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Abstract

Background—The profound hypogonadism that occurs with androgen-deprivation therapy
(ADT) for prostate cancer (PCa) results in complications such as diabetes and metabolic syndrome
that predispose to cardiovascular disease. Since phytoestrogens have been associated with an
improvement in metabolic parameters, we evaluated their role in men undergoing ADT.

Objective—To evaluate the effects of high-dose isoflavones on metabolic and inflammatory
parameters in men undergoing ADT.

Methods—This was a randomized, double-blind, placebo-controlled, 12-week pilot study.
Participants were randomly assigned to receive 20 g of soy protein containing 160 mg of total
isoflavones vs taste-matched placebo (20 g whole milk protein). The study was conducted at a
tertiary care center in the United States.

Results—Thirty-three men (isoflavones=17, placebo=16) undergoing ADT for PCa completed
this pilot study. Mean age in the two groups was 69 years and majority of men were Caucasians.
Mean duration of ADT in both groups was approximately 2 years (P=0.70). The two groups were
well-matched at baseline. After 12-weeks of intervention, there was no significant difference in
either metabolic or inflammatory parameters between the two groups.

Conclusion—High-dose isoflavones over a course of 12-weeks do not improve metabolic or
inflammatory parameters in androgen deprived men.
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Introduction

Prostate cancer (PCa) is the most common non-cutaneous malignancy in men (Jemal et al,
2009). Androgen deprivation therapy (ADT) has traditionally been used in the treatment of
locally advanced and metastatic PCa. In the former it has shown survival advantage (with
radiation therapy) while in metastatic disease it has improved quality of life (Bolla et al,
1997). However, it is increasingly been used in men with early stage PCa and those
experiencing biochemical recurrence, even though no survival advantage has been shown
(Sharifi et al, 2005). Recent estimates suggest that more than half a million men in the
United States alone are receiving ADT (Smith et al, 2007). Despite its benefits in a select
group of patients, the resulting profound hypogonadism leads to adverse effects such as
osteoporosis, unfavorable body composition, sexual dysfunction, metabolic perturbations,
cognitive changes, hot flashes and decreased quality of life (QOL) (Basaria et al, 2002;
Basaria et al, 2006; Harle et al, 2006).

Traditionally, these manifestations have been attributed to castrate levels of serum
testosterone, overlooking the fact that these men also have low-to-undetectable levels of
serum estradiol (Basaria et al, 2002). Hence, the relative contribution of testosterone and
estradiol to these adverse effects, especially metabolic abnormalities, remains unclear. The
fact that men with congenital aromatase deficiency (undetectable serum estradiol levels)
have high prevalence of osteoporosis, insulin resistance and metabolic syndrome despite
having normal to elevated serum testosterone levels underscores the importance of estrogen
in men (Carani et al, 1997). Hence, it appears that severe deficiency of estrogen is also
directly related to adverse consequences in men. Studies of estrogen replacement in men on
ADT have shown some benefits, especially improvement in vasomotor symptoms (Gerber et
al, 2000). Although these observations make estrogen administration in these men an
attractive option, earlier studies have found an increased incidence of cardiovascular deaths
in men with advanced PCa who were receiving diethylstilbestrol, a synthetic estrogen (even
though the administered dose was high) (Blackard et al, 1975). Hence, the quest continues
for alternative agents that may provide beneficial effects similar to estrogen while being
devoid of their adverse effects.

Phyto-estrogens (plant estrogens) are non-steroidal, naturally occurring compounds that are
known to exert estrogenic effects (Murkies et al, 1998). They are structurally similar to
natural and synthetic estrogens and bind to estrogen receptors (especially ER-B) (Kuiper et
al, 1998). The common classes of phyto-estrogens include isoflavones, lignans and
coumestans. Isoflavones are present in the highest amount in soybeans, flaxseed and
legumes. Genistein, daidzein and glycitein are the most common isoflavones. Soy is a staple
of Asian diets where daily intake is at least 40 times higher than among western populations
(de Kleijn et al, 2001). Estimates suggest that average daily intake of isoflavones among
Chinese population is 100-150 mg/day compared to 1 mg/day in the United States (de
Kleijn et al, 2001).

