate Cancer

Three studies were identified that examined the effects of
isoflavone-rich soy protein on PSA levels in healthy subjects
(Table 1; 157-159). In 2 of these (157, 158), ISP rich in
isoflavones was compared to ISP nearly devoid of
1soflavones, whereas in the third study, diets that included or
lacked isoflavone-rich ISP were compared (158). In the text
that follows, the total number of grams of soy protein
consumed by the study subjects precedes “ISP”, and the
milligrams of isoflavones provided by that amount of ISP
follows. For example, a study in which subjects consumed
25 g ISP that provided a total of 50 mg isoflavones would be
referred to as “25 g ISP-50".

The first study to examine PSA levels was a randomized,
double-blind, crossover pilot study by Urban et al. (157)
involving 34 elderly hyperlipidemic men with an initial PSA
of >4 ng/mL. Half of the subjects consumed 37.5 g ISP-69 and
half 37.5 g ISP-3.4; after 6 weeks, subjects were switched to
the opposite protein for another 6 weeks. Irrespective of the
order in which the 2 soy proteins were administered, there
were no effects on PSA levels. In agreement with these
findings are those from a 1-year double-blind, parallel-arm
randomized trial by Adams et al. (158) in which 81 healthy
older men with low (geometric mean, 1.7 ng/mL) PSA levels
were assigned to consume either 40 g ISP-83 or ISP-3. PSA




62°0 =ZlL1—v8 Snsien
¥8-0 sAeQ Jo} anjer 4 = YAVSd

%0L 0 %820 VHINYSd
€9 8y 9¢ vSd
zh 8 0 Aeq §'¢ T 8'p = Meys Apris o} sisoubelp souls 41 Bw 868 '¥8-82
,(as T ueew) sieek ‘e0d @ 10D ‘g ebels  SAep ‘4l Bw 6 ‘92—0 shed shep 8 €/7689'0z leqelusdo 19l
,3S F ueaw = ,, JUBUNEAL JOUd = ,
500 6 5> LH
120 9 ! L ody
Tenead Toasod T.ed smes

“Qitow Jad ySd Ul asu Jusdiad
vede syeam z< sbuipeas A1S$900NS
Z 1e qw/Bu 01< Jo puedl | e yum Jede (syuow g-g'0)
$399M g< SUOISBDO0 DAISSA0ONS € UO YSd |, 41 Bw ozt syuow g'g €L°GE {eqe| usdo 091

Jooues ajejsoud pawlyuod A|e16oi0ISY Yiim Usiy

{1 =0 '921)) 2€G0 =d (Ie10) £99°0 =

MESSINA ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 89, No. 4, 2006 1125

¥'0 ¥0 ¥'0 0 99.4
e (&4 |44 v'e elol
€ 0 € 0 SHBOM
— das pnuoy B 9} L-dS| B pp ‘xoudde'
eisejdoau jeije ypdeesul | pue 7 1) da1s {d3DON) wesboid
Hdg pey ¢ oiwepidipediy uoieonp3 |019)s8joy) jeuoneN  SHSIM ZL-Z ZFLIS 'OV J9A0SS0ID [5°1%
7T (sueal o)BLI039)) , ¥
0C 0C syuow Z|
£-dsl
'L Al aujjeseq sjusned dAjod snojetuouspe [ejoalol0) 1o Buw £8-dSI B oy +19ip [ensn Syuow g}, ¥'$9 'xoidde ‘L g |9eted 8G1
+dS ~dsl
o Zt90=d .
“+dS1 PuE ~d4S| Ul Bueseq Woly sebueyod 1Sa) wns juel UOX0DjIM
4 L8 pouad puz
8L L8 polsad is|
9L 16 au||esed
—dSI 01 +dSI +dSl Buw 'g-dS1 10 Bw 69-dS|
0} —dS| Jw/Bu $2 ¥Sd Bg /¢ +19p fENSN syeem 9 £TFPGY Ve IBA0SSOID 1G4
159UE9 ajesosd pauuyuod A|[ealbojolsiy INoyLm Usiy
(pa1EoIpUl 8SIMIBHIO SSB|UN UeaWw uonduosap Jo Ayiqibie jusiedposlang uojusAIsiu| uoneinp (s1e8A) abe adfy ‘1o
“qui/Bu) senjea ySd Apnis ‘v isjoelgng Apnis

ahm&:o_uma 190ue9 9je)sold pue
sioelgns Aujjeay ui sjans| uabue oiioads-aje}soid wniss uo uldjoid Aos YIL-SBUOAR|JOS] 10 sjuawajddns sauoAejos! Jo s)oaye ayj bulujwexae saipng | ajqel




