Bibliography for Testosterone and Prostate

· Lower urinary tract symptoms and residual bladder volume improve with testosterone replacement in hypogonadal men. (Haidar 2009)
· Low testosterone puts men at risk for prostate cancer, so hypogonadal men should be treated for this reason among others. (Morgenthaler, Testosterone for Life, papers)

· Metanalysis—testosterone therapy is not associated with risk of prostate cancer. (Shabsigh, 2009)

Andrews P, Krygier S, Djakiew D. Dihydrotestosterone (DHT) modulates the ability of NSAIDs to induce apoptosis of prostate cancer cells. Cancer Chemother Pharmacol. 2002 Mar;49(3):179-86. Epub 2002 Jan 24. 


PURPOSE: Recent evidence indicates that nonsteroidal antiinflammatory drugs (NSAIDs) are effective in the treatment and prevention of prostate cancer. In the study reported here, we investigated the ability of the steroid hormone dihydrotestosterone (DHT) to modulate NSAID-induced apoptosis of prostate cancer cells. MATERIALS AND METHODS: Using in vitro models of androgen-sensitive and androgen-insensitive human prostate cancer cells, we evaluated the ability of a specific cyclooxygenase-2 inhibitor (NS-398) and a nonspecific cyclooxygenase inhibitor (indomethacin) to induce apoptosis in the presence of various concentrations of DHT. Apoptosis was quantified using the TUNEL method and verified by electron microscopy. RESULTS: We found that increasing concentrations of DHT significantly enhanced the ability of NS-398 and indomethacin to induce apoptosis of androgen-sensitive LNCaP cells. The ability of NSAIDs to induce apoptosis of androgen-insensitive PC-3 cells, however, was not affected by the presence of DHT. Higher levels of DHT in the incubation medium both before as well as following exposure to NSAIDs enhanced apoptosis of LNCaP cells. Another steroid hormone that interacts with the androgen receptor in LNCaP cells (progesterone) also promoted apoptosis of these cells. Increasing concentrations of DHT caused LNCaP cells to shift from the S and G(2)/M to the G(0)/G(1) stages of the cell cycle. CONCLUSIONS: These observations support the use of DHT in combination with NSAIDs in the treatment of prostate cancer, and indicate that DHT is an important issue to address in clinical trials of NSAIDs since androgen ablation is a common treatment for prostate cancer.

Basaria S. Androgen Deprivation Therapy, Insulin Resistance and Cardiovascular Mortality: An Inconvenient Truth. J Androl. 2008 Jun 20. [Epub ahead of print]

Prostate cancer (PCa) is the most common cancer in men. Androgen-deprivation therapy (ADT) is used in the treatment of locally advanced and metastatic PCa. Although its use as an adjuvant therapy has resulted in improved survival in some patients, ADT has negative consequences. Complications like osteoporosis, sexual dysfunction, gynecomastia, and adverse body composition are well-known. Recent studies have also found metabolic complications in these men. Studies show that short-term ADT (3-6 months) results in development of hyperinsulinemia without causing hyperglycemia. Studies of men undergoing long-term (>/= 12 months) ADT reveal higher prevalence of diabetes and metabolic syndrome compared to controls. In addition, men undergoing ADT also experience higher cardiovascular mortality. Long-term prospective studies of ADT are needed to determine the timing of onset of these complications and to employ strategies to prevent them. In the meantime, baseline and serial screening for fasting glucose and other cardiac risk factors in men receiving ADT is prudent. In selected cases, glucose tolerance test and cardiac evaluation may be required.

Bosland MC, Dreef-Van Der Meulen HC, Sukumar S, Ofner P, Leav I, Han X, Liehr JG.   Multistage prostate carcinogenesis: the role of hormones. Princess Takamatsu Symp. 1991;22:109-23. 


Prostate cancer is the most frequently occurring non-skin cancer in men in the U.S.A. and other Western countries, but its etiology is poorly understood. Human prostate carcinogenesis has been viewed as a multi-step process involving progression from low histologic grade, small latent carcinoma, to large, higher grade, metastasizing carcinoma. However, recent data suggest that a variety of pathogenetic pathways exist. The precise role of hormones in the genesis of human prostate cancer remains largely undefined. It is difficult to investigate stages in the development of human prostate cancer, but some animal models provide opportunities in this regard. Short-term treatment of rats with chemical carcinogens will produce a low incidence (5-15%) of prostate cancer, provided that prostatic cell proliferation is enhanced during carcinogen exposure. A high carcinoma incidence can only be produced by chronic treatment with testosterone following administration of carcinogens such as N-methyl-N-nitrosourea (MNU). Testosterone markedly enhances prostate carcinogenesis even at doses that do not measurably increase circulating testosterone. Thus, testosterone is a strong tumor promoter for the rat prostate. All such MNU-initiated, testosterone-promoted tumors are adenocarcinomas mostly originating from the dorsolateral and anterior, but not ventral, prostate lobes. A high frequency (70%) of activation of the K-ras gene by a G35 to A mutation occurs in these carcinomas. A variable frequency of activation of H-ras and K-ras genes occurs in human prostate carcinomas. Another rat model, representing a different pathogenetic pathway, involves chronic administration of estradiol-17 beta in combination with low-dose testosterone. The resulting carcinomas are low-grade and originate exclusively from periurethral ducts of the dorsolateral and anterior prostate. We recently found a major adduct by 32P postlabeling analysis in the tissue region that includes these ducts, but not in, e.g., the ventral prostate, of rats treated for 16-24 weeks. While it is unknown whether testosterone is a tumor promoter in this system, the presence of a DNA adduct suggests that estradiol-17 beta acts as a tumor-initiating agent in this system. (NOTE:  Estrogen but not testosterone initiates prostate CA in this model, but testosterone does promote growth of cancer once initiated.-HHL)

