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Overview
This section contains the following key information:
· Soy foods (e.g., soy milk, miso, tofu, and soy flour) contain phytochemicals that may have health benefits, including for cancer prevention, and, among these, soy isoflavones have been the focus of most of the research.
· Soy isoflavones are phytoestrogens. The major isoflavones in soybeans are genistein (the most abundant), daidzein, and glycitein.
· Genistein affects components of multiple growth and proliferation-related pathways in prostate cancer cells, including the COX-2/prostaglandin, epidermal growth factor (EGF), and insulin-like growth factor (IGF) pathways.
· Some preclinical studies have indicated that the combined effect of multiple isoflavones may be greater than that of a single isoflavone.
· Some animal studies have demonstrated prostate cancer prevention effects with soy and genistein; however, other animal studies have yielded conflicting results regarding beneficial effects of genistein on prostate cancer metastasis.
· Epidemiologic studies have generally found high consumption of nonfermented soy foods to be associated with a decreased risk of prostate cancer. 
· Limited human prevention studies have been conducted, and, so far, they have not yielded consistent or definitive findings.
· Treatment trials of various doses and preparations of soy isoflavones in men with prostate cancer have yielded varying results but have generally failed to demonstrate significant effects on prostate-specific antigen (PSA) levels.
· A few clinical trials of soy protein or whole soy products have provided preliminary evidence of the ability of soy and soy these products to modulate  intermediate endpoint biomarkers implicated in prostate carcinogenesis (lower steroid hormones, PSA levels pro-inflammatory cytokines and chemokines, proliferative biomarkers) in men with localized prostate cancer.
· To date, these early phase clinical trials with isoflavones,soy and soy products for prevention and treatment of prostate cancer have been limited to relatively short durations of intervention, sample sizes with low statistical power, targeting heterogeneous prostate cancer patient populations (in high risk, early and later stage disease) as well as varying doses of isoflavones, soy and soy products and have not demonstrated evidence of reducing prostate cancer progression. 
· Other trials evaluating the role of isoflavones, soy or soy products in reducing the management of androgen deprivation  therapy side-effects have found no improvement in side effects following isoflavone treatment, compared with placebo.
· 
· Isoflavones, soy and sSoy products are generally well tolerated in patients with prostate cancer. In clinical trials, the most commonly reported side effects were mild gastrointestinal symptoms.
General Information & History
Although records of soy use in China date back to the 11th century BC, it was not until the 18th century that the plant reached Europe and the United States. The soybean is an incredibly versatile plant: it can be processed into a variety of products including soy milk, miso, tofu, soy flour, and soy oil.[1]
Soy foods contain a number of phytochemicals that may have health benefits but isoflavones have garnered the most attention. Among the isoflavones found in soybeans, genistein is the most abundant and may have the most biological activity.[2] Other isoflavones found in soy include daidzein and glycitein.[3] Isoflavones help soybeans survive in times of stress and have antioxidant, antimicrobial, and antifungal properties.[4]
Isoflavones are quickly taken up by the gut and can be detected in plasma as soon as 30 minutes after the consumption of soy products. Studies suggest that maximum levels of isoflavone plasma concentration may be achieved by 6 hours after soy product consumption.[5] Isoflavones are phytoestrogens (they bind to estrogen receptors) with a greater binding affinity for estrogen receptor beta than for estrogen receptor alpha.[6]
Some studies suggest that soy may have health benefits, including decreasing risk of cardiovascular disease and cancer. A link between isoflavones and prostate cancer was first observed in epidemiological studies which demonstrated a lower risk of prostate cancer in populations consuming considerable amounts of dietary sources of soy. (Messina 2004 and Messina 2006). Subsequent studies evaluating the role of soy in experimental models further showed anticancer properties of soy, specifically  relevant to prostate carcinogenesis.  These early studies have led to a few clinical trials in humans using soy food products or supplements targeting men with varying stages of prostate cancer.  Although these studies showed modulation of intermediate endpoint or surrogate biomarkers of prostate cancer progression, the evidence relating soy or soy products have been mxed.  cancer was discovered in 1987 when it was shown that genistein inhibited a protein tyrosine kinase that is often overexpressed in cancer cells.[7] Subsequently, genistein was found to inhibit multiple protein tyrosine kinases relevant to cancer cell proliferation.[8] In addition, numerous studies have shown that prostate cancer incidence is very low in Asian countries, where diets tend to be high in soy.[9]