‘SN dnoub yoes oy
S8NJBA [BUIL PUB SBN[EA [BUI PUE [Bf)iul USaMIa] s8oualsyiq

60° 0l 60 0l 8ai4
8'9 A 69 SL [ejoL
T leud ey Ceud jenul
T dsi ) [E0%) 95 $81008 UOSEB|D pPEY waisiueb B 0z1-ds| TSFLLL
pue eusjuo Buniem jnjyolem jo|N 10 u@)04d 104300 + JB3IP [BNSN Syeam 2L xoudde ‘g2 19liejed S9L
- SN S8oualayi(] “S|o)U0D [BOUOISIH,
€1l 601 SBUOABYOS|
€6 '8 Miskilbielo]
eug e GZ 94008 L0SEd|D 41 Jenop pai Bw 09| (b5-2)shepoz 997969 °6L (9qejuado  ¥9l
o japow spsezey jeuopiodosdd 620 = o
syjuow
< ‘yuolssalboud
S €9 P o) swil
<t |opow spiezey
M. |euoiodosd ‘8L0°0 = o 1158} duel paubls UOXODIIA ‘90°0 = J SON|eA uelpaly
o syjuow ‘,awn .
* o 9L Bungnop vsd
= R _—
S i esld [eseug
- Jw/bu 0L} ‘'YSd uepaw isjuaned | Y 10} 0'4< vii-d§l Bee
Z 10 ¥ 10§ G'0Z ¥Sd 'OSIV 151 < PuzZ 8yl yim  + Qld I} 9SBYd *SUILBNARINW
m sanjeA ipeu | Y 10 gy-isod ay) < (Lede sasm pue ‘Wniusies ' UIB)IA
3 | = SBUIpESI GARNOBSUOD Z D) SaNjeA ySd  + (1B %0Z Ajejeulixoidde) (z1-0¢)
[~

1 (bh = U) 1310 (9 = U) oy ueuesy Joyg 18 MOI(QId) 191P | BseUd syjuow ' (18-8G) 1L 'L [eqeIuedO €9l

(44

=

Z T uesul ,, jUsunesl] 10ld,

@]

m 98 0'8 MM .

m 8'6 0L 810ho Jo

< £y sz Lyidy

<

M L0l 9'9 14

IS zrl '8 dy

i ToBUd .eueseq smeis JusW}Beal} {RUCHUSALOD

M palie) 1sow ‘sBuipeal SANDSSUOD Z U0 YSd | 41 Bui 006 sSyuow g ¢/ 'xoidde ‘zg  |9qge) uado 291
53]

ANn (pejeoipul 8SIMIBLIO SSB|UN UBaW (jw/bBu) senjea vSd uonduosap 1o Ayjiqibie uenednosigng uonuanIBl| uoneinp (s1eaf) abe adA) Joy
z Apnig ‘u spslgng Apmg

&3] -

=

(ponupuos) | ajqey

1126




1127

MESSINA ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 89, No. 4, 2006

‘uoiielnsp prepuels = ds
) "Jous piepuels = 35
(905 10 GZ< AlIENSN) YSd Ul 8sealou pauyapaid B aA19Sg0 0) Saxe) )i (SUuow ‘syeam ‘shep) auit) Jo pouad = uojssaiboud
o3 swn| (%001 Aq @seaudul *'8'1) 8|qNOP 0} YSd LNIas 8y} S0} SOXE) I (SYIUOW ‘syeam 'SABP) awil Jo pouad = aw Buiqnop vSd 'jons) auljleseq o} paiedwioo Aep/jans| YSd wnias Ul abueyo 9, = sjel
aAnESHANINW VS "HINVSd '[8A3] 8UI1aseq 8y 0) paiedwod awi) Jo poued UsAID e ISAC [8A8] YSd WNISs Ul 8SBaI0UI % = YJUOW/YSd Ul 8SL Jusdiad = y [S8INSESW JudLUIEal} 0} pojejel suoniuleq ,
-Buijiem |NJUOIEM = MM ‘luduIjesd) = Xy Adeisylolpel = | ¥ ‘Awoysieisold
|eo1pE. = gy xapul uaBoipue 83l = jy4 Jueayubis A|BoSIE)S JOU = SN 1BUOABYOS! = 4] 'SUOARHOS! Inoyim uleioid Aos paje|os| = ~dS| E_Eo._q >.0w pajeios = 4gi ‘eiseidiadAy oneysoid ublueg = Hdg .