Cardillo M, Berchem G, Tarkington MA, Krajewski S, Krajewski M, Reed JC, Tehan T, Ortega L, Lage J, Gelmann EP. Resistance to apoptosis and up regulation of Bcl-2 in benign prostatic hyperplasia after androgen deprivation.J Urol. 1997 Jul;158(1):212-6. 


PURPOSE: Benign prostatic hyperplasia (BPH) is related to advancing age and the presence of androgens and occurs in virtually all older men. BPH causes morbidity, most often by urinary obstruction, in a substantial fraction of men over sixty. Both finasteride and androgen ablation induce partial diminution in BPH that occurs over weeks to months. This is in contrast to the often rapid involution seen in both normal prostatic epithelium and prostatic carcinoma in response to androgen withdrawal. This study was performed to analyze the response of prostatic cells, and in particular BPH, to acute androgen ablation. MATERIALS AND METHODS: We subjected a cohort of 26 men to androgen ablation with goserelin, a gonadotrophin releasing hormone agonist, for 3-4 weeks prior to radical prostatectomy for prostate cancer. Preablation biopsy specimens and prostatectomy specimens were immunohistochemically stained for apoptotic cells and for expression of apoptosis regulatory proteins Bcl-2, Bax, Bcl-x, and Bak. RESULTS: Normal prostatic epithelial cells and prostate cancer responded to hormone deprivation by undergoing apoptosis, but in 19/26 specimens prostatic hyperplasia had a total absence of apoptosis. In all 26 specimens, benign prostatic hyperplasia demonstrated increased expression of the Bcl-2 protein, but no change in the expression of Bax, Bcl-x, and Bak. In contrast, adjacent normal and malignant prostatic epithelium showed positive staining for apoptosis and did not alter Bcl-2 expression in response to androgen ablation. CONCLUSIONS: BPH demonstrated increased staining for Bcl-2 after androgen deprivation that may render hyperplastic epithelium relatively resistant to apoptosis induced acutely by androgen withdrawal.  (NOTE: Bcl-2 is an oncogene upregulated by estrogen!-HHL)

Carter H.B. et al., Longitudinal evaluation of serum androgen levels in men with and without prostate cancer, The Prostate, 1995; 27:25​31.

Androgens are thought to play a role in the pathogenesis of prostate cancer. We evaluated androgen levels in 3 age-matched groups of men who were part of the Baltimore Longitudinal Study of Aging: 1) 16 men with no prostatic disease by urologic history and exam (control group); 2) 20 men with a histologic diagnosis of benign prostatic hyperplasia (BPH) who had undergone simple prostatectomy; and 3) 20 men with a histologic diagnosis of prostate cancer (16 with local/regional cancer, and 4 with metastatic cancer). Luteinizing hormone (LH), total testosterone (T), and free T were measured on stored AM sera by radioimmunoassay (RIA). Free T was also calculated from the measured concentrations of total T and sex hormone binding globulin (SHBG). The median number of repeated sex steroid measurements ranged from 6-9 over a period from 7-25 years prior to the diagnosis of prostate disease. There were no significant differences in age-adjusted LH, total T, SHBG, or calculated free T levels among the groups at 0-5, 5-10, and 10-15 years before diagnosis. These data suggest that there are no measurable differences in serum testosterone levels among men who are destined to develop prostate cancer and those without the disease. 

Cote RJ, Skinner EC, Salem CE, Mertes SJ, Stanczyk FZ, Henderson BE, Pike MC, Ross RK. The effect of finasteride on the prostate gland in men with elevated serum prostate-specific antigen levels. Br J Cancer. 1998 Aug;78(3):413-8.