Preclinical/Animal Studies
In vitro studies
Individual isoflavones
A number of laboratory studies have examined ways in which soy components affect prostate cancer cells. In one study, human prostate cancer cells and normal prostate epithelial cells were treated with either an ethanol vehicle (carrier) or isoflavones. Treatment with genistein decreased COX-2 mRNA and protein levels in cancer cells and normal epithelial cells more than did treatment with the vehicle. In addition, cells treated with genistein exhibited reduced secretion of prostaglandin E2 (PGE2) and reduced mRNA levels of the prostaglandin receptors EP4 and FP, suggesting that genistein may exert chemopreventive effects by inhibiting the synthesis of prostaglandins, which promote inflammation.[10] In another study, human prostate cancer cells were treated with genistein or daidzein. The isoflavones were shown to down regulate growth factors involved in angiogenesis (e.g., EGF and IGF-1) and the interleukin-8 gene, which is associated with cancer progression. These findings suggest that genistein and daidzein may have chemopreventive properties.[11] Both genistein and daidzein have been shown to reduce the proliferation of LNCaP and PC-3 prostate cancer cells in vitro. However, during the 72 hours of incubation, only genistein provoked effects on the dynamic phenotype and decreased invasiveness in PC-3 cells. These results imply that invasive activity is at least partially dependent on membrane fluidity and that genistein may exert its antimetastatic effects by changing the mechanical properties of prostate cancer cells. No such effects were observed for daidzein at the same dose.[12]
Combinations of isoflavones
Some experiments have compared the effects of individual isoflavones with isoflavone combinations on prostate cancer cells. In one study, human prostate cancer cells were treated with a soy extract (containing genistin, daidzin, and glycitin), genistein, or daidzein. The soy extract induced cell cycle arrest and apoptosis in prostate cancer cells to a greater degree than did treatment with the individual isoflavones. Genistein and daidzein activated apoptosis in noncancerous benign prostatic hyperplasia (BPH) cells, but the soy extract had no effect on those cells. These findings suggested that products containing a combination of active compounds (e.g., whole foods) may be more effective in preventing cancer than individual compounds.[13] Similarly, in another study, prostate cancer cells were treated with genistein, biochanin A, quercetin, doublets of those compounds (e.g., genistein + quercetin), or with all three compounds. All of the treatments resulted in decreased cell proliferation, but the greatest reductions occurred using the combination of genistein, biochanin A, and quercetin. The triple combination treatment induced more apoptosis in prostate cancer cells than did individual or doublet compound treatments. These results indicate that combining phytoestrogens may increase the effectiveness of the individual compounds.[14]
At least one study has examined the combined effect of soy isoflavones and curcumin. Human prostate cancer cells were treated with isoflavones, curcumin, or a combination of the two. Curcumin and isoflavones in combination were more effective in lowering PSA levels and expression of the androgen receptor than were curcumin or the isoflavones individually.[15]
Animal studies
Animal models of prostate cancer have been used in studies investigating the effects of soy and isoflavones on the disease. Wild-type and transgenic adenocarcinoma of the mouse prostate (TRAMP) mice were fed control diets or diets containing genistein (250 mg genistein/kg chow). The TRAMP mice fed with genistein exhibited reduced cell proliferation in the prostate compared with TRAMP mice fed a control diet. The genistein-supplemented diet also reduced levels of ERK-1 and ERK-2 (proteins important in stimulating cell proliferation) as well as the growth factor receptors EGFR and IGF-1R in TRAMP mice, suggesting that down regulation of these proteins may be one mechanism by which genistein exerts chemopreventive effects.[16] In one study, following the appearance of spontaneous prostatic intraepithelial neoplasia lesions, TRAMP mice were fed control diets or diets supplemented with genistein (250 or 1,000 mg genistein/kg chow). Mice fed low-dose genistein exhibited more cancer cell metastasis and greater osteopontin expression than mice fed the control or the high-dose genistein diet. These results indicate that timing and dose of genistein treatment may affect prostate cancer outcomes and that genistein may exert biphasic control over prostate cancer.