6%0°0 4 Sy EEIN]
Zv00 St 9¢ [ 1oL

(05) |4 Ul 5E8129p Yum ustu U| Y

[4o0y] el 89 89i4
SN 144 84 el
anjeAd juswa)ddng 1cnuon 185UBD JUSLINO3aI ou g Jw/bu |0« (4 Bwi
VvSd Buisu yim usw pejeanun AjjeuowloH  Q0}) luswsiddns [eodjujoquiniy SHO9M 9 (L8—1G) 0L ‘28 18A0SS01D) 191
(seam) sawi Bulignop vsd .
Rieanoadsal ‘L0 PUB 200 =d
‘A0S pue 1eaym UaaMIaq SaN|eA ] /4 pue [Bjo) [eulq
y0'0¥€L0 010 600 Lo 1/4
L0 L0 90 90 LT
€9 [AVA A 8'q eoL
leutq leniu| |euly [eniuy
Rog 10Qu0D 1Y snoweud ou pue (4] Bw 21}) Aos 10
oy ofiapun o} panpaydg jeaym wolj peaig zeFshep gz TSFLL9'9L [eljeled 991
‘.‘Avmgmo_vc_ asImIBYIo SSajun ueaw uw/bu) sanjeA vSd uopduosap Jo Amqibije jusnedposiang uopuaAIs| cozmwsu (sJeah) obe adAy 1oy
Apmig ‘u ‘spoelang Apmig

(panupuosd) ‘| ajqel

¥



1128 MESSINA ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 89. NO. 4, 2006

levels increased approximately 16% in each group, and the
proportion of men with a PSA velocity greater than
1 ng/mL/year was 17.6 and 12.8% (p = 0.54) in the ISP-83 and
ISP-3 groups, respectively. There were no significant
differences in either measure between groups.

Finally, Jenkins et al. (159) combined several studies of
slightly differing design to examine the effects of
isoflavone-rich soy protcin on PSA in middle-aged men with
normal (2.4 ng/mL) PSA levels. Most of the total number
(n = 46) of subjects were studied for 3 to 4 weeks and
consumed daily a variety of soy products that provided
approximately 44 g soy protein and 116 mg isoflavones. This
diet was compared to a similar diet that contained the same
amount of total, but no soy, protein. There were no effects of
soy on PSA levels in men overall, nor in a subset (7 = 13) of
men who consumed for an additional 8 weeks either the
control diet or a diet containing approximately 14 g soy
protein that provided 42 mg isoflavones daily.

In conclusion, the results from the 3 previously discussed
studies indicate that neither isoflavones nor soy protein affect
PSA levels in healthy men with normal or moderately elevated
PSA levels. The duration of 2 (157, 159) of the 3 studies was
<6 weeks, but the largest study was conducted for
1 year (158). Thus, short duration is unlikely to be a factor in
the failure to observe effects on PSA. Furthermore, because
none of the trials found even a~trend toward statistically
significant results, larger subject numbers would almost
certainly not have altered the findings.

Effects of Isoflavones on PSA Levels in Men with
Prostate Cancer

Eight studies were identified that examined the effects of
soy protein or isolated isoflavones alone or in combination
with other biologically active components on PSA levels in
prostate cancer patients (Table 1). Of the 8 trials, 5 were open
label (results were compared to the - prestudy
values; 160~164), 2 employed a parallel design (165, 166),
and one, a crossover design (167). The dose of isoflavones
from supplements or soy protein ranged from 60 to 900
mg/day (in 5 trials, the dose was <120 mg/day); subject
number/group ranged from 8 (166) to 62 (162), and study
duration from 20 days (164) to 1 year (162).