Prostate cancer is a disease associated with androgens. It has been hypothesized that reducing the conversion of testosterone (T) to dihydrotestosterone (DHT) in the prostate by the use of the drug finasteride, a 5alpha-reductase inhibitor, will reduce the incidence of prostate cancer. We investigated the chemopreventive potential of finasteride by evaluating its effect on the prostate gland of men with elevated serum prostate-specific antigen (PSA). Fifty-two men with elevated PSA and prostate sextant biopsies negative for cancer were randomized to receive finasteride 5 mg day(-1) (27 patients) or no medication (25 patients) for 12 months and were rebiopsied at 12 months. The biopsies were evaluated for the presence of cancer, the proportion of glandular and hyperplastic tissue, and the presence of high-grade prostatic intraepithelial neoplasia (PIN). Epithelial proliferation was assessed in the prestudy and 12-month biopsies by immunohistochemistry using antibody to proliferating cell nuclear antigen (PCNA). Serum blood samples were drawn at baseline and after 1, 3, 6 and 12 months of study. In the control group, serum levels of PSA and T were unchanged throughout the 12 months. In the finasteride group, PSA decreased 48% (P < 0.001), DHT decreased 67% (P < 0.001) and T increased 21% (P < 0.001). Histological evaluation of prestudy and 12-month biopsy specimens revealed that the finasteride group had a 30% reduction in the percentage of hyperplastic epithelial tissue (P = 0.002), although this decrease was not statistically significantly different between the finasteride and control groups (P = 0.11). In patients with PIN on prestudy biopsy, no change occurred in the PIN lesions with finasteride treatment. Finasteride also had no effect on the proliferation index of prostatic epithelial cells. Of the 27 patients treated with finasteride, eight (30%) had adenocarcinoma of the prostate detected on the 12-month biopsy, compared with one (4%) of the control patients (P = 0.025). In the treatment group, six cancers occurred in the eight patients with PIN on the prestudy biopsy; in the observation group no cancers were detected in the five patients with PIN on the prestudy biopsy (P = 0.021). Two cancers occurred in the 19 men in the treatment group with no evidence of PIN on the prestudy biopsy, compared with one cancer in the 20 men in the observation group with no evidence of PIN on the prestudy biopsy (P = 0.60). This study, using a novel model for evaluating short-term efficacy of chemopreventive or therapeutic agents in men at high risk of prostate cancer, provides little evidence that finasteride is an effective chemopreventive agent for prostate cancer in men with elevated PSA.

Endogenous Hormones, Prostate Cancer Collaborative Group, Roddam AW, Allen NE, Appleby P, Key TJ. Endogenous sex hormones and prostate cancer: a collaborative analysis of 18 prospective studies. J Natl Cancer Inst. 2008 Feb 6;100(3):170-83.

BACKGROUND: Sex hormones in serum have been hypothesized to influence the risk of prostate cancer. We performed a collaborative analysis of the existing worldwide epidemiologic data to examine these associations in a uniform manner and to provide more precise estimates of risks. METHODS: Data on serum concentrations of sex hormones from 18 prospective studies that included 3886 men with incident prostate cancer and 6438 control subjects were pooled by the Endogenous Hormones and Prostate Cancer Collaborative Group. Relative risks (RRs) of prostate cancer by fifths of serum hormone concentration were estimated by use of conditional logistic regression with stratification by study, age at recruitment, and year of recruitment. All statistical tests were two-sided. RESULTS: No associations were found between the risk of prostate cancer and serum concentrations of testosterone, calculated free testosterone, dihydrotestosterone, dehydroepiandrosterone sulfate, androstenedione, androstanediol glucuronide, estradiol, or calculated free estradiol. The serum concentration of sex hormone-binding globulin was modestly inversely associated with prostate cancer risk (RR in the highest vs lowest fifth = 0.86, 95% confidence interval = 0.75 to 0.98; P(trend) = .01). There was no statistical evidence of heterogeneity among studies, and adjustment for potential confounders made little difference to the risk estimates. CONCLUSIONS: In this collaborative analysis of the worldwide data on endogenous hormones and prostate cancer risk, serum concentrations of sex hormones were not associated with the risk of prostate cancer.

Engehausen DG, Endele S, Krause SF, Rith T, Schrott KM, Akcetin Z. Polymorphisms in the human progesterone receptor (PGR) gene of two human prostate adenocarcinoma cell lines. Anticancer Res. 2005 May-Jun;25(3A):1607-9. 


BACKGROUND: The incidence and mortality rate of prostate cancer has been steadily increasing in most countries worldwide. A potential implication of the progesterone receptor has been reported in prostatic carcinogenesis. In this study, an allele of human progesterone receptor gene (PROGINS), which was demonstrated to be associated with an increased risk of sporadic ovarian cancer, was tested in two human prostate cancer cell lines, PC-EW and PC-OR. MATERIALS AND METHODS: Genomic DNA was isolated from the cell lines in athymic nude mice. The polymorphisms in exon 4 and exon 5 and the insertion in intron G (PROGINS) were identified by sequencing and gel electrophoresis. RESULTS: The PROGINS allele and the polymorphisms in exon 4 and exon 5 were found heterozygous in the PC-OR cell line but not in the PC-EW cell line. CONCLUSION: We described the polymorphisms of exon 4, exon 5 and PROGINS in prostate cancer. Mutation screening of the PGR gene may provide information for risk assessment of developing prostate cancer.

Feneley MR, Puddefoot JR, Xia S, Sowter C, Slavin G, Kirby RS, Vinson GP. Zonal biochemical and morphological characteristics in BPH. Br J Urol. 1995 May;75(5):608-13. 


