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Synonyms: Differenol A 
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Prunetol 
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Genistin (CAS No. 529-59-9) 
5,4’ -Dihydroxy-7-glucosidoisoflavone 
Genistein Glucoside 

Daidzein (CAS No. 486-66-8) 
7-Hydroxy-3-(4-hydroxyphenyl)-4H- 1 -benzopyran-4-one 

Daidzin 
Daidzein Glucoside 

Molecular Wt.: 270.2 (Genistein) 

Structure: 
432.4 (Genistin) 
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EXECUTIVE SUMMARY 

The isoflavone genistein occurs naturally in soy 
beans [l] and some forage plants [e.g., 2,3] as the 
glucoside genistin. The latter has been identified in 
soy food products such as tofu and textured vegetable 
protein [MI; however, most of the isoflavone is 
unconjugated in fermented soy products such as miso 
[ 7 ] .  The other major isoflavones in soybean products 
are equol, daidzein, and daidzin. Epidemiological 

studies have shown an inverse association between 
hormone-dependent cancer incidence/mortality (e.g., 
breast and prostate) and a traditional soy-rich Asian 
diet [8-lo]. Individuals consuming this diet have 
7-1 10-fold higher plasma [ 111 and 30-fold higher 
urinary [ 12,131 genistein concentrations than indi- 
viduals consuming a typical Western diet [7]. A 
causal relationship is suggested by limited studies 
showing inhibition of carcinogenesis by dietary soy 
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products in chemical (MNU, DMBA)- [ 14-17] and 
radiation-induced [ 181 rat mammary models and in 
spontaneous rat 1191 and DES-induced mouse pros- 
tate models [ 191. Genistein itself has inhibited develop- 
ment of DMBA-induced mammary adenocarcinomas 
in neonatal and prepubertal rats. Conversely, a soy 
product from which the isoflavones had been ex- 
tracted had no effect on rat mammary carcinogenesis 

Epidemiological evidence for the protective effect 
of dietary soy is inconsistent for cancers in other 
organs, such as colorectum, lung and stomach [ 191. 
Results from preclinical efficacy studies using spe- 
cific soy products are also mixed, which may result 
from differences in isoflavone content as well as 
other potentially chemopreventive nutrients and non- 
nutrients. hclinical  studies with genistein in colon 
cancer models have also been inconsistent. In an NCI, 
Chemoprevention Branch-funded study in the AOM- 
induced rat, dietary genistein (250 ppm, or ca. 46.3 
pmoVkg-bw/day) increased the size and multiplicity 
of colon tumors (adenomas, adenocarcinomas). In 
contrast, lower doses of the isoflavone (75 and 150 
mg/kg diet, or ca. 13.8 and 27.8 pmolkg-bw/day) 
decreased formation of aberrant crypt foci, premalig- 
nant lesions in the same model. Finally, genistein 
inhibited skin tumor multiplicity and increased la- 
tency when administered topically during promotion 
in the two-stage DMJ3A/I'PA mouse model. Thus, 
target organ efficacy and toxicity may be dose de- 
pendent. 

Estrogen is generally considered to enhance hor- 
mone-related tumorigenesis, especially in the breast 
and endometrium [20]. However, in some situations, 
the potential chemopreventive efficacy of genistein 
appears to be related to its estrogenic effects. For 
example, prepubertal administration of estradiol, 
DES, or genistein decreases the formation of DMBA- 
induced rat mammary tumors, possibly by accelerat- 
ing differentiation of terminal end buds to lobules 
[21,22]. This is accompanied by estrogenic effects 
such as increased uterine and ovarian weights and 
mammary gland size, and mammary cell prolifera- 
tion (PCNA staining) [22]. At the cellular level, 
genistein competes with estradiol for binding to es- 
trogen receptors [23,24]; the complex translocates to 
the nucleus [25] and stimulates estrogen-related cel- 
lular events, although less effectively [3,26-281. In 
human estrogen receptor-positive MCF-7 breast can- 
cer cells in vitro, genistein stimulated both cell 
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growth and estrogen-dependent pS2 expression at 
low concentrations (10-8-10-5 M) [29]. Since the 
affinity of genistein to the estrogen receptor is in the 
same concentration range and proliferation was not 
observed in receptor-negative cells, this effect ap- 
pears to result from direct estrogenic activity. 