[17] In a study reported in 2008, athymic mice were implanted with human prostate cancer cells and fed a control or genistein-supplemented diet (100 or 250 mg genistein/kg chow). Mice that were fed genistein exhibited less cancer cell metastasis, but no change in primary tumor volume, than did mice fed a control diet. Furthermore, other data suggested that genistein inhibits metastasis by impairing cancer cell detachment.[18] In contrast, in a study reported in 2011, there were more metastases in secondary organs in genistein-treated mice than in vehicle-treated mice. In this latter study, mice were implanted with human prostate cancer xenografts and treated daily with genistein dissolved in peanut oil (80 mg genistein/kg body weight/day or 400 mg genistein/kg body weight/d) or peanut oil vehicle by gavage. In addition, there was a reduction in tumor cell apoptosis in the genistein-treated mice compared with the vehicle-treated mice. These findings suggest that genistein may stimulate metastasis in an animal model of advanced prostate cancer.[19]
Radiation therapy is commonly used in prostate cancer, but, despite this treatment, disease recurrence is common. Therefore, combining radiation with additional therapies may provide longer-lasting results. In one study, human prostate cancer cells were treated with soy isoflavones and/or radiation. Cells that were treated with both isoflavones and radiation exhibited greater decreases in cell survival and greater expression of proapoptotic molecules than cells treated with isoflavones or radiation only. Nude mice were implanted with prostate cancer cells and treated by gavage with genistein (21.5 mg/kg body weight/d), mixed isoflavones (50 mg/kg body weight/d; contained 43% genistein, 21% daidzein, and 2% glycitein) and/or radiation. Mixed isoflavones were more effective than genistein in inhibiting prostate tumor growth, and combining isoflavones with radiation resulted in the largest inhibition of tumor growth. In addition, mice given soy isoflavones in combination with radiation did not exhibit lymph node metastasis, which was seen previously in other experiments combining genistein with radiation. These preclinical findings suggest that mixed isoflavones may increase the efficacy of radiation therapy for prostate cancer.[20]
Human Studies
· Numerous Human studies evaluating isoflavones and soy for prevention and treatment of prostate cancer have included epidemiological studies and early phase trials.  Several Phase I-II randomized clinical studies have been conducted examining the impact of isoflavones as well as soy product use to examine the bioavailability, safety as well as effectiveness on indicators of the effectiveness of on prostate cancer prevention or treatment.  To date, these studies have included a wide range of subject populations including high risk men, prostate cancer patient populations (localized and later stage disease), varying doses of isoflavones, soy and soy products, limited to relatively short durations of observation/intervention and sample sizes with low statistical power.  approaches. 
These studies have included a wide range of participants (from healthy control subjects to prostate cancer patients at various stages of the disease) and have used a number of different interventions such as soy supplements, beverages, and breads.
Epidemiologic studies
In 201809, a meta-analysis of studies that investigated soy food consumption and risk of prostate cancer was reported. The results of this meta-analysis suggested that total soy foods, intake of isoflavones (genistein, diadzein) as well as high consumption of nonfermented soy foods (e.g., tofu and soybean milk) wasmay significantly associated to decrease in the risk of prostate cancer. Fermented soy food intake, total isoflavone intake and circulating isoflavones were ot associated with a reduced risk of prostate cancer. No association was found between high consumption of fermented soy foods (e.g., miso) and prostate cancer risk.[21, 22,23,44 ] An updated 2013 meta-analysis confirmed the good safety profile of isoflavones but indicated no significant differences between treated and control groups for PSA levels or sex steroid endpoints (sex hormone-binding globulin, testosterone, free testosterone, estradiol, and dihydrotestosterone).[22] One study assessed urinary concentrations of phytoestrogens in healthy Jamaican men and men newly diagnosed with prostate cancer. There were no differences in urinary concentrations of the isoflavones genistein and daidzein between healthy men and prostate cancer patients. Men who produced equol (a metabolite of daidzein) were at a lower risk of prostate cancer than men who were nonproducers.[23]However, these data from population studies must be interpreted with caution as the studies relied on self reported data obtained using varying forms of dietary data collection instruments with recall bias in addition to varying forms of individual or multiple isoflavones, soy supplements and soy foods. Additioanlly,these studies failed to account for other confounding genetic or behavioral variables that may affect the risk of prostate cancer. 
Prevention studies:

Very few randomized, placebo controlled trials have been completed to evaluate the effect of isoflavones or soy in preventing prostate cancer progression. (Table__). The studies targeted men with negative prostate biopsies with elevated serum PSA (2.5-10 mcg/ml at baseline). The duration of intervention was between 6 months[15] to 1 year[26-27], with varying formulations of isoflavones derived from soy [15,26] and red clover[27]. Although 2 of the 3 trials demonstrated a significant eduction in serum PSA, they failed to demonstrate any reduction in PCa progression [15,27]. In a single trial that showed no significant changes in serum PSA with intervention with isoflavones, demonstrated a reduction in prostate cancer progression at 1 year in a subgroup of men >65 years of age. Other than mild to moderate adverse events, no treatment-related toxicities were observed in all 3 trials.
Table __:  Randomized, placebo-controlled trials of isoflavones or soy in men with negative prostate biopsy and elevated serum PSA:
	Soy/Isoflavone dose/day
	Duration of Intervention
	Target population (n)
	Biomarkers of PCa risk assessed 
	Outcomes: Treatment-related change in PCa risk or Intermediate endpoint biomarkers of PCa Risk

	Soy isoflavones (40 mg; comprising 66% daidzein, 24% glycitin, and 10% genistin) and curcumin (100 mg) vs. placebo /day[15]
	6 months
	Men with -ve Prostate biopsy and elevated PSA max 10mcg/ml (n=85)
	Serum PSA
	Decrease in Serum PSA (P<0.05)