OBJECTIVE: To compare androgen, oestrogen, progesterone and epidermal growth factor receptor concentrations in the transition zone and peripheral zone of the prostate in benign prostatic hyperplasia (BPH), and to relate these findings to epithelial and stromal composition. PATIENTS AND METHODS: Tissue from both the transition and peripheral zone of the prostate was obtained from 26 patients undergoing transurethral prostatectomy for benign prostatic obstruction and used for both receptor binding studies and morphometric analysis. Androgen receptor (AR), oestrogen receptor (ER), progesterone receptor (PR) and epidermal growth factor receptor (EGFR) concentrations were assayed by saturation binding with a competitive inhibitor. The epithelial, stromal and luminal composition of the tissue was determined using a Zeiss AxioHOME microscope workstation. RESULTS: The epithelial content was significantly greater in the transition zone than in the peripheral zone. No overall zonal difference in AR concentration was detected; however, when values were expressed relative to the epithelial component, the AR content was significantly higher in the peripheral zone. Conversely, overall EGFR concentrations were significantly greater in the transition zone, although not when expressed per unit epithelium. Higher concentrations of oestrogen receptor were measured in the transition zone per unit stroma. No zonal difference in PR was detected. However, there was a significant correlation between AR and PR in the peripheral zone and between EGFR and AR in the transition zone. CONCLUSION: These data demonstrate that receptor concentrations should be related to tissue composition. Concentrations of AR were higher in the peripheral zone epithelium than in transition zone epithelium, suggesting greater androgen dependence. This may be important in determining its greater propensity for malignancy. Although EGFR concentrations were greater in the transition zone, there was no zonal difference after correction for the amount of epithelium. Finally, higher concentrations of ER were detected in the transition zone stroma which may reflect important zonal differences in regulating growth and provides further evidence of a role for oestrogens in BPH.

Gibo Y. Comparison of the pituitary-gonadal functions in men and women, Nippon Sanka Fujinka Gakkai Zasshi. 1982 Dec;34(12):2244-52. 
   

Changes in the levels of several plasma hormones were studied endocrinologically in healthy men and women. A marked decrease in estradiol at age 50 followed by a gradual decline with increasing age was observed in women. Much higher estradiol levels were found in women before age 50. Progesterone levels were quite low after age 40 in both sexes. Testosterone levels were significantly higher in men than in women. In men, however, the levels showed a tendency to decrease after age 75 and those in women demonstrated a significant decrease after age 50. A gradual increase in FSH after age 45 and LH after 60 was found in men, while a striking increase in both was noticed in women at age 50. Higher prolactin levels were observed in men after age 65, but there was no difference according to sex. No changes in the levels of TSH either with increasing age or according to sex were observed. Although similar degrees of pituitary responsiveness to LH.RH test over adult to senile periods were revealed, a somewhat delayed response was seen in men after age 60.

Haider A, Gooren LJ, Padungtod P, Saad F. Concurrent improvement of the metabolic syndrome and lower urinary tract symptoms upon normalisation of plasma testosterone levels in hypogonadal elderly men. Andrologia. 2009 Feb;41(1):7-13.

Central obesity in adulthood, the metabolic syndrome, erectile failure and lower urinary tract symptoms (LUTS) are all associated with lower-than-normal testosterone levels, although the relationship between testosterone and LUTS appears weak. The metabolic syndrome is associated with an overactivity of the autonomic nervous system. Alternatively, the metabolic syndrome is associated with markers of inflammation, such as C-reactive protein (CRP), maybe signalling intraprostatic inflammation. A large cohort of 95 middle-aged to elderly hypogonadal men (T levels 5.9-12.1 nmol l(-1)) were treated with parenteral testosterone undecanoate and its effects on the metabolic syndrome {waist circumference, cholesterol, CRP and LUTS [residual bladder volume (RBV), International Prostate Symptoms Score (IPSS), prostate volume, prostate-specific antigen (PSA)]} were evaluated. Along with the improvements of the metabolic syndrome, there was a significant decline of the values of the IPSS, RBV and CRP. There was a (low) level of correlation between the decline of waist circumference and residual volume of urine but not with IPSS and prostate size. Along with the improvement of the metabolic syndrome upon testosterone administration, there was also an improvement of the IPSS and of RBV of urine and CRP. The mechanism remains to be elucidated.

Haider A, Zitzmann M, Doros G, Isbarn H, Hammerer P, Yassin A. Incidence of Prostate Cancer in Hypogonadal Men Receiving Testosterone Therapy: Observations from 5-Year Median Followup of 3 Registries. J Urol. 2015 Jan;193(1): 80–86. 

PURPOSE: Although there is no evidence that testosterone therapy increases the risk of prostate cancer, there is a paucity of long-term data. We determined whether the incidence of prostate cancer is increased in hypogonadal men  receiving long-term testosterone therapy. MATERIALS AND METHODS: In 3 parallel, prospective, ongoing, cumulative registry studies 1,023 hypogonadal men received testosterone therapy. Two study cohorts were treated by urologists (since 2004) and 1 was treated at an academic andrology center (since 1996). Patients were treated when total testosterone was 12.1 nmol/l or less (350 ng/dl) and symptoms of hypogonadism were present. Maximum followup was 17 years (1996 to 2013) and median followup was 5 years. Mean baseline patient age in the urological settings was 58 years and in the andrology setting it was 41 years. Patients received testosterone undecanoate injections in 12-week intervals. Pretreatment examination of the prostate and monitoring during treatment were performed. Prostate biopsies were performed according to EAU guidelines. RESULTS: Numbers of positive and negative biopsies were assessed. The incidence of prostate cancer and post-prostatectomy outcomes was studied. A total of 11 patients were diagnosed with prostate cancer in the 2 urology settings at proportions of 2.3% and 1.5%, respectively. The incidence per 10,000 patient-years was 54.4 and 30.7, respectively. No prostate cancer was reported by the andrology center. Limitations are inherent in the registry design without a control group. CONCLUSIONS: Testosterone therapy in hypogonadal men does not increase the risk of prostate cancer. If guidelines for testosterone therapy are properly applied, testosterone treatment is safe in hypogonadal men. PMID: 24980615 (These numbers are notably lower than the 116 and 96.6 per 10,000 patient-year incidences uncovered in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial and the European Randomized Study of Screening for Prostate Cancer.-HHL)