In contrast, genistein may have estrogen antago- 
nistic effects in other situations. Possible mecha- 
nisms include induction of sex hormone-binding 
globulin (SHBG), which regulates clearance and up- 
take of estrogen and testosterone [30], inhibition of 
aromatase [3 11 and 17P-hydroxysteroid oxidoreduc- 
tase activities [32], and impairment of the CNS or 
pituitary response to gonadotropins [33,34]. To illus- 
trate, Asian women consuming traditional high soy 
diets have lower circulating estrogen levels and 
longer menstrual cycles. In controlled studies with 
soy products, premenopausal women receiving 
genistein (primarily as genistin) and daidzin had 
shorter menstrual cycles, lower serum 17P-esmdiol 
levels, suppressed FSH and LH surges, and lower 
luteal phase prostaglandins. A longer follicular phase 
during which breast cell division is lower has been 
suggested as the mechanism by which soy products 
reduce cancer risk. In contrast, postmenopausal 
women receiving soy foods showed only estrogenic 
responsesincreased superficial cells in the vaginal 
epithelium and suppressed FSH surge [7,35]. This 
suggests that the effect of genistein depends on the 
hormonal milieu; in a setting of low endogenous 
estrogen (e.g., prepuberty, postmenopause), the weak 
phytoestrogen has estrogenic effects, and in a setting 
of higher estrogen (premenopause), it acts as an anti- 
estrogen. 

Both the epidemiologic data and the mechanism 
for prevention of prostate cancer are less clear. 
Genistein may generally decrease androgen levels 
through inhibition of 7P-hydroxysteroid oxidoreduc- 
tase, essential for synthesis of both androgens and 
estrogens, induction of SHBG, and impairment of the 
CNS or pituitary response to gonadotropins. More 
specifically, the agent inhibits 5a-reductase [36], 
which converts testosterone to 5a-dihydro- 
testosterone (DHT), the main prostatic androgen. 
Lower levels of markers of this enzyme's activity 
(3a,l7P-androstenediol glucuronide, androsterone 
glucuronide) have been reported in Japanese men 
[37], a group with lower risk for prostate cancer and 
higher urinary and plasma levels of genistein com- 
pared with Western populations. 
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Genistein may also have hormone-independent 
effects, depending on its concentration or the assay 
used. For example, higher (2.5 x lCrs-104 M) con- 
centrations of genistein inhibited growth of MCF-7 
cells even though pS2 was still expressed [291. The 
major competing estrogen-independent mechanism 
is inhibition of tyrosine-specific protein kinase activ- 
ity [3840]; this may in turn inhibit cell proliferation 
[41,42] and growth factor-stimulated responses 
(EGFR, IGF-I, PDGF) [38,43,44], oncogene expres- 
sion (ras, c-fos, c-jun) [45,46] or product activity 

duced angiogenesis [48], prostaglandin synthesis 
[49,50], DNA synthesis [51], ornithine decarboxy- 
lase activity [52], andimmune responses [53], as well 
as induce differentiation [54, 551. Other potentially 
chemopreventive activities which are estrogen-inde- 
pendent include inhibition of reactive oxygen species 
formation [56-581, topoisomerase activity [59], cy- 
tochrome P450 metabolism [60,61] and mutagenic- 
ity/clastogenicity of procarcinogens [61,62], as well 
as induction of cell cycle arrest [63,64] and apoptosis 
[65-671. Because of these activities and evidence of 
its apparent bioavailability on oral administration 
[ 1 1-13], genistein was considered by NCI for further 
development as a cancer chemopreventive and 
chemotherapeutic drug. 

The NCI, Chemoprevention Branch is now evalu- 
ating the preclinical toxicity of genistein preparatory 
to undertaking a Phase I clinical trial. Ninety-day 
preclinical toxicity tests with two purified soy isofla- 
vone products containing 90% genistein and 43% 
genistein in rats (ca. 0.03-0.9 mmol genistein/kg- 
bw/day) and dogs (ca. 0.02-0.3 mmol genistein/kg- 
bw/day) have been undertaken. The dog study was 
recently completed, and no clinical or histological 
signs of toxicity were observed. 

NCI, DCLTIC is no longer developing genistein as 
a cancer chemotherapeutic drug, but will cooperate 
with the Chemoprevention Branch in carrying out 
preclinical efficacy and toxicity testing. Based on the 
limited chemoprevention data cited above, the 
epidemiological data associating the high consump- 
tion of soy products with low incidences of hormone- 
dependent cancers, and in vifro data indicating 
growth inhibition of breast and prostate cancer cell 
lines [e.g., 41,68,69], the Chemoprevention Branch 
is initially focusing on these sites as targets for clini- 
cal drug development. After completion of the pre- 
clinical toxicity studies, the Chemoprevention 
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Branch will initiate a Phase I trial with a single-dose 
portion in normal volunteers and a multidose portion 
in normal volunteers and inoperable prostate cancer 
patients to evaluate safety and pharmacokmetics of 
two purified soy isoflavone products. Following suc- 
cessful completion of this study, the Chemopreven- 
tion Branch will consider short-term Phase I1 trials in 
presurgical DCISbreast cancer or prostate cancer 
patients. The Chemoprevention Branch may be able 
to initiate these studies before completing the Phase 
I trial, if sufficient human data are available from 
NCI, DCTDC studies. 