Recently, metabolic complications of ADT have surfaced. These include insulin resistance,
diabetes, dyslipidemia and metabolic syndrome (Basaria et al, 2006; Braga-Basaria et al,
2006; Keating et al, 2006). In addition to these complications, recent reports also suggest
increased coronary disease and cardiovascular mortality in this population (Keating et al,
2006; Saigal et al, 2007; D’ Amico et al, 2007; Tsai et al, 2007). Isoflavones have been
associated with some beneficial effects on metabolic parameters. In South East Asia,
increased consumption of isoflavones has been associated with decreased incidence of
diabetes and heart disease (Villegas et al, 2008; Zhang et al, 2003). In clinical trials,
isoflavones have shown an improvement in glycemic control, metabolic syndrome and
inflammatory profile in both men and postmenopausal women (Jayagopal et al, 2002;
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Azadbakht et al, 2007; Atteritano et al, 2007; Huang et al, 2005). We recently showed an
increase in serum adiponectin (adipokine associated with improved insulin sensitivity) levels
in postmenopausal women who were randomized to high dose (160 mg/d) isoflavones
compared with placebo (Charles et al, 2009). To the best of our knowledge, no study to date
has evaluated the effects of soy on metabolic or inflammatory parameters in men receiving
ADT. Therefore, we conducted the current double-blind, randomized; placebo-controlled
study using high dose isoflavones to answer these questions.

Participants were recruited from the Johns Hopkins Medical and Radiation Oncology
Clinics. The protocol was approved by the Institutional Review Board at Johns Hopkins
Hospital. English speaking men >21 years undergoing medical or surgical ADT for a
minimum of 3 months duration were included in the study. Subjects were excluded if they
had any of the following: hepatic or renal disease, untreated thyroid dysfunction,
neurological or active psychiatric disorder, current use of chemotherapy or glucocorticoids,
appetite stimulants or weight promoting agents, history of substance abuse or serum
triglycerides >500 mg/dl. In addition, men with known allergy to soy protein or cow’s milk
were also excluded. Participants who were taking soy supplements at the time of enrollment
were asked to discontinue all such products for at least 3 months prior to enrollment into the
study (3-month wash-out). Once enrolled, men were instructed not to consume any
additional soy products throughout the 12-week study period. This was verified with a food
diary.

Randomization

Intervention

A personal computer generated a list of random numbers. Staffs of the clinical trials unit
who were not involved in conduct of the current trial, randomly assigned men to either
isoflavone or casein placebo group. The subjects and the study personnel remained blinded
to the group assignment throughout the study.

The intervention (Revival Soy®, Physicians Pharmaceuticals, Inc, Kernersville, NC)
contained 20 gram of soy protein consisting of 160 mg of total isoflavones (96 mg
aglycones). Isoflavones were available in the form of a powder that was mixed with a
beverage. The concentrations of the individual isoflavones were as follows: genistein 64 mg,
diadzein 63 mg, and glycitein 34 mg. The placebo powder (Physicians Pharmaceuticals, Inc,
Kernersville, NC) contained 20 grams of whole milk protein and contained the exact same
nutrients as the intervention, excluding the isoflavones. The active and the placebo powders
were similar in appearance and taste, and were available in vanilla and chocolate flavors
(dispensed upon patient’s preference). Supplements were taken once a day for 12 weeks and
were dispensed at baseline and 6-week visit.