Heikkila et al. Cancer 1999 July 15;86(2):312-5)

BACKGROUND: It has been hypothesized that high androgen levels are determinants of prostate carcinoma. METHODS: Serum concentrations of testosterone, sex hormone-binding globulin (SHBG), and androstenedione were analyzed to determine their role as predictors of prostate carcinoma in a longitudinal, population-based, nested case-control study. The serum concentrations of testosterone, SHBG, and androstenedione were determined from serum samples collected by the Finnish Mobile Clinic Health Examination Survey between 1968-1972 and stored at -20 degrees C. During a follow-up period of 24 years, a total of 166 prostate carcinoma cases occurred among men who originally were cancer free. Two controls (matched for age and municipality) were chosen. RESULTS: There was no association between serum testosterone, SHBG, or androstenedione concentrations and the occurrence of subsequent prostate carcinoma in the total study population or in subgroups determined based on age or body mass index. The association was not strengthened by simultaneous adjustment for the hormonal variables. CONCLUSIONS: The results of the current study do not appear to corroborate the hypothesis that serum testosterone, SHBG, or androstenedione are determinants of the subsequent occurrence of prostate carcinoma.

Hiramatsu M, Maehara I, Orikasa S, Sasano H. Immunolocalization of oestrogen and progesterone receptors in prostatic hyperplasia and carcinoma. Histopathology. 1996 Feb;28(2):163-8. 

Oestrogen receptors and progesterone receptors were immunolocalized in 19 patients with benign prostatic hyperplasia and in 26 patients with prostatic carcinoma. Immunohistochemistry was performed on tissue that had been fixed in 8% paraformaldehyde and then paraffin-embedded, using microwave irradiation for antigen retrieval. Oestrogen receptor expression was observed exclusively in the stromal cells of six out of 26 (23%) patients with prostatic carcinoma, but in none of the cells of patients with benign prostatic hyperplasia. Progesterone receptor expression was detected in 16 of 19 (84%) and 17 of 19 (89%) of the epithelial cells and stromal cells of patients with benign prostatic hyperplasia, respectively. In patients with prostatic carcinoma, progesterone receptor immunoreactivity was observed in 12 of 20 (46%) and 20 of 26 (77%) of the carcinoma and stromal cells of prostatic carcinoma, respectively. The ratio of epithelial cells with progesterone receptor immunoreactivity corresponded well with that of stromal cells with immunoreactivity in patients with benign prostatic hyperplasia. However, the ratio of stromal cells with progesterone receptor immunoreactivity was much higher than that in carcinoma cells in patients with prostatic carcinoma. Immunolocalization patterns or the ratio of the cells with progesterone receptor immunoreactivity did not significantly correlate with histological differentiation or patient's age in carcinoma cases. However, patients with advanced surgical stages of disease demonstrated a significantly smaller number of carcinoma and stromal cells with progesterone immunoreactivity in patients with prostatic carcinoma. These results suggest that oestrogens do not have a direct effect on the biological behaviour of benign prostatic hyperplasia and prostatic carcinoma, but that progesterone appears to play a role in the pathogenesis of benign prostatic hyperplasia and prostatic carcinoma.(? Analysis of receptor number has major flaw—receptors will be increased if the hormone is lacking, and will decrease in number if the hormone is present in abundance!  So the correct conclusions may be the opposite of those drawn by the author!-HHL)
Kehinde EO, Akanji AO, Memon A, Bashir AA, Daar AS, Al-Awadi KA, Fatinikun T. Prostate cancer risk: the significance of differences in age related changes in serum conjugated and unconjugated steroid hormone concentrations between arab and caucasian men. Int Urol Nephrol. 2006;38(1):33-44. 