A Clinical Trials Agreement is in place with Pro- 
tein Technologies International (St. Louis, MO) for 
supply of two soy isoflavone products43% and 
90% genistein plus small amounts of other isofla- 
vones, fat and carbohydrates. Products with similar 
isoflavone profiles were used in the Chemopreven- 
tion Branch-funded animal toxicity studies. Stable 
formulations and placebos are being developed for 
clinical studies of the genistein. 

PRECLINICAL EFFICACY STUDIES 

One NCI, Chemoprevention Branch-funded 
chemopreventive efficacy study with genistein has 
been completed. In the AOM-induced rat, a dietary 
dose of 250 ppm (ca. 46.3 pmolkg-bw/day) had no 
effect on colon or small intestine tumor incidence 
(adenomas, invasive and noninvasive adenocarci- 
nomas), and significantly increased colon tumormul- 
tiplicity (primarily noninvasive adenocarcinomas) 
compared with controls [70]. 'Ihe higher dose group 
of 500 ppm (ca. 92.5 pmolkg-bw/day) was termi- 
nated early due to significant weight loss. 

Published data has shown inhibition of mammary 
gland tumorigenesis following administration of 
genistein to immature rats. Genistein at 5 mg sc (ca. 
1.9 mmolkg-bw) was given to female neonates on 
postpartum days two, four and six, followed by 
DMBA on day 50 [71]. Palpable tumor (primarily 
adenocarcinoma) latency increased (1 24 versus 87 
days in controls) and multiplicity decreased signifi- 
cantly by 42.2%; incidence decreased by only 12%. 
These effects appeared to be related to accelerated 
differentiation of mammary terminal end buds to 
lobules. Proliferation measured as PCNA staining 
was concomitantly decreased at all levels of develop- 
ment-terminal end buds, terminal ducts, and 
lobules-compared with DMSO controls. A reduc- 
tion in DMBA-DNA adducts in mammary gland 
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tissue has also been demonstrated [72]. 
A second study evaluated genistein as a chemopre- 

ventive agent in prepubertal female rats when given 
subcutaneously on postpartum days 16, 18, and 20 
[ 2 1 1. Following administration of 500 p e g - b w  (1.9 
mmol/kg-bw) on each of the three days, the multiplic- 
ity of tumors induced by DMBA on day 50 decreased 
by 47.3%, but no significant effects on incidence or 
latency were found. This chemopreventive effect was 
apparently a result of the estrogenic activity of 
genistein, since DES [73] and estrogen [74] produced 
similar results. Also, the isoflavone caused other 
estrogenic effects such as early sexual maturity (27 
versus 37 days), longer estrus cycles (five versus four 
days), and increased numbers of lobules in the mam- 
mary gland [21]. 

Based on preliminary data, genistein was not ef- 
fective in the MNU-induced rat mammary model. In 
a study described in an abstract, daily intraperioneal 
injections of 0.8 mg (ca. 9.9 pmol/kg-bw) were ad- 
ministered to rats beginning at 35 days of age; after 
180 days, the observed reductions in tumor incidence 
and multiplicity were not statistically significant 
( ~ 0 . 0 9 )  [75]. The tested dose was much lower than 
those found to be effective in immature rats given 
DMBA or the estimated dose from dietary soybean 
protein in the same model as discussed below [i.e., 
151. 

In a published report on the DMBA-induced/”PA- 
promoted mouse skin model, topically administered 
genistein (1 and 5 pmol, 2xlwk) significantly de- 
creased tumor multiplicity (36% and 46%, respec- 
tively) and increased latency (ca. 3 weeks) after 1-7 
weeks [76]. Although tumor incidence also de- 
creased, it was not statistically significant. 

Induction of differentiation and/or inhibition of 
growth using genistein have been demonstrated in 
viao invarious types of cancer cells, including rat and 
human prostate [77], and human melanoma [42], 
leukemia [55,78], neuroblastoma [79], and gastroin- 
testinal [66]. However, genistein (0.07- 0.28 m a g -  
bw/day, or 0.26-1 .O pmol/kg-bw/day) administered 
in vivo, in drinking water failed to inhibit the growth 
of rat prostate cancer MAT-Lylu cells subcutane- 
ously implanted into male rats [77]. Tumor weight 
reduction (9-26%) obtained with intraperitoneal ad- 
ministration of 0.14-0.43 mag-bw/day (0.5-1.6 
pmol/kg-bw/day) was not significant or dose depend- 
ent. 

A significant effort in the Chemoprevention 

Branch program is the identification and validation 
of intermediate biomarkers of carcinogenesis. In 
Chemoprevention Branch-funded studies, genistein 
at 75 and 150 m a g  diet (ca. 13.8 and 27.8 pmol/ 
kg-bw/day) inhibited the number of aberrant crypt 
foci (ACF), histological intermediate biomarkers in 
the AOM-induced rat model of colon carcinogenesis 
[80,81]. The numberof aberrant crypts/focus was not 
reduced. In contrast, dietary genistein (250 ppm, or 
ca. 46.3 pmolkg-bw/day) increased the size and 
multiplicity of colon tumors induced by AOM, as 
discussed previously [70]. 