Laboratory methods

Blood was collected at baseline, week 6 and week 12 of the study between 8 and 10 AM
after an overnight fast. Once collected, samples were centrifuged to separate the serum that
was stored at —80°C until the analysis. Weight and height were measured and body mass
index (BMI) was calculated.
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Metabolic parameters

Quantification of serum glucose concentrations was performed by a Beckman Glucose
Analyzer 2 (Beckman Instruments, Inc, Fullerton, CA). This particular analyzer uses an
oxygen rate method with an oxygen electrode. Serum was injected into an enzyme reagent
solution containing dissolved oxygen, from which the electronic circuitry can measure the
rate of oxygen consumption from the sample, which is directly proportional to the glucose
concentration. Precision for these glucose values had a standard deviation of less than 2.5
mg/dl. Insulin concentrations were determined using an enzyme-linked immunosorbent
assay (ELISA) (Mercodia, Uppsala, Sweden) with intra- and interassay coefficient of
variation (COV) between 2.8% and 4.0% and 2.6% and 3.6%, respectively. Insulin
resistance was determined using the homeostatic model assessment of insulin resistance
(HOMAR) method (Matthews et al, 1985). C-peptide was measured using a sandwich-based
ELISA (Alpco Diagnostics, Salem, NH) with intra- and interassay COV between 2.87% and
4.5%, and 6.6% and 8.7%, respectively.

Adipo-cytokines

Serum leptin and resistin were measured using ELISA. Resistin (Alpco Diagnostics, Salem,
NH) had intra- and interassay COV between 2.86% and 5.17%, and 4.2% and 7.2%,
respectively. The human leptin kit uses a direct sandwich-based method (Linco Research, St
Charles, MO). The intra- and interassay COV were between 2.6% and 6.2%. Adiponectin
(Linco Research) was measured using a radioimmunoassay (RIA) with intra- and interassay
COV between 1.78% and 9.25%. The quantitative sandwich enzyme immunoassay
technique was used for I1L-6, spg130 (IL-6 receptor), TNF-a, STNF RI (TNF- receptor 1),
and sTNF RIl (TNF-a receptor I1) (R&D Systems, Minneapolis, MN). The intra- and
interassay precision for the assays were the following: IL-6 (6.5% and 9.6%), spg130 (5.0%
and 9.8%), TNF-a (3.1% and 10.6%), STNF RI (3.6% and 8.8%) and sTNF RII (2.6% and
5.1%). Serum C-Reactive protein was measured using a sandwich-based ELISA (Alpco
Diagnostics, Salem, NH) with intra- and interassay COV between 5.5% and 6.5%, and
11.6% and 13.8%, respectively.

Testosterone

Serum testosterone (Diagnostic Systems Laboratories, Webster, TX) was measured using a
radioimmunoassay (RIA) with intra- and inter-assay COV between 7.8% and 9.6%.

Statistical Analyses

Prior to testing hypotheses and modeling, normality of the continuous variables was
inspected by plotting histograms and via Shapiro-Wilks test, and the need for transformation
or nonparametric analysis was determined. No outliers were identified for any outcome
measures or demographic variables. For comparison between treatment groups, 32 analysis
was done for the categorical demographic variables. Based on the distributional properties of
the continuous demographic variables, either two-sample t-test or Wilcoxon rank sum test
was used. For both metabolic and inflammatory parameters, comparison across visits within
each treatment group was done via one-way Analysis of Variance (ANOVA) or the
nonparametric Kruskal-Wallis test and comparison between treatment groups at each visit
was done via t-test or Wilcoxon rank sum test. Data were analyzed according to a modified
intent-to-treat principle, including all those who had two measurements, including baseline,
in the groups to which they were randomized. All analysis was done using SAS version
9.1.3.
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Thirty-three men (isoflavones=17, placebo=16) undergoing ADT for PCa for at least 3
months completed this randomized, double-blind, placebo-controlled pilot study. Of the
initially enrolled 39 men, 3 were excluded based on screening labs while 3 men withdrew
from the study (2 due to personal reasons, 1 subject disliked the taste of the compound).
None of the men had diabetes.

Baseline Data

Mean age of the subjects was 69 years and 80% were caucasian (Table 1). Mean duration of
ADT in both groups was approximately 2 years (P=0.70). The majority of men were
undergoing medical ADT and >80% also received radiation therapy. Only four subjects
were receiving combined androgen blockade. The two groups were well-matched in terms of
age, weight, BMI, TSH or comorbidities. Men in the placebo group had higher mean PSA
values, however, they were not significantly different than the isoflavone group (p = 0.30).
This high mean value in the placebo group was driven by four subjects who had PSA values
ranging between 100-600 ng/ml. During the course of the study, there were no significant
changes in PSA, weight or BMI in any of the groups (data not shown).