Introduction: Factors responsible for the low incidence of clinical prostate cancer (3-8/100,000 men/year) in the Arab population remain unclear, but may be related to changes in steroid hormone metabolism. We compared the levels of serum conjugated and unconjugated steroids between Arab and Caucasian populations, to determine if these can provide a rational explanation for differences in incidence of prostate cancer between the two populations. Patients/Method: Venous blood samples were obtained from 329 unselected apparently healthy indigenous Arab men (Kuwaitis and Omanis) aged 15-80 years. Samples were also obtained from similar Arab men with newly diagnosed prostate cancer or benign prostatic hyperplasia (BPH). The samples were taken between 8:00 am and 12:00 noon. Serum levels of total testosterone, (TT), sex hormone binding globulin (SHBG), free androgen index (FAI); adrenal C(19)-steroids, dehydroepiandrosterone sulphate (DHEAS) and androstenedione (ADT) were determined using Immulite kits (Diagnostic Systems Laboratories Inc, Webster Texas, USA). The results obtained in Arab men were compared with those reported for similarly aged Chinese, German and White USA men. Results: In all four ethnic groups, median TT and FAI declined with age, while SHBG increased with age. However, the mean TT and SHBG was significantly lower (p<0.01) and the FAI significantly higher in Arab men (p<0.01) compared to German men only in 21-30 years age group. In the other age groups the levels of TT and SHBG were higher in the Germans but the differences were not statistically significant. In all the racial groups serum levels of DHEAS and ADT reached a peak by about 20 years of life, and then declined progressively. The mean DHEAS in American Caucasians aged 20-29 years was 11.4 mumol/l compared to 6.22 mumol/l in the Arabs (p<0.001). The mean DHEAS in USA Caucasians aged 70-79 years was 2.5 mumol/l compared to 1.8 mumol/l (p<0.03) in the Arabs. There was no significant difference in mean serum levels of DHEAS between German and USA men. Similarly, there was no significant difference in the level of the hormones between Arab and Chinese men. Arab men with newly diagnosed prostate cancer had high serum TT, SHBG and DHEAS compared to those without the disease. Conclusions: The mean TT and SHBG was significantly lower in Arab men compared to Caucasian men especially in early adulthood. Caucasians have significantly higher serum levels of the precursor androgens DHEAS and ADT especially in early adulthood compared to Arab men. These observations of low circulating androgens and their adrenal precursors in Arab men may partially account for the decreased risk for prostate cancer among Arab men.(Goes against the finding of many other studies, and other factors may play a role in such cross-cultural comparisons, like genetics, diet, etc.-HHL)

Kenny AM, Prestwood KM, Raisz LG. Short-term effects of intramuscular and transdermal testosterone on bone turnover, prostate symptoms, cholesterol, and hematocrit in men over age 70 with low testosterone levels. Endocr Res. 2000 May;26(2):153-68.

The objective of the study was to determine whether short-term testosterone administration to older men with low bioavailable testosterone would have any immediate adverse effects, especially on the symptoms of benign prostate hyperplasia, preliminary to embarking on a long-term study of testosterone treatment. Transdermal and intramuscular testosterone were compared to determine whether there were any rapid changes in markers of bone formation or resorption with either testosterone administration. We undertook a non-randomized trial of 9 weeks intervention with either intramuscular testosterone, transdermal testosterone or neither followed by a 9-week observation period. Twenty-seven men over age 70 years with no medical conditions known to affect bone turnover and total testosterone levels below 350 ng/dl (normal range 350-1230 ng/dl) or bioavailable testosterone levels below 128 ng/dl (normal range 128-430 ng/dl) received either testosterone via transdermal patch (TP; two 2.5 mg patches/d), intramuscular testosterone enanthate (IM; 200 mg every 3 weeks) or no testosterone for 9 weeks of treatment followed by a 9 week observation period. Nine men were enrolled in each group. The mean age of the men was 74 +/- 3 years (range 70-83 years). While all men receiving testosterone treatment increased levels above their own baseline, only 6 of 9 men receiving transdermal testosterone achieved bioavailable testosterone levels in the normal range for young men. Neither treatment group demonstrated changes in estradiol levels. No side effects were reported using the intramuscular testosterone while 5/9 men using transdermal testosterone developed a rash. There were no significant changes in markers of bone resorption or formation in either testosterone treatment group. There were no ill effects on prostate size, symptoms or prostate specific antigen level. PSA levels of 1.5 +/- 0.7 ng/dl and 1.6 +/- 0.7 ng/dl in the TP and IM groups, respectively. were 2.0 +/- 1.0 ng/dl and 1.8 +/- 0.9 ng/dl following treatment. Cholesterol profiles were also not affected by either transdermal or intramuscular testosterone. Similarly hemoglobin and hematocrit remained unchanged in men receiving either testosterone preparation. (Obviously the dose was too low to maintain levels in the upper third of the RR necessary to see the benefits for the H&H, estradiol levels, and bone formation. Men need 100 to 200mg IM/SQ WEEKLY —HHL)

Lewis JG, Nakajin S, Ohno S, Warnock A, Florkowski CM, Elder PA.   Circulating levels of isoflavones and markers of 5alpha-reductase activity are higher in Japanese compared with New Zealand males: what is the role of circulating steroids in prostate disease? Steroids. 2005 Dec 15;70(14):974-9. Epub 2005 Aug 30. 


Epidemiological evidence implicates dietary isoflavone intake as protective against prostate disease. A putative mechanism is attenuated circulating androgen levels in male populations consuming an isoflavone rich diet. We investigated this hypothesis by collecting plasma from 60 Japanese and 60 New Zealand males aged between 21 and 31 years each consuming their traditional diets. We measured plasma testosterone, dihydrotestosterone (DHT), androstenedione, dehydroepiandrosterone sulfate (DHEAS), the combined levels of androsterone sulfate and epiandrosterone sulfate (AoS/epiAoS), sex hormone-binding globulin, and cortisol and corticosteroid-binding globulin as well as the isoflavones genistein and equol. Plasma genistein and equol levels were several times higher in Japanese males as would be expected from an isoflavone rich diet. However, androstenedione, DHEAS, calculated free testosterone and paradoxically markers of 5alpha-reductase, DHT and AoS/epiAoS were all also significantly higher in Japanese rather than the New Zealand male counterparts. All other comparisons were not significant. Plasma DHT and DHEAS correlated positively with plasma equol and plasma AoS/epiAoS correlated positively with genistein levels. Taken together the results suggest that, rather than reduced levels of steroidogenesis, Japanese males may have increased 5alpha-reductase activity and possibly altered 17beta OH steroid dehydrogenase activity. Significantly the positive association between isoflavones levels and 5alpha-steroids is counter-intuitive to isoflavone intake offering prostate protection, unless this is postulated to occur through other mechanisms.