Dietary soy bean products are a source of 
genistein. In published studies, soy products inhibited 
development of x-ray- [18], DMBA- [e.g., 14,15,17] 
and MNU-induced rat mammary tumors [e.g., 15, 
161. Studies using the standard model with MNU 
exposure at 50 days of age show chemopreventive 
effects of soy administered to either prepubertal or 
adult rats. With 20% soybean protein offered in the 
diet from 25 days of age, tumor multiplicity de- 
creased ca. 60% [15]. The genistein content of the 
diet was 231.8 pg/g diet (ca. 42.9 pmol/kg-bw/day); 
urinary excretion of the isoflavone was 420 pg com- 
pared to 0.1 pg in controls receiving AIN-76A diet. 
Alternatively, administration of soybean protein 
from 84 days of age reduced tumor incidence and 
total number ca. 50% and increased latency ca. 40% 
[ 161. However, addition of methionine equivalent to 
the casein-containing control diet, attenuated the ef- 
fects to 20% reduction in incidence and 28% increase 
in latency. 

Limited preclinical data from a spontaneous rat 
and a DES-induced mouse prostate model [ 191 sug- 
gest that dietary soy bean products inhibit the devel- 
opment of prostate cancer. Finally, in an intermediate 
biomarker study, dietary soy also prevented the de- 
velopment of “precancerous changes” in a neonatal 
estrogen-induced mouse prostate model of carcino- 
genesis; no experimental details were available [de- 
scribed in 131. It should be noted that none of these 
studies with soy products conclusively demonstrates 
that genistein is responsible for the cancer inhibitory 
effects observed. Besides isoflavones, other sub- 
stances in soy with chemopreventive potential in- 
clude polyphenols, protease inhibitors, phytosterols, 
saponins, and inositol hexaphosphate [82]. 

PRECLINICAL SAFETY STUDIES 
Safety: The limited toxicity information available 
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indicates that genistein is not highly toxic; adverse 
effects reported in animal studies included decreased 
food consumption and reduced body weight gain. 
Conflicting in vitro data on genotoxic effects exist; 
no lifetime bioassays have been performed to deter- 
mine genistein’s carcinogenicity. However, due to its 
estrogenic potential, significant reproductive effects 
in both ruminants and non-ruminants may result from 
genistein ingestion. Different responses to phytoes- 
trogens, including genistein, have been observed in 
several mouse strains; it is unclear if this also indi- 
cates a potential for different responses between spe- 
cies. 

In order to proceed with the Phase I studies of 
genistein, subchronic toxicity studies in two species 
must be performed. NCI, Chemoprevention Branch- 
funded 90-day studies in dogs with two purified soy 
isoflavone products have been completed-5,25 and 
70 mg/kg-bw/day of 90% genistein (0.02,O.m and 
0.3 mmol genistein/kg-bw/day) and 10,50 and 140 
mag-bw/day of 43% genistein (0.02,0.08 and 0.2 
mmol genistein/kg-bw/day). Following administra- 
tion in capsules to male and female Beagle dogs, no 
clinical or histological signs of toxicity were ob- 
served. Rat studies at doses of 10-250 m@g-bw/day 
of 90% genistein (0.04-0.9 mmolkg-bw/day) and 
20-500 mag-bw/day of 43% genistein (0.03-0.8 
mmol genistein/kg-bw/day) are in progress. 

In the Chemoprevention Branch-funded colon ef- 
ficacy study, AOM-treated male rats receiving 500 
ppm genistein in the diet (ca. 92.5 p.mol/kg-bw/day) 
exhibited 14% body weight loss after only two weeks, 
necessitating termination of this dose. However, rats 
at a lower dose of 250 ppm genistein (ca. 46.3 
pnol/kg-bw/day) with or without AOM showed no 
difference in body weight from the respective con- 
trols after 25 weeks into the 50-week study. In a 
published subchronic study, daily administration of 
45 mg (ca. 4.5 mmol/kg-bw/day) for four weeks to 
Swiss mice (both sexes) resulted in death (2/8) and 
significant depression of body and organ weight gain 
(testes, adrenals, kidneys and spleen), even after ad- 
justment for decreased food consumption [ 831. 

No carcinogenicity studies with genistein were 
found in the published literature. Although it induced 
DNA strand breaks in human cells in vitro [42,84], 
genistein was not mutagenic in the Ames Salmonella 
mutagenicity assay [ 85,861. Carcinogenicity bioas- 
says will probably be required before initiation of 
long-term clinical trials. 