Lipids & Glycemic Parameters

At 6 weeks, and 12 weeks, there were no significant differences in any of the lipid
parameters between the two groups (Table 2). Similarly, there were no significant
differences in the glycemic parameters (Figure 1). Insulin resistance, as determined by
HOMA\r also did not change.

Adipokines & Inflammatory Cytokines

There were no significant improvements in any of the inflammatory parameters or
adipokines in the isoflavone group (Table 3).

Discussion

In this double blind, randomized, placebo controlled pilot study; administration of high-dose
isoflavones to men with PCa undergoing ADT did not demonstrate any beneficial effects on
metabolic or inflammatory parameters. To the best of our knowledge, this is the first study
in the English literature using high-dose isoflavones in this patient population.

In recent years there has been a significant increase in the use of ADT (3.7% in 1991 to
30.9% in 1999) and it is estimated that more than half a million Americans are on androgen
deprivation (Smith et al, 2007). Recently, in addition to traditional complications of ADT
such as sexual dysfunction, osteoporosis and vasomotor symptoms, metabolic complications
such as insulin resistance, diabetes and metabolic syndrome have emerged. Recent literature
also suggests that men on ADT also experience higher cardiovascular mortality (D’Amico et
al, 2007; Tsai et al, 2007). Indeed, epidemiological studies have shown that male
hypogonadism is an independent risk factor for diabetes, metabolic syndrome and
cardiovascular mortality (Laaksonen et al, 2004, Laughlin et al, 2008). Although castrate
levels of serum testosterone have been implicated in the pathophysiology of these
complications, these men also have low to undetectable levels of serum estradiol (Basaria et
al, 2002). Hence, the relative contribution of testosterone or estradiol to these adverse effects
remains unclear. A few studies using estrogen therapy in these men have shown
improvement in parameters such as hot flashes (Gerber et al, 2000), however, its use has
been associated with increased cardiovascular mortality (Blackard et al, 1975). Since
isoflavones have slightly different mechanism of action (via ER-B) and their use has resulted
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in an improvement in metabolic parameters in postmenopausal women (Jayagopal et al,
2002; Azadbakht et al, 2007; Atteritano et al, 2007; Huang et al, 2005; Charles et al, 2009),
the hope has been that isoflavones would be beneficial in men on ADT. Soy is consumed in
large amounts in Asian countries compared to western population (Chen et al, 1999), and a
few epidemiological studies have attributed lower incidence of diabetes in such populations
to soy consumption (Villegas et al, 2008). We recently showed in a clinical trial that high-
dose isoflavones (concentration similar to that consumed by Asian population) in
postmenopausal women increased adiponectin (insulin sensitizing adipokine) levels in
postmenopausal women compared to placebo (Charles et al, 2009). Hence, we used the
same dose of isoflavones to evaluate metabolic parameters in men on ADT.

Several studies have shown potential advantageous effect of soy on metabolic parameters.
Soy is a staple of Asian diet. Epidemiological data indicates that Japanese-Americans
residing in Seattle, Washington have four times higher prevalence of type 2 diabetes than
those living in Tokyo (Fujimoto et al, 1994; Fujimoto et al, 1991). Clinical trials of
isoflavones have also shown beneficial effects on glucose homeostasis in postmenopausal
women who have metabolic syndrome and type 2 diabetes (Jayagopal et al, 2002;
Azadbakht et al). One study showed that 132 mg of isoflavones improved both insulin
resistance and hemoglobin A in postemenopausal women with type 2 diabetes (Jayagopal
et al, 2002) The mechanisms by which isoflavones exert anti-diabetic effects include
inhibition of intestinal brush border uptake of glucose and binding to both PPARy and
PPARa (Vedavanam et al, 1999; Dang et al, 2003; Wagner et al, 2008). Even though we
used concentrations of isoflavones that are consumed by the Asian population, we found no
significant improvement in glycemic parameters or insulin resistance in men undergoing
ADT.