Lu-Yao GL, Albertsen PC, MD; Moore DF, Shih W, Lin Y, DiPaola RS, Yao SL. Survival Following Primary Androgen Deprivation Therapy Among Men With Localized Prostate Cancer. JAMA 2008;300(2):173-181.

Context: Despite a lack of data, increasing numbers of patients are receiving primary androgen deprivation therapy (PADT) as an alternative to surgery, radiation, or conservative management for the treatment of localized prostate cancer. Objective: To evaluate the association between PADT and survival in elderly men with localized prostate cancer. Design, Setting, and Patients: A population-based cohort study of 19 271 men aged 66 years or older receiving Medicare who did not receive definitive local therapy for clinical stage T1-T2 prostate cancer. These patients were diagnosed in 1992-2002 within predefined US geographical areas, with follow-up through December 31, 2006, for all-cause mortality and through December 31, 2004, for prostate cancer–specific mortality. Instrumental variable analysis was used to address potential biases associated with unmeasured confounding variables. Main Outcome Measures:  Prostate cancer–specific survival and overall survival. Results: Among patients with localized prostate cancer (median age, 77 years), 7867 (41%) received PADT, and 11 404 were treated with conservative management, not including PADT. During the follow-up period, there were 1560 prostate cancer deaths and 11 045 deaths from all causes. Primary androgen deprivation therapy was associated with lower 10-year prostate cancer–specific survival (80.1% vs 82.6%; hazard ratio [HR], 1.17; 95% confidence interval [CI], 1.03-1.33) and no increase in 10-year overall survival (30.2% vs 30.3%; HR, 1.00; 95% CI, 0.96-1.05) compared with conservative management. However, in a prespecified subset analysis, PADT use in men with poorly differentiated cancer was associated with improved prostate cancer–specific survival (59.8% vs 54.3%; HR, 0.84; 95% CI, 0.70-1.00; P = .049) but not overall survival (17.3% vs 15.3%; HR, 0.92; 95% CI, 0.84-1.01). Conclusion: Primary androgen deprivation therapy is not associated with improved survival among the majority of elderly men with localized prostate cancer when compared with conservative management.

Meikle AW, Stephenson RA, Lewis CM, Middleton RG. Effects of age and sex hormones on transition and peripheral zone volumes of prostate and benign prostatic hyperplasia in twins. J Clin Endocrinol Metab. 1997 Feb;82(2):571-5. 

Benign prostatic hyperplasia has been shown to increase with age and be influenced by sex hormones. The relationship between aging and hormonal influences on growth of zones of the prostate is unresolved. We studied the relationship of age and sex hormones on volume of prostate zones in 214 male twins between 25 and 75 yr old. Volumes of the total prostate (TV), transition zone (TZ), and peripheral zones (PZ) were measured using transrectal ultrasound, and sex steroid concentrations were measured using RIA. Using transformed data corrected for age, TV (r = 0.54, P < 0.00001), TZ (r = 0.58, P < 0.00001), and PZ (r = 0.39, P < 0.00001) volumes increased with age. However, the PZ volume rose more rapidly than the TZ before age 50, and TZ showed a steeper increase after age 50 yr than the PZ volume. The TZ, PZ, and ratio TZ/PZ correlated significantly (r = 0.87, 0.90, and 0.52, respectively; P < 0.00001). After a TV exceeded 30 g, the rise of the PZ became attenuated, and the slope of the TZ became steeper. Age-adjusted sex hormone concentration was not evaluated in men with larger prostate volumes. Men with American Urological Association symptom scores above 10 had significantly (P < 0.001) larger total prostate volume (TV) and TZ volume, but not PZ volumes, than men with scores below 10. Prostate volumes correlated inversely with age-adjusted serum testosterone (T), dihydrotestosterone, sex hormone binding globulin, and sex hormone binding globulin-bound T concentrations. These results demonstrate that before age 50 yr or before a prostate weight exceeds 30 g, prostate growth may be mainly from enlargement of the PZ and after age 50, the TZ. In addition, elevated T and dihydrotestosterone concentrations do not predispose men to prostate enlargement or symptoms of benign prostatic hyperplasia.

Meikle AW, Stanish WM. Familial prostatic cancer risk and low testosterone. J Clin Endocrinol Metab. 1982 Jun;54(6):1104-8. 