The estrogenic effects of genistein were discov- 
ered following reports of reduced fertility, dystocia, 
and uterine prolapse in female sheep allowed to graze 
on subterranean clover (ca. 7 g or 26 mmol 
genistewday) [ 87,881. Pathological changes were 
evident in the urogenital tract of castrated male sheep. 
Estrogenic responses were also observed in female 
and castrated male guinea pigs fed clover [87] and in 
some strains of male and female mice [3, 
26,87,89,90] and female rats [71] fed genistein. A 
total of 5-20 mg of the isoflavone fed to immature 
mice (unspecified strain) over 4-6 days produced a 
dose-related increase in uterine weight of 100450% 
[3,26]; however, the potency relative to estrone was 
only 1/6,900 [3]. In contrast, absolute and relative 
uterine weights of CD-1 mice did not respond to 
intubation of a total of 8 mg genistein over four days; 
the response to DES was also less than with other 
strains of mice [90]. 

A 14-day study of the reproductive effects of 
genistein fed at 2, 10 and 15 mg/day to immature (18 
days old), spayed (60 days old) and intact (60 days 
old) female mice produced persistent vaginal comi- 
fication in aIl groups, plus precocious vaginal open- 
ing in immature mice (5.5 day versus 10.8 days in 
controls) [87]. After a portion of the intact females 
was continued on the high dose (15 mg/day or ca. 1.6 
mmol/kg-bw/day, 31-55 days), 80% (8/10) of the 
females mated with control males, but half termi- 
nated in pseudopregnancy or fetal resorption. A sec- 
ond mating produced small litters in all females, and 
the incidence of full-term stillborn pups increased. A 
more severe effect on fertility was observed in adult 
male mice fed the same dose of genistein despite a 
shorter exposure time (22-25 days). Half (5/10) the 
males did not mate, and only 2/5 of the matings 
produced offspring by normal females. 

Greater reproductive effects from genistein were 
observed in female rats treated neonatally (postpar- 
tum days two, four and six) than those treated closer 
to puberty (postpartum days 16,18 and 20). Follow- 
ing neonatal administration of genistein (0.5 mg/kg- 
bw, or 0.2 mmolkg-bw), 50-day old rats had 
significantly longer estrus cycles and reduced circu- 
lating progesterone, as well as fewer corpora lutea 
[71,91]. Administration of the same dose to prepu- 
bertal female rats resulted in slightly longer estrus 
cycles, but no effect on circulating progesterone or 
ovarian follicular development as in 50-day old rats 
[21,91]. Increased mammary cell proliferation meas- 
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ured by PCNA staining was observed in rats treated 
on days 23-29 [22], but not in rats treated on days 
16-20 when measured by BrdU staining [ 211. 

Effects of prenatal exposure on sexual differentia- 
tion were investigated by exposure of pregnant rats 
on gestation days 16-20 to 5,000 or 25,000 pg 
genistein/day sc, estradiol, or DES [92]. Genistein 
had no adverse effects on pregnancy, delivery or 
survival, although mean birth weights were signifi- 
cantly lower in the estradiol and high-dose genistein 
groups. In contrast, estradiol and DES significantly 
decreased perinatal survival. The mean anogenital 
distance was significantly shorter in the estradiol and 
low-dose genistein groups. Age at vaginal opening 
was significantly later only in the low-dose genistein; 
effects on estrus cycles were observed only in the 
DES group. This study illustrates the complex effects 
of genistein, which are not always related to estrogen. 

ADME: Only limited preclinical pharmacokinetic 
data are available on genistein. Unlike many fla- 
vonoids, genistein appears to be absorbed from the 
gastrointestinal tract of both ruminant and non-rumi- 
nant species after oral administration [e.g., 871. One 
study in rats has shown that only 9-17% of isofla- 
vones consumed in diets containing 20% soy protein 
appears in the urine [ 171. Although this suggests that 
only a fraction of isoflavonoids is absorbed, a study 
in rats with biliary cannulas demonstrated that 43% 
of duodenally administered genistein is recovered in 
the bile within four hours. Thus, genistein, in com- 
mon with other flavonoids, appears to be retained in 
enterohepatic circulation as a result of gastrointesti- 
nal absorption, conjugation in the liver, excretion in 
the bile, and deconjugation by microflora in the gut 
WI. 

Following a dose of 20 mg genisteinkg-bw (0.07 
mmol/kg-bw) in rats, the plasma concentration was 
11 pM after two hours [94]. A comparable dose of 
the glycone in soy extract produced a lower plasma 
level of 4.9 pM at two hours, but there were no 
significant differences at eight hours and later. This 
suggests that the extent of genistein and genistein 
absorption are similar. 