Five trials used isoflavone supplements (160-162,
164, 167), 2 ISP (163, 165), and one, soy grits (a soy product
with approximately 50% protein that is similar to soy flour
except that the soybeans have been toasted and cracked into
coarse pieces rather than a fine powder; 166). In 4 trials, most
or all of the patients had failed conventional medical treatment
prior to study enrollment (160, 162, 163, 167). Four
studies (161, 162, 164, 165) found no statistically significant
effects on PSA; in 2 (160, 163), isoflavones slowed the rise in
PSA levels in comparison to the preintervention values, and in
2 others (166, 167) the change in a PSA-related measure was
statistically significantly different from the placebo or control
£roups.

Studies Not Showing Statistically Significant Effects

In the longest study and the one that used the highest dose
of isoflavones, deVere White et al. (162) administered
900 mg/day of isoflavones for 6 months to 52 cancer patients.
This dose of isoflavones is approximately 20-fold higher than
typical adult Japanese daily intake (14-19). Of the 52 men in
this study, all but 13 had failed conventional medical
treatment that included hormone treatment (HT; men were off
cycle), radical prostatectomy (RP), radiotherapy (RT), or a
combination of the latter 2. No differences between baseline
and final PSA levels or Gleason scores were noted in patients
belonging to any of these categories. However, in 8 of the
13 men who were in the watchful waiting period, there was a
decrease in PSA levels ranging from 3 to 61%; PSA levels on
average were 27% lower than otherwise predicted
(P = 0.026). The differing response between these men and
the patients previously treated for their cancer was not
attributed to differences in initial Gleason scores nor to
changes in free or total testosterone levels, as isoflavones did
not affect hormone status.

The possibility that isoflavones specifically affect men
undergoing active surveillance is not supported by the results
from a 12-week parallel study by Kumar et al. (165), which
failed to find differences in final total or free PSA values
between the isoflavone and placebo groups. Fifty-nine
patients with Gleason scores <6 who had no previous
treatment for their cancer completed the study. Despite the
lack of a statistically significant difference between the
2 groups overall, none of the control, but 19% of the ISP
group, experienced a 22 ng/mL decrease in PSA. However,
this suggests that PSA rose to a greater extent in some men
given ISP, because the overall means for the 2 groups did not
differ. In this study, serum-free testosterone was reduced or
showed no change in 61% of subjects in the isoflavone group
compared to 33% in the control group. Conversely,
serum-free testosterone increased in 67% of subjects in the
control, but in only 39% of the ISP group. However,
differences in free testosterone, free or total estradiol, and sex
hormone binding globulin between groups were not
statistically significant.

Another 12-week study also found no statistically
significant effects of isoflavones on PSA levels, although
there did appear to be a trend in that direction (161). In this
study, 20 men (mean age, 68.9 years) with stage B, C, or D
prostate cancer diagnosed on average 4.8 years before the start
of the study, were given 449 mg of isoflavones/day for the first
28 days and then, in all but one subject, the dose was increased
to 898 mg/day for the next 56 days. PSA levels remained
unchanged in the 7 subjects (baseline PSA <0.4 ng/mL) in
remission. However, the PSA multiplicative rate (see Table 1
for definition) for the other 13 subjects during Days 0-84 was
substantially, although not statistically significantly, lower
(0.28 vs 0.70%, P = 0.29) than the rate during Days 84-112,
when subjects were no longer consuming isoflavones. No
changes in levels of total or free testosterone, DHT, or
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luteinizing hormone were noted, but dehydroepiandrosterone
levels were significantly reduced (—31.7%, P = 0.0004).

Finally, in a short-term study by Jarred et al. (164), 20 men
with nonmetastatic prostate cancer with Gleason scores =5,
who were scheduled for RT were given 160 mg/day of
isoflavones (derived from red clover) prior to surgery. On
average, patients received isoflavones for 20 days (range,
7-54 days) but, at the end of this period, there were no
differences in PSA levels or Gleason scores between the
19 patients who finished the study and historically matched
controls. However, apoptosis in radical prostatectomy
specimens from isoflavone-treated patients in regions of low-
to moderate-grade cancer (Gleason grade 1-3) for the
epithelial cell compartment was significantly higher (1.74 vs
0.24%, P = 0.0003) than in the controls