Inflammatory cytokines have been implicated in the pathogenesis of insulin resistance
(Hotamisligil & Spiegelman, 1994). Our use of isoflavones to target inflammation has sound
basis since isoflavones have been shown in animals models to reduce tumor necrosis factor
alpha (TNF-a) and interleukin-6 (IL-6) (Ito et al, 2001; Miyamoto et al, 1999; Pfeilschifter
et al, 2002). Tumor necrosis factor-a causes insulin resistance by: i) down-regulating insulin
receptor substrate-1 (IRS-1), ii) inducing serine phosphorylation of IRS-1, and iii)
decreasing glucose transport protein-1 (GLUT-1) (Arnr et al, 2005). On the other hand, IL-6
causes insulin resistance by decreasing the activation of IRS-1 (Arnr et al, 2005). In
postmenopausal women low-dose isoflavones have been shown to decrease serum TNF-a,
level (Huang et al, 2005). These findings were not confirmed by our study.

The efficacy of isoflavones in improving lipid parameters remain controversial. In a
frequently cited meta-analysis of 38 controlled clinical trials, 34 studies showed significant
improvement in lipid parameters (Anderson et al, 1995). The reductions in total cholesterol,
LDL-cholesterol and triglycerides were by 9%, 13% and 10%, respectively. However,
further subanalyses showed that patients with the highest pretreatment total cholesterol
(>335 mg/dl) and LDL-cholesterol (highest quartile) got the most benefit, while it was not
beneficial in subjects with mild hyperlipidemia. Since then, some trials have failed to show
any benefit of soy on serum lipids (Dewell et al, 2002; Gardner et al, 2001; Nestel et al,
1999; Simons et al, 2000), while a few have shown some improvement (Crouse et al, 1999;
Bairey Merz et al, 2006; Allen et al, 1990). The likely explanation for the lack of response in
our men may be the fact that these subjects at baseline only had mild hypercholesterolemia
(both total and LDL) and normal triglyceride levels.

Our study has a few limitations. First, we did not measure serum or urine levels of
isoflavones, hence, the absorption of isoflavones could not be confirmed. These should be
measured in future studies. Second, we did not measure body composition of the subjects.
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Lastly, the serum levels of adipokines and cytokines do not equate to the actual tissue
concentrations. Therefore, any influence of isoflavones on tissue levels of these markers
cannot be ruled out. Our study also has a few strengths. First, this was a double blind,
randomized, placebo-controlled study. Second, we implemented a washout period of 3
months in those subjects who were on soy supplements and ensured based on food diary that
they did not consume soy in any other form. Third, we measured sophisticated inflammatory
markers such as adipokines/cytokines/soluble receptors in our study. Lastly, our study had a
reasonably large sample size for a pilot study.

In conclusion, administering isoflavones at a concentration comparable to that consumed by
the Asian populations did not produce any significant improvements in markers of glucose
homeostasis or inflammation. However, we suggest future studies using variable doses of
isoflavones for a longer duration before ruling out any beneficial effects of isoflavones in
this population.
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Baseline comparison

Table 1

Variable Placebo (n=16) | Treatment (n=17) | P -value
Age (year) 69.0 (2.2) 69.2(2.5) ™ 0.94
Race—White/Black (n) 11/5 15/2

Weight (Kg) 97.39 (4.73)" 90.20 4.01)* | 025
BMI (Kg/m?) 30.05 (1.44)" 28.71 (1.24)" 048
PSA (ng/ml) 45.05 (39.54)° 3.90 (2.58)° 0.30
TSH (mIU/ml) 1.98 (0.22)" 1.81 (0.24)" 0.60
Duration of ADT to baseline (year) 1.96 (0.64) ™ 2.37(0.37) " 0.70
GnRH Analogues/Orchiectomy (n) 16/0 16/1

AR Antagonist (n) 1 3

Radiation Therapy (n) 11 13

History of Metastases (n) 7 7

Number of abnormalities in system review 3.19 (0.42) 3.41(0.52) * 0.74

*
Mean (standard error)
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