Following single genistein doses of 54 and 200 
mag-bw ig (0.2 and 0.7 mmol/kg-bw) to mice, the 
GX was 1 pgjml(3.7 pM) at 3-5 minutes; plasma 
levels decreased to 0.1-0.2 pdml (0.4-0.7 pM) by 
eight hours [95]. In dogs, the average plasma 
genistein concentration up to six hours after ig ad- 
ministration of 28 mg/kg-bw (0.1 pmol/kg-bw) was 

0.055 pg/ml(O.2 pM). 
Metabolites of genistein and genistin identified in 

rats have primarily been conjugates. Oral administra- 
tion of genistein resulted in eight urinary metabolites, 
three of which were identified as genistein 4’-O-sul- 
fate, genistein 7-O-P-~-glucuronide, and genistein 
4’-~-sulfate-7-O-~-~-glucuronide; the last conjugate 
is a major metabolite [96]. Biliary metabolites in- 
cluded the glucuronide and the sulfate/glucuronide 
conjugate. In contrast, sheep metabolize genistein to 
p-ethylphenol, a nonestrogenic metabolite [97]. 

In the NCI, Chemoprevention Branch-funded 90- 
day toxicity study in dogs, plasma genistein levels 
varied somewhat with the source. Following decon- 
jugation of plasma samples, concentrations of 
genistein were 0.17-0.39 pghnl(O.6-1.4 pM) indogs 
receiving 0.02, 0.09 and 0.3 mmol genistein/kg- 
bw/day as purified soy isoflavone product containing 
90% genistein and 7% daidzein and 0.24-0.83 pgml 
(0.9-3.1 pM) in dogs receiving 0.02, 0.08 and 0.2 
mmol genistein/kg-bw/day as the isoflavone product 
containing 43% genistein and 21 % daidzein. 

CLINICAL SAFETY: PHASE I STUDIES 
The protocol for an NCI, Chemoprevention 

Branch-sponsored Phase I trial of two purified soy 
isoflavone products containing 43% and 90% 
genistein is being finalized. The pharmacokinetics 
and safety will be investigated in normal volunteers 
in the single-dose and in the multidose pharmacoki- 
netic normal volunteers and Stage C and D prostate 
cancer patients. At this time, the available human 
safety and pharmacokinetics information is from 
epidemiological and controlled studies of dietary soy 
products. 

Drug Effect Measurement: No systematic studies 
of the effects of genistein on potential drug effect 
measurements were found. Possibilities include 
measures of estrogenic activity, such as FSH, LH, 
17P-estradiol, progesterone and SHBG levels, and 
vaginal cytology in premenopausal women [7,82,98], 
and LH and FSH levels and vaginal cytology in 
postmenopausal women [7,35]. In men, decreases in 
FSH, total cholesterol, and testosterone have been 
reported following intake of soy products or linseed 
[7]. Inhibition of tyrosine kinase may be relevant in 
some tissues [3840]. 

Safety: No human safety data are available specifi- 
cally for genistein. Because of the estrogenic re- 
sponses obtained with dietary soy products, 
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prolongation of menstrual cycles, suppression of the 
mid-cycle gonadotrophin, LH and FSH surges, delay 
in peak progesterone concentrations and changes in 
vaginal cytology would be expected [7,98]. It is un- 
known if more serious estrogen-agonistic or -antago- 
nist effects such as those attributed to tamoxifen 
would be observed, including thromboembolic dis- 
ease and endometrial proliferation/neoplasia. Some 
evidence suggests that Japanese women have a high 
prevalence of endometriosis [7]. Finally, in the pres- 
ence of advanced liver disease and/or insufficient 
metabolism of nonsteroidal estrogens, significant ac- 
cumulation of genistein might occur in plasma [S]. 

ADME: Genistin from dietary soy is metabolized 
to the aglycone genistein by gastrointestinal flora. 
Genistein appears to be absorbed in humans, since 
individuals on a traditional soy-rich Japanese diet 
have much higher plasma (7-1 10-fold) [ 1 13 and uri- 
nary genistein concentrations (30-fold) than indi- 
viduals consuming a Western diet [12,13]. For 
example, in one limited study, higher levels of 
genistein were detected in plasma of Japanese men 
who consume high amounts of soy products than in 
Finnish men who do not; the average concentration 
in Japanese men was 276 nM compared with 6.3 nM 
in the Finnish men [ll]. Irrespective of diet, most 
circulating genistein occurred as the glucuronide, 
which is considered to be biologically inactive [99]. 

Several short-term, controlled pharmacokinetics 
studies with soy products have found detectable 
plasma and urine genistein levels [100-102]. Single 
doses of 19.3, 36.2, and 55.7 mg genistein (ca. 1.1, 
2.1, and 3.3 pnolkg-bw) as soybeanmilk powder to 
individuals receiving a controlled liquid diet pro- 
duced plasma levels of 0.7, 1.1 and 2.1 w at 6.5 
hours, decreasing almost to zero at 24 hours [ 1001. 
Twenty-four hour urine recovery was ca. 5% at the 
lowest dose, increasing two-fold at the higher doses; 
very little was excreted in the feces. Preliminary 
results from a second study of soy milk administered 
twice within 26 hours suggest greater absorption, 
since 1540% of ingested genistein (dose unknown) 
was excreted as the glucuronide within 20 hours 
[loll. The urinary conjugates may include both 
monoglucuronides (53-76%) and diglucuronides 

Metabolism of genistein has been suggested by the 
appearance of dihydrogenistein in the urine of volun- 
teers receiving soy flour on two consecutive days (ca. 
2.1 pmol genistein/kg-bw/day) [ 1021. Although bac- 

(12-26%) [103]. 

teria metabolize genistein in the gastrointestinal tract 
of sheep, it is unknown if this is the source of the 
metabolite in humans. 