	60 mgs isoflavone extract from red clover/day.[27]
	12 months
	Men with -ve Prostate biopsy and elevated PSA max 10mcg/ml(n=20)
	Serum PSA ,Prostate volume ,Steroid hormones, Liver function, Prostate symptom score, Sexual function, toxicities
	Decrease in Serum PSA (P<0.05) 

	60 mgs isoflavones/day [26]
	12 months
	Men with -ve Prostate biopsy and elevated PSA max 10mcg/ml(n=158)
	Serum PSA, PCa incidence,Toxicity, age-related reduction in PCa progression, equol vs.non-equol producers
	Decrease in PCa incidence in men >65 years with isoflavones (P<0.05)


In one study, Japanese men who had undergone prostate biopsy, but who did not have cancer, were randomly assigned to receive a supplement containing soy isoflavones (40 mg; comprising 66% daidzein, 24% glycitin, and 10% genistin) and curcumin (100 mg) or a placebo for 6 months. Overall, there were no differences in PSA levels between the placebo and the treatment groups. However, when subjects were subdivided according to baseline PSA level, patients with a higher baseline PSA level (PSA ≥10 ng/mL) who received supplements exhibited statistically significantly larger decreases in PSA than did patients in the placebo group (P = .02).[15]
Although soy is a standard part of many Asian diets, it is less common in Western diets. Therefore, feasibility studies were undertaken to investigate whether Western participants would adhere to soy-supplementation interventions. In one study, healthy men were randomly assigned to consume a low-soy (usual diet) or high-soy (soy servings bid) diet for 3 months. Following a 1-month washout period, the men crossed over to the other treatment. Reductions approaching statistical significance were seen in PSA levels following the high-soy diet. These findings suggest that this type of soy intervention study is feasible (i.e., the participants complied with dietary instructions) and that soy may be a potential chemopreventive agent.[24]
In one study, men at risk of prostate cancer or with low-grade prostate cancer received one of three types of protein isolate (soy protein, alcohol-washed soy protein [a common method of producing soy protein concentrate that results in some loss of isoflavones], or milk protein) for 6 months. The isoflavone content of the interventions was 107±5.0 mg/d for soy protein isolate (containing 53% genistein, 35% daidzein, and 11% glycitein), <6±0.7 mg/d for alcohol-washed soy protein (containing 57% genistein, 20% daidzein, and 23% glycitein), and 0 mg/day for milk protein. Soy protein consumption did not alter prostate tissue biomarkers, alcohol-washed soy protein exerted mixed effects, and less prostate cancer was detected after 6 months in men who had consumed soy proteins compared with men who consumed milk protein.[25]
Japanese men who had serum PSA levels between 2.5 ng/mL and 10 ng/mL and a previous negative biopsy within 12 months were randomly assigned to receive either oral isoflavone (60 mg/d) or placebo for 12 months.[26] One hundred fifty-eight men were enrolled with a median age of 66 years. There were no differences in PSA values or in incidence of biopsy-detectable prostate cancer before and after treatment in the isoflavone or placebo groups. In a subset analysis of the 53 men older than 65 years, 7 of 25 men in the isoflavone group developed prostate cancer, compared with 16 of 28 men in the placebo group (P = .031).
Other plants also contain some of the same isoflavones found in soy. In one study, patients with elevated PSA levels but negative prostate biopsy specimens received a daily isoflavone preparation extracted from red clover (60 mg/d; which contained the isoflavones genistein, daidzein, formononetin, and biochanin A) and were followed up for 1 year. After 12 months of treatment, there was a significant reduction in PSA levels (P = .019) and a nonsignificant decrease in prostate volume (P = .097). In addition, the isoflavone intervention was well tolerated by the patients and did not cause side effects.[27]
Treatment of prostate cancer
Isoflavones:  
Clinical trials of isoflavones as well as soy supplements and soy products (Tables shown below) evaluated to treat localized prostate cancer prior to radical prostatectectomy have utilized a “window of opportunity” trial designs (from biopsy to prostatectomy), have primarily focused on evaluating serum and tissue biomarkers implicated in prostate carcinogenesis, bioavailability in plasma and prostate tissue as well as toxicity at various doses. Although these trials inform design of well-powered clinical trials in the future, they provide no meaningful data to inform clinical practice.
Table __:  Randomized, placebo-controlled trials of isoflavones in men with localized prostate cancer prior to prostatectomy:
	Isoflavone dose/day

	Duration of Intervention

	Target population (n)

	Toxicities
Biomarkers of PCa progression assessed 

	Outcomes: Treatment-related change in PCa progression or Intermediate endpoint biomarkers implicated in prostate carcinogenesis

	30 mg genistein daily [32]
	3-6weeks
	Localized PCa prior to prostatectomy. (n=54)

	Serum PSA, Tumor tissue PSA, Total cholesterol, plasma genistein, thyroid ,sex hormones and toxicities. 
	Decrease in Serum PSA (P<0.05), Total cholesterol (P<0.01), Increase in plasma genistein (P<0.001)
Adverse events were few and mild.

	Soy isoflavone capsules (total isoflavones, 80 mg/d /day.[33]
	6 weeks
	Localized PCa prior to prostatectomy (n=86)
	Serum PSA , serum-free and total testosterone, total cholesterol, 12 genes involved in cell cycle control,  9 genes involved in apoptosis.  
	12 genes involved in cell cycle control and the 9 genes involved in apoptosis were down regulated in the tumor tissues of the isoflavone-treated men.

	Isoflavones tablets (60 mg/d) [34,35]
	4-12 weeks
	Localized PCa prior to prostatectomy (n=60)
	Plasma isoflavones Serum-free testosterone, estradiol,SHBG and estrone, Correlation between plasma concentrations of isoflavones with changes in serum PSA with treatment , compared with the placebo arm.
	Increase in plasma isoflavones (P <0.001) in the isoflavone-treated group vs.placebo. 
Greater concentrations of plasma isoflavones daidzein (P = 0.02) and genistein (P =0 .01 were inversely correlated with changes in serum PSA.

	Isoflavones capsules- 40, 60, or 80 mg of isoflavones or control arm [34,36]

	27-33 days
	Localized PCa prior to prostatectomy (n=45)
	Plasma isoflavones Serum-free testosterone, estradiol,SHBG and estrone, Tumor proliferation (Ki-67)
	Increased plasma isoflavones at all doses, Increased serum total estradiol in the 40 mg (P=0.02) isoflavone-treated arm vs,placebo. Increased serum-free testosterone in the 60 mg isoflavone-treated arm (P=0.003). 