Studies Showing Statistically Significant Effects

The first study to demonstrate a favorable effect on PSA
levels in prostate cancer patients compared the prestudy rise in
PSA levels to the rise in PSA levels following a median
exposure time of 5.5 months (range, 0.8 to 6 months) to
120 mg/day of isoflavones (160). Hussain et al. (160) enrolled
3 groups of patients, those undergoing watchful waiting
(Group 1, n = 4), those who had received RP or RT (Group II,
n = 18), and those who had received HT (Group I, n = 17)
after failing RP or RT or both. To quajify for enrollment, the
patient’s PSA had to increase on 3 successive occasions at
least 2 weeks apart, with an increasing trend of 210 ng/mL at
2 successive readings at least 2 weeks apart.

In Groups I, IT, and I11, 3 of 4 (75%), 15 of 18 (83%), and 6
of 17 (35%) had stable PSA values, respectively. (No further
data on Group I was presented.) The median number of days
of observation prior to the start of the study and of exposure to
isoflavones in Group I was 238 and 173, respectively. In this
group, the rate of percent PSA rise/month (see Table 1 for
definition) before and afer isoflavone supplementation was
reduced by more than half (14 £ 3 versus 6 + 3, P=0.21), but
the results were not statistically significant. In Group TiI, the
median number of days of observation prior to the start of the
study and of exposure to isoflavones was 121 and 133,
respectively. In this group, the percent PSA rise before and
after  isoflavone  supplementation was  statistically
significantly reduced by approximately 75% (31 + 5 versus 9
1 8, P=0.05). There were no effects of treatment on plasma
levels of te‘stosterone, insulin-like growth factor I (IGF-1),
msulin-like growth factor-binding protein-3 (IGFBP-3), or
IGF-1/IGFPB-3 ratio.

The next study by Spentzos et al. (163) involved 2 dietary
phases and included 20 patients, 6 of whom had previously
undergone RP and 14, RT. To be eligible for enrollment, PSA
values had to increase on 2 consecutive readings =1 week
apart and be greater than the post-RP or -RT nadir values, with
the second value being greater than the first. Also, for RP
patients PSA had to be >0.5 ng/mL and, for RT patients,
21.0 ng/mL. The median PSA prior to study start was
11.0 ng/mL. The Phase I diet (PID) was a low-fat diet
(approximately 20% kcal from fat) that also included

supplements of vitamin E and selenium, and the Phase 11
(PIID; n=17) diet consisted of the PID plus 33 g ISP-114. The
average followup period during PID and PIID was 3.9 and
5.4 months, respectively.

Among the 18 evaluable patients, median PSA doubling
time (PSAdT; see Table 1 for definition) on the PIID was 11.3
(25th and 75th percentile; 6.7, 39.5) months, approximately
50% longer than the PSAdT of 7.6 (5.3, 13.8) months on the
PID (P = 0.06). Similarly, the time to progression (see Table 1
for definition) on the PIID and the PID was 6.3 (4.4, o) and
34 (3.0, 9.7) months, respectively (P = 0.018). At the
conclusion of the PIID, there was an increase in IGF-1 levels
(P = 0.02 adjusted for changes in weight and IGFBP-3), but
no change in IGFBP-3, and a trend toward a decline in
testosterone levels.

In a short-term study by Dalais et al. (166), similar in
design to the trial by Jarred et al. (164) discussed previously,
approximately 20 days prior to surgery prostate cancer
patients consumed daily 4 slices of 1 of 3 kinds of bread:
wheat bread (control, n = 8), soy bread that provided 117 mg
isoflavones (n = 8), and a soy and flaxseed combination bread
(n=10). The percent change (—~12.5%) between the initial and
final (7.2 £ 3.2, 6.3 + 3.1) total PSA levels in the soy group
was significantly (P = 0.02) different from the percent change
(+22.4%) between the initial and final (5.8 £ 3.7, 7.1 £ 4.2)
PSA values for the control group. Percent changes in initial
and final free PSA levels in the control group did not differ
significantly from the percent changes in initial and final free
PSA levels in the soy group, but the percent increase in the
free:total PSA ratio in the soy group was significantly
(P = 0.01) different from the decrease in the control group.