CLINICAL EFFICACY: PHASE II STUDIES 

After successful completion of the Phase I trial, 
NCI, Chemoprevention Branch will consider short- 
term Phase I1 trials in which genistein will be admin- 
istered during the period between diagnostic biopsy 
and definitive surgery in prostate or breast cancer 
patients. Intermediate biomarkers in prostate tissue 
would be evaluated as potential surrogate mdpoints 
for cancer. In women with mammograms suspicious 
for DCIS or early stage breast cancer, modulation of 
intermediate biomarkers in adenocarcinoma, DCIS 
and other premalignant lesions would be endpoints. 
Longer term Phase I1 trials on prevention of colon or 
prostate cancer may also be considered. No published 
reports of clinical trials with genistein were found. 

In Asian countries with lower risk for breast can- 
cer, women have lower circulating estrogen levels 
and longer menstrual cycles [7,98]. Consumption of 
soy products in controlled studies has shown effects 
on the hypothalamic-pituitary-gonadal axis to down- 
regulate ovarian estrogen synthesis [e.g., 7,98,104]. 
In one U.S. study, premenopausal women ingested 
soy milk with each meal for one month, resulting in 
daily genistein intake of ca. 200 mg isoflavones (ca. 
100 mg each genistein, mostly as genistin (ca. 3.7 
pmoVkg-bw/day), and daidzin) [98]. The average 
menstrual cycle during the same month increased 
from 28.3 to 31.8 days, increasing furtherto 32.7days 
one cycle after termination of dosing; however, these 
changes were not statistically significant. Serum 17p- 
estradiol levels on days 5-7, 12-14 and 2Cb22 de- 
creased significantly by 31%, 81% and 49%, 
respectively. These persisted two to three cycles after 
soy feeding. Luteal phase progesterone decreased 
35%, and DHEA sulfate decreased progressively by 
14-30%. Other studies have shown suppressed mid- 
cycle surges of FSH and LH [7]. These results pro- 
vide a biological basis for epidemiological 
observations that soy consumption is inversely re- 
lated to breast cancer risk. 

PHARMACODYNAMICS 
In human tumor celllines, inhibition of growth and 

induction of differentiation occurred at ICSOS of 540 
pM [19]. These levels are not achieved in Asian 
populations consuming soy-rich diets (0.3 pM) [ 1 I] 
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or in volunteers receiving single doses of 55.7 mg 
genistein (2.1 pM) [a]. From the limited data avail- 
able, mice also did not attain the required plasma 
levels; the Cmx after an oral dose of 200 mg 
genistein/kg-bw (0.7 mmol/kg-bw) was 1 pglml(3.7 
ph4) [95]. However, if inhibition of mammary and 
prostate cancer by soy products or genistein is the 
result of effects on the hypothalamic-pituitary-go- 
nadal axis, the required dose may be lower. In 
women given 200 mg conjugated isoflavones (ca. 
0.7 pmolkg-bw/day), serum estradiol and proges- 
terone decreased concomitantly with increased cy- 
cle length. 

In rats, approximately 60% of orally administered 
genistein is not absorbed, and much of the absorbed 
isoflavone may enter enterohepatic circulation. The 
lowest effective dose against ACF formation in rat 
colon was 13.8 pmol/kg-bw/day. The estimated total 
isoflavone intake from consumption of one soy en- 
tr&/day is 200 mg [82]; if two-thirds is assumed to 
be genistein [19], the daily human intake of this 
isoflavonoid would be 7 pmolkg-bw. Thus, oral 
intake of the effective genistein dose would appear to 
be safe in clinical prevention trials for colon cancer. 

PROPOSED STRATEGY FOR CLINICAL 
DEVELOPMENT 

Drug Effect Measurement Issues 

As noted above, no systematic studies pertinent to 
evaluating drug effects of genistein have been found. 
A likely potential measurement is inhibition of tyro- 
sine kinase [38,39,40]. 

Safety Issues 

Estrogenic and reproductive effects are major 
safety concerns for genistein and should be fully 
characterized in preclinical toxicity and clinical 
safety studies. Reclinical reproductive toxicity stud- 
ies may be undertaken early in clinical development 
of genistein. Possible species variations in endocri- 
nology should also be determined. 