	Cholecalciferol (Vitamin D3)+200,000 IU+ genistein (G2535)600 mgs/day or placebo agents[45]
	21-28 days 
	Localized PCa prior to prostatectomy (n=15)
	Serum and prostate tissue Vitamin D and Genistein,AR expression, TUNEL
Toxicities
	Increased AR expression (p<0.05)
Increased TUNEL staining (P=0.1 in prostate tissue treated with Vitamin D+ genistein vs. placebo.



In a study reported in 2010, patients with rising PSA levels who had been treated with radiation as the primary treatment for prostate cancer drank a soy beverage daily (providing approximately 65-90 mg isoflavones) for 6 months. The results showed that the soy beverage was well-tolerated and was associated with an increase in PSA doubling time. These findings suggested that drinking the soy beverage may have helped to slow the progression of prostate cancer.[28]
In one small (n = 20), open-label study, patients with rising PSA levels following previous therapy consumed soy milk three times a day (isoflavonoid, 141 mg/d) for 12 months. The results showed that drinking soy milk was associated with a greater than 50% decline in PSA level in one patient and decreases in the rate of rise in serum PSA in 14 patients.[29]
In another study, prostate cancer patients received genistein-rich supplements (genistein, 450 mg/d, plus other aglycone isoflavones, 450 mg/d) for 6 months. The majority of patients who were undergoing active surveillance exhibited either no rise in PSA level or a decline of less than 50%.[30] In a similar study, prostate cancer patients undergoing active surveillance were randomly assigned to receive a placebo or an isoflavone supplement containing high doses of genistein and daidzein (450 mg genistein, 300 mg daidzein, and other isoflavones) for 6 months. Then, for an additional 6 months, all participants received the isoflavone supplement. Although treatment with the supplements raised serum concentration levels of genistein and daidzein, there was no effect on PSA levels.[31]
In a study reported in 2011, prostate cancer patients scheduled for radical prostatectomy were randomly assigned to receive a placebo or 30 mg genistein daily for 3 to 6 weeks before surgery. Among the patients who received genistein, serum PSA levels decreased by 7.8%, whereas serum PSA levels increased by 4.4% in patients who received the placebo; this difference approached statistical significance (P = .051). In addition, the genistein intervention resulted in significantly lower levels of total cholesterol compared with placebo treatment (P = .013).[32] 
Another group, however, conducted a randomized placebo-controlled trial to examine the effect of soy isoflavone capsules (total isoflavones, 80 mg/d) on localized prostate cancer in 86 men who took the capsules for up to 6 weeks before prostatectomy.[33] Changes in serum-free and total testosterone, PSA, and total cholesterol were not different between the two groups. The investigators noted that the 12 genes involved in cell cycle control and the 9 genes involved in apoptosis were down regulated in the tumor tissues of the isoflavone-treated men, compared with the controls.
In a phase II, randomized, double-blind, placebo-controlled trial [34, 35] of men with localized prostate cancer (Gleason score 2–6) who were administered isoflavones (80 mg/d) or a placebo, significant increases in plasma isoflavones (P ≤ .001) were observed from baseline to 4 and 12 weeks in the isoflavone-treated group compared with placebo. Although greater mean reduction of serum-free testosterone was observed in men in the isoflavone-treated group than in men in the placebo group, these changes were not statistically significant for this duration of intervention (P = 0.3). Increasing concentrations of plasma isoflavones daidzein (P = .02) and genistein (P = .01) in the isoflavone-treated group were inversely correlated with changes in serum PSA, compared with the placebo arm. 
In a second phase II, multidose, randomized placebo-controlled trial,[34, 36] 45 men with localized prostate cancer received supplements with either 40, 60, or 80 mg of purified isoflavones or no supplement from the time of biopsy to prostatectomy. Significant increases in plasma isoflavones were observed with all isoflavone doses, compared with placebo, and significant increases in serum total estradiol were observed in the 40 mg and 60 mg isoflavone-treated arms. However, significant increases in serum-free testosterone were observed in the 60 mg isoflavone-treated arm. Compared with the control group and other treatment arms, the 40 mg isoflavone-treated arm had the lowest percentage of cells expressing Ki-67, although this was not statistically significant for this sample size and duration of intervention. This study concluded that 40 mg of isoflavones may be the best dose to use in a future definitive, larger phase II clinical trial to evaluate purified isoflavones in prostate carcinogenesis.
Soy protein or whole soy products:
Table __:  Randomized, placebo-controlled trials of soy and soy products in men with localized prostate cancer prior to prostatectomy:
	Soy or soy products (dose/day)