Unexpectedly, there were no differences between the
soy/flax group and wheat groups, whereas the increase in the
free:total PSA ratio in the soy group was significantly
(P = 0.007) different from the decrease in the soy/flax group.
There were no significant differences among groups in levels
of testosterone, DHT, or sex hormone binding globulin
(SHBG), but the free androgen index of the soy group was
modestly, although statistically significantly (P = 0.04),
higher than the soy/flax group.

In the final investigation, men were given a cocktail of

. biologically active dietary components that included, in

addition to 100 mg isoflavones, carotenoids, a-tocopherol,
phytosterols, green tea extract, and selenium. Thus, the resuits
of this study by Kranse et al. (167) can not be ascribed
specifically to isoflavones. Eligibility inclusion criteria
included a confirmed rising PSA level >0.1 ng/mL and no
clinical evidence of recurrent prostate cancer after RP, RT, or
watchful waiting. Also, prior to entry, PSA levels of
>0.1 ng/mL had to be measured on >2 occasions at a >3-month
interval.

Thirty-seven patients with a median PSA value of
3.2 ng/mL were enrolled into the study; half consumed the
placebo for 6 weeks and half, the cocktail. After a 2-week
washout, men were switched to the opposite treatment.
Twenty-six of the men had previously undergone RP, 6 were
treated with RT, and 5 were managed by watchful waiting.
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The PSAAT increased from an average of 41 weeks during the
placebo period to 44 weeks during the cocktail period, but this
difference was not statistically significant.

When the analysis was restricted to the 21 of 32 men in
whom there was a decrease in the free androgen index, the
average PSAAT during the placebo and cocktail period was
36 and 115 weeks, respectively (P = 0.04). Similarly, among
these men, free PSAdT time was 45 weeks during the placebo,
which changed to a half-life of 12 weeks during the cocktail
(P=0.049). During the cocktail period, testosterone and DHT
levels decreased significantly, and there was a trend toward a
decrease in free androgen index.

Reports of Adverse Effects

The probability of adverse events occurring as a result of
treatment for any condition or disease is an important factor in
determining clinical utility. Generally, dietary approaches to
cancer prevention and treatment are considered less likely to
result in clinical toxicity than are pharmacological
approaches. In this regard, these PSA trials provide the
clearest picture to date on the possible adverse effects of
high-isoflavone consumption in men over an extended period
of time. Overall, the unequivocal conclusion is that
supplementation with isoflavones is safe over the short
(<12 month) term, as no studies reported clinically relevant
adverse events associated with isoflavone exposure.

The studies by Fischer et al. (161) and deVere White et
al. (162) are particularly noteworthy in this regard because
isoflavone intake was many-fold greater than in any previously
published study and, as already noted, approximately 10 to
20 times greater than the typical daily Japanese intake. In the
former study, extensive chemical and biological analyses were
conducted. More than 40 blood and urinary measures were
taken on 12 occasions over the 112 days of the study (161).
There was no evidence of toxicity and no adverse events 2
grade 1 were attributed to isoflavones.

These findings agree with those from Hussain et al. (160)
and deVere White et al. (162). deVere White ef al. (162)
measured alkaline phosphatase, aspartate aminotransferase,
total bilirubin, creatinine, cholesterol, and
y-glhutamyltransferase. In addition to history and physical
examination, assessments in the study by Hussain et al. (160),
included complete blood count with differential count, blood
chemistry profile (SMA-12), serum electrolytes, and
testosterone levels. Hussain et al. (160) did report a few
nonspecific grade 1-2 adverse events, but their relationship to
the study intervention was unclear and they appeared to be
related to preexisting comorbid conditions.

Finally, Urban et al. (157) reported a few cases of
constipation and diarrhea, but there were no differences
between men consuming the high- and low-isoflavone ISPs,
and Jarred et al. (164) noted a very small, but statistically
significant, decrease in hemoglobin levels in the
isoflavone-treated patients in comparison to the historically
matched controls, but no such effect was noted in the much
larger and longer trials by Fischer et al. (161) and
Hussain et al. (160).