Pharmacodynamics Issues 

Many of mechanisms shown for genistein in vifro 
require mg/ml or pg/ml plasma concentration levels, 
but even in Asian populations with traditional high- 
soy diets are only at ng/ml levels. The effects of 
genistein in vivo are complex and appear to vary with 

dose, the hormonal status of the individual, and pos- 
sibly species. Inhibition of mammary carcinogenesis 
in prepubertal rats was associated with persistent 
estrogenic effects, such as early sexual maturity, 
longer estrus cycles, and accelerated differentiation 
of terminal end buds to lobules. Since the latter is 
eventually correlated to decreased proliferation, it is 
assumed to be the mechanism for chemoprevention 
in immature female rats. Thus, in the setting of low 
endogenous estrogen, the estrogenic effects of 
genistein are observed. 

Chemopreventive efficacy has also been obtained 
in adult female rats with soybean protein containing 
genistein. Since epidemiological data show that 
Asian populations consuming soy products are at low 
breast cancer risk, the effect of genistein appears to 
be antagonistic in settings of higher estrogen. The 
mechanism may be an inhibitory effect on the hy- 
pothalamic-pituitary-gonadal axis demonstrated by 
prolongation of the menstrual cycle, specifically the 
follicular phase, and suppression of the LH and FSH 
mid-cycle surge. This is also seen in tamoxifen- 
treated breast cancer patients [e.g., 1041. However, it 
is unknown if the same mechanism is responsible for 
mammary chemoprevention in adult female rats; a 
species difference may exist. An alternate mecha- 
nism is down-regulation of estrogen receptor mFWA. 
In support of this, pretreatment of MCF-7 cells with 
genistein for six days produced an attenuated stimu- 
latory response to estradiol, concomitant with de- 
creased steady-state estrogen receptor mRNA levels 

In postmenopausal women, dietary soy induced 
few hormonal effects [82]. Only estrogenic responses 
have been reported, including increased numbers of 
superficial cells in the vaginal epithelium and sup- 
pressed FSH levels [7,35]. Genistein may not be an 
effective breast cancer chemopreventive in this 
population. 

At this point in time, the available chemopreven- 
tive efficacy, ADME, and toxicity data are insuffi- 
cient for evaluating the pharmacodynamics of 
genistein. In the preclinical studies planned and in 
progress, considerable effort will be devoted to deter- 
mining efficacious doses and tissue distribution of 
genistein, and in evaluating the safety margin in 
relation to doses causing unwanted estrogenic ef- 
fects. These effects are expected to be the most fre- 
quent toxicities associated with the isoflavone. 

~291. 
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Regulatory Issues 

tified for genistein. 

Supply and Formulation Issues 

Bulk purified soy isoflavone products containing 
approximately 43% and 90% genistein for the pre- 
clinical toxicity studies and the Phase I trial have been 
provided by Protein Technologies International (St. 
Louis, MO). The remaining drug substance consists 
of other isoflavones, fat and carbohydrates; no pro- 
teins, such as protease inhibitors, are present. The 
formulation for the clinical trial is under develop- 
ment. Stability studies on the final formulation will 
be completed before the Phase I trial begins. 

Intermediate Biomarkers 

Genistein has demonstrated modulation of histo- 
logical intermediate biomarkers in the Chemopre- 
vention Branch-funded rat AOM-induced ACF study 
and in published results on premalignant lesions in 
mouse prostate. Effects on a proliferation biomarker 
(PCNA) were also observed in the immature rat 
mammary gland. Since differentiation of tumor cells 
has been demonstrated in v i m ,  these types of bio- 
markers should also be evaluated in clinical trials. 
The biomarkers proposed for the breast cohort in- 
clude histological (DCIS number and grade, nuclear 
morphometry), proliferation (MIB- 1, ploidy, S- 
phase fraction, EGF), and genetic (c-erbB-2 expres- 
sion) [ 1061. Estrogen receptor status evaluation 
should also be considered. Biomarker endpoints in 
prostate cancer patients include PIN and grade, 
ploidy, TGFa, EGFR, and MIB-1. 

Clinical Studies Issues 

As described above, previous epidemiological and 
experimental studies (primarily with soy products) 
suggest breast and prostate as logical targets for 
cancer chemoprevention by genistein. Pending fa- 
vorable completion of preclinical toxicity studies and 
validation of analytical procedures to measure circu- 
lating genistein [105], the Phase I trial will be initi- 
ated. The Chemoprevention Branch is also 
considering short-term Phase I1 trials in presurgical 
breast and prostate cancer patients. The primary fo- 
cus would be intermediate biomarker modulation as 
well as correlation of these changes with genistein 
dose and plasma levels. Based on the efficacy ob- 
served in the rat AOM-induced ACF study, colon 

No specific regulatory issues have yet been iden- 
cancer may also be a target for longer-term Phase I1 
chemoprevention trials of genistein. 
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