	Duration of Intervention

	Target population (n)

	Toxicities
Biomarkers of PCa progression assessed 

	Outcomes: Treatment-related change in PCa progression or Intermediate endpoint biomarkers implicated in prostate carcinogenesis

	Soy supplement with 60 mg isoflavone  vs. placebo supplement [37]
	12 weeks
	Localized PCa prior to prostatectomy. (n=60)

	Serum PSA, steroid hormone (Free testosterone, estrone, estradiol, SHBG) and toxicities. 
	No significant findings
Adverse events included GI  side effects.

	Soy supplements (three 27.2 mg tablets/d; each tablet contained 10.6 mg genistein, 13.3 mg daidzein, and 3.2 mg glycitein) or a placebo [38]
	2 weeks before surgery
	Localized PCa prior to prostatectomy (n=19)
	Serum and prostate tissue concenteration of isoflavones
	Higher isoflavone concentration (x6) in tissue than in serum following treatment with the soy supplements.

	Soy (high phytoestrogen), soy and linseed (high phytoestrogen), or wheat (low phytoestrogen) [39]
	8 weeks- 12 weeks(?)
	Localized PCa prior to prostatectomy (n=29)
	Total and freePSA, testosterone, sex hormone-binding globulin, free androgen index, and dihydrotestosterone
	Reduction in total PSA (P = 0.02) ;Percentage of change in free/total PSA ratio (P = 0.01); Percentage of change in free androgen index (P = 0.04) 

	Soy isoflavone supplement (providing isoflavones, 81.6 mg/d) or placebo [10]
	2 weeks before surgery (Pilot)
	PCa prior to prostatectomy (n=25)
Gleason 6-9)
	COX-2 mRNA levels , p21 mRNA levels  in prostatectomy 
	Decrease in COX-2 mRNA levels (P < .01) Increases in p21 mRNA levels (P < .01) in prostatectomy specimens obtained from the soy-supplemented group compared to placebo group.



In one study, early-stage prostate cancer patients were randomly assigned to receive a soy protein supplement (isoflavones, 60 mg/d) or a placebo daily for 12 weeks. Patients who received the soy protein supplement exhibited larger decreases in total serum PSA and free testosterone than did patients who received the placebo, but these differences were not statistically significant.[37]
Whole soy products
Clinical studies have been conducted in prostate cancer patients to test soy as a possible treatment for prostate cancer. In one study, prostate cancer patients scheduled to undergo radical prostatectomy were randomly assigned to receive soy supplements (three 27.2 mg tablets/d; each tablet contained 10.6 mg genistein, 13.3 mg daidzein, and 3.2 mg glycitein) or a placebo for 2 weeks before surgery. The isoflavone concentration in prostatic tissue was sixfold higher than in serum following treatment with the soy supplements, suggesting that the prostate may accumulate potentially anticarcinogenic levels of isoflavones.[38] In another study, prostate cancer patients scheduled for radical prostatectomy were instructed to eat bread containing high levels of phytoestrogens (soy or soy + linseed; isoflavones, 117 mg/d) or low levels of phytoestrogens (wheat bread) until surgery. Patients who ate the high-phytoestrogen bread saw more favorable changes in PSA levels than did patients who ate the wheat bread, indicating that diets rich in phytoestrogens may help to reduce risk of prostate cancer development and progression.[39]
In a small study, ten men with prostate cancer recurrence were advised to consume three 8-ounce glasses of soy milk every day for 2 years. Clinical benefits (i.e., decreased, attenuated, or stabilized PSA) were observed in five of the ten participants, suggesting that soy products may have positive effects in some prostate cancer patients.[40]
Isoflavones and soy products in biochemical recurrence post treatment for  Prostate cancer:
Other studies have examined the role of isoflavones and soy products in prostate cancer patients with biochemical recurrence post treatment for prostate cancer. However, as shown in the table below, these early phase studies have not demonstrated any significant changes in serum PSA or PSA doubling time [28,29,31,46,47] with one study suggesting modulation of systemic soluble and cellular biomarkers consistent with limiting inflammation and suppression od MDSCs [47].
Table __:Clinical trials of soy and soy products in men with biochemical recurrence post treatment for prostate cancer:
	Isoflavones/ Soy or soy products (dose/day)