Possible Mechanisms for the Effects on PSA Levels

As discussed previously, there are multiple hormonal and
nonhormonal mechanisms by which isoflavones can affect the
growth of prostate cancer cells. In the 4 studies that found
statistically significant effects on PSA, the cvidence that
hormonal changes may have contributed to the results is
unimpressive. The most persuasive cvidence in favor of a
hormonal effect comes from the study of Kranse et al. (167).
They found significant effects on PSA only among the men in
whom there was a decrease in the free androgen index.
Neither Hussain et al. (160) nor Spentzos et al. (163) found
effects on IGFBP-3 levels, and there was no change, and an
increase in IGF-1 levels (P = 0.02 adjusted for changes in
weight and IGFBP-3), in the former and latter studies,
respectively. IGF-1 is typically associated with cnhanced, not
decreased, cancer risk (168). However, Spentzos et al. (163)
noted a trend toward a decline in testosterone levels (P = 0.06,
adjusted for weight changes). In contrast, Dalais et al. (166)
observed no significant differences between the wheat bread
and soy bread groups in levels of testosterone, DHT, or SHBG.
The lack of effects on testosterone levels observed in these
trials in response to soy or isoflavones is consistent with a
large body of research involving healthy men (164, 166,
169-175).

Conclusions and Implications of Findings

The available evidence is not sufficient to establish the
efficacy of isoflavones for reducing PSA levels in prostate
cancer patients. However, the evidence is sufficiently
encouraging to justify considering conducting Phase Il and 111
clinical trials investigating the efficacy of soy isoflavones in
different populations of prostate cancer patients. Although
soy isoflavones did not lead to an absolute decrease in serum
PSA levels in any study, PSA velocity was decreased in
several. By decreasing the slope of the PSA rise and
prolonging the PSAdT, soy isoflavones may delay discase
progression and development of symptoms. These cffects are
particularly beneficial to hormone-refractory patients whose
only option at this time is cytotoxic chemotherapy that
provides only limited survival benefit and produces
considerable toxicity.

Given the results cited in this review, a randomized clinical
trial comparing the most efficacious chemotherapy to soy
isoflavones in patients with hormone refractory prostate
cancer, including quality of life and survival end points in
addition to serum PSA and other clinical disease response end
points, is warranted. An advantage to isoflavone use is that it
is not associated with any adverse effects. Furthermore, it may
be suitable as an adjunct for use with other approaches in
halting the progression of prostate cancer. Genistein has been
shown to enhance the ability of radiation to kill prostate
cancer cells in vitro (176) and to enhance the efficacy of a
number of different chemotherapeutic agents in different cell
lines (177, 178). Isoflavones may be useful in controlling
prostate cancer bone metastasis (179).
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Additionally, isoflavones may help to offset the bone loss
in prostate cancer patients receiving  hormonal
treatment (180, 181) because, in several trials involving
postmenopausal women, isotlavones reduced bone loss (3),
although no clinical trials have investigated the skeletal effects
of isoflavones in older men. Isoflavones may also be of use to
the large percentage of men who develop hot flashes after
orchiectomy/luteinizing hormone-releasing hormone
therapy (182, 183).

From the available studies, it is not possible to discem
information- about the optimal isoflavone dose for slowing or
halting prostate cancer progression. However, isoflavone
exposure in all 4 studies that reported statistically significant
effects on PSA levels was <120 mg/day. This isoflavone dose is
within the dietary range and is likely one that could be continued
indefinitely without substantial risk of adverse effects.

In regard to the findings in healthy men, the lack of effects
of isoflavones on PSA levels does not suggest that these
soybean constituents do not reduce prostate cancer risk. In
fact, as noted previously, intervention data demonstrate that, at
least among men with low initial levels, reducing prostate
cancer risk is not dependent upon reductions in PSA (156).
Conceivably, isoflavones prevent the development of prostate
cancer in ways that may not be reflected in PSA changes in
healthy men with normal PSA levels. Furthermore, because
many men will eventually develop latent prostate cancer,
taking isoflavones as a preventive measure for slowing the
progression of this condition may be worthwhile.

1deally, isoflavones should be consumed in the form of soy
foods, not only because their safety profile is better
established than supplements but because the protein itself
may offer some health advantages. However, it should be
acknowledged that obtaining isoflavones from soy foods in
amounts used in most of the clinical trials discussed in this
review represents a significant dietary challenge for
non-Asians. Thus, isoflavone supplements may be an
appropriate option.
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