	Duration of Intervention

	Target population (n)

	Toxicities
Biomarkers of PCa progression assessed 

	Outcomes: Treatment-related change in PCa progression or intermediate endpoint biomarkers implicated in prostate carcinogenesis

	Soy beverage daily (providing approximately 65-90 mg isoflavones)[28] (Non-radomized)
	6 months
	Rising PSA s/p radiation for PCa dx (n=34)

	PSA, PSA doubling time and toxicities. 
	No statistically significant findings
Adverse events included minor GI  side effects.

	Soy milk three times a day (isoflavones, 141 mg/d) (open-label study) [29]
	12 months
	Rising PSA s/p  treatment for PCa (n=20)
	Serum PSA
	No statistically significant findings


	Supplement containing 450 mg genistein, 300 mg daidzein, and other isoflavones/day vs. placebo followed by open label  [31]
	6 months iintervention followed by 6 months open label.
	Active surveillance (n=59)
	PSA, serum isoflavones
	Significant increased in serum genistein and daidzein.
No other significant findings.


	Beverage Powder containing soy protein isolate(20 grams protein) or Calcium Caseinate [46]
	2 years
	Biochemical recurrence s/p radical prostatectomy (n=177)
	PSA
	No significant findings.


	2 slices Soy bread containing 34 mgs isoflavones/slice or 68 mgs/day) or soybreast containing almond powder.[47]
	56 days
	Biochemical recurrence s/p radical prostatectomy (n=32)
	Cytokines, chemokines
	Reduced TH1 (P = 0.028) and myeloid-derived suppressor cell (MDSC)-associated cytokines (P = 0.035). Increased CD56(+) natural killer (NK) cells (P = 0.038). Decreased  percentage of cells with a T regulatory cell phenotype (CD4(+)CD25(+)FoxP3(+)) (P = 0.0136). Decreased monocytic (CD33(+)HLADR(neg)CD14(+)) MDSC (P = 0.0056).




Management of Androgen deprivation hormone therapy side-effects
Androgen deprivation therapy is commonly used for locally advanced and metastatic prostate cancer. However, this treatment is associated with a number of adverse side effects including sexual dysfunction, decreased quality of life, and changes in cognition. Two studies have examined men undergoing androgen deprivation therapy who were randomly assigned to receive a placebo or an isoflavone supplement (soy protein powder mixed with beverages; isoflavones, 160 mg/d) for 12 weeks. Neither study found an improvement in side effects following isoflavone treatment, compared with placebo treatment.[41, 42]
Effects on inflammatory parameters
In a study of men undergoing androgen deprivation therapy, participants were randomly assigned to receive high-dose isoflavone supplements (providing total isoflavones, 160 mg/d and containing 64 mg genistein, 63 mg daidzein, and 34 mg glycitein) or a placebo for 12 weeks. The results showed no difference between the two groups in PSA levels or in levels of metabolic and inflammatory parameters (e.g., glucose, interleukin-6).[43]
Prostaglandins promote inflammation and may contribute to cancer by increasing cell proliferation and inhibiting apoptosis. The findings of a study reported in 2009 suggest that soy isoflavones may have chemopreventive effects via inhibition of the prostaglandin pathway. In the study, prostate cancer patients scheduled to undergo prostatectomy were randomly assigned to receive a placebo or a soy isoflavone supplement (providing isoflavones, 81.6 mg/d) for at least 2 weeks before surgery. The results showed a significant decrease in COX-2 mRNA levels (P < .01) and significant increases in p21 mRNA levels (P < .01) in prostatectomy specimens obtained from the soy-supplemented group compared with specimens from the placebo group.[10]

Adverse Effects
Overall, isoflavones,soy  and soy products werewas well tolerated in clinical studies oftrials of high risk and  prostate cancer patients.[24, 27, 29, 31, 38, 41] The most commonly reported side effects were gastrointestinal symptoms.[28, 30, 31] In addition, one study reported that a participant withdrew due to insomnia.[28]
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