We investigated whether familial factors influence 1) the incidence of prostatic cancer and 2) the plasma content of sex steroids. A 4-fold higher relative risk for the development of prostatic cancer was observed for brothers (n = 257) of prostatic cancer cases (n = 150) compared to their brothers-in-law (n = 202) and males in the general population of the state Utah. The intraclass correlation for plasma testosterone content [intraclass correlation coefficient (r1) = 0.51; P less than 0.01] and the apparent free testosterone concentration (r1 = 0.54; P less than 0.01) were highly significant in nonendocrinologically treated cases and their brothers. Further, sons and their fathers had significant intraclass correlations for both plasma dihydrotesterone (r1 = 0.83; P less than 0.01) and the ratio of testosterone to dihydrotestosterone (r1 = 0.46; P less than 0.05). Probands and their brothers, and sons of the patients with the disease had significantly lower plasma testosterone levels than controls of comparable age. This is the first documentation indicating that familial (possibly genetic) factors are potent risk factors for predisposing men to the development of prostatic cancer and in regulating the plasma content of androgens. Our results indicate that plasma androgen levels in families with prostatic cancer are clustered in the lower range of the normal population. They also suggest that plasma androgen content is more similar within each family with the cancer than among the families without cancer.

Morgentaler A.  Testosterone replacement therapy and prostate risks: where's the beef? Can J Urol. 2006 Feb;13 Suppl 1:40-3. 

It has been part of the conventional medical wisdom for six decades that higher testosterone in some way increases the risk of prostate cancer. This belief is derived largely from the well-documented regression of prostate cancer in the face of surgical or pharmacological castration. However, there is an absence of scientific data supporting the concept that higher testosterone levels are associated with an increased risk of prostate cancer. Specifically, no increased risk of prostate cancer was noted in 1) clinical trials of testosterone supplementation, 2) longitudinal population-based studies, or 3) in a high-risk population of hypogonadal men receiving testosterone treatment. Moreover, hypogonadal men have a substantial rate of biopsy-detectable prostate cancer, suggesting that low testosterone has no protective effect against development of prostate cancer. These results argue against an increased risk of prostate cancer with testosterone replacement therapy.

Morgentaler A, Lipshultz LI, Bennett R, Sweeney M, Avila D Jr, Khera M. Testosterone therapy in men with untreated prostate cancer. J Urol. 2011 Apr;185(4):1256-60. Epub 2011 Feb 22.

PURPOSE: A history of prostate cancer has been a longstanding contraindication to the use of testosterone therapy due to the belief that higher serum testosterone causes more rapid prostate cancer growth. Recent evidence has called this paradigm into question. In this study we investigate the effect of testosterone therapy in men with untreated prostate cancer. MATERIALS AND METHODS: We report the results of prostate biopsies, serum prostate specific antigen and prostate volume in symptomatic testosterone deficient cases receiving testosterone therapy while undergoing active surveillance for prostate cancer. RESULTS: A total of 13 symptomatic testosterone deficient men with untreated prostate cancer received testosterone therapy for a median of 2.5 years (range 1.0 to 8.1). Mean age was 58.8 years. Gleason score at initial biopsy was 6 in 12 men and 7 in 1. Mean serum concentration of total testosterone increased from 238 to 664 ng/dl (p <0.001). Mean prostate specific antigen did not change with testosterone therapy (5.5 ± 6.4 vs 3.6 ± 2.6 ng/ml, p = 0.29). Prostate volume was unchanged. Mean number of followup biopsies was 2. No cancer was found in 54% of followup biopsies. Biopsies in 2 men suggested upgrading, and subsequent biopsies in 1 and radical prostatectomy in another indicated no progression. No local prostate cancer progression or distant disease was observed. CONCLUSIONS: Testosterone therapy in men with untreated prostate cancer was not associated with prostate cancer progression in the short to medium term. These results are consistent with the saturation model, ie maximal prostate cancer growth is achieved at low androgen concentrations. The longstanding prohibition against testosterone therapy in men with untreated or low risk prostate cancer or treated prostate cancer without evidence of metastatic or recurrent disease merits reevaluation. PMID: 21334649

Morgentaler A, Traish AM Shifting the paradigm of testosterone and prostate cancer: the saturation model and the limits of androgen-dependent growth. Eur Urol. 2009 Feb;55(2):310-20.  

CONTEXT: The traditional belief that prostate cancer (PCa) growth is dependent on serum testosterone (T) level has been challenged by recent negative studies in noncastrated men. OBJECTIVE: To provide an improved framework for understanding the relationship of PCa to serum T level that is consistent with current evidence and is based on established biochemical principles of androgen action within the prostate. EVIDENCE ACQUISITION: A literature search was performed of publications dating from 1941 to 2008 that addressed experimental and clinical effects of androgens on prostate growth. Review of studies investigating the prostatic effects of manipulation of androgen concentrations in human and animal studies, and in PCa cell lines. EVIDENCE SYNTHESIS: Prostate growth is exquisitely sensitive to variations in androgen concentrations at very low concentrations, but becomes insensitive to changes in androgen concentrations at higher levels. This pattern is consistent with the observation that androgens exert their prostatic effects primarily via binding to the androgen receptor (AR), and that maximal androgen-AR binding is achieved at serum T concentrations well below the physiologic range. A Saturation Model is proposed that accounts for the seemingly contradictory results in human PCa studies. Changes in serum T concentrations below the point of maximal androgen-AR binding will elicit substantial changes in PCa growth, as seen with castration, or with T administration to previously castrated men. In contrast, once maximal androgen-AR binding is reached the presence of additional androgen produces little further effect. CONCLUSIONS: The evidence clearly indicates that there is a limit to the ability of androgens to stimulate PCa growth. A Saturation Model based on androgen-AR binding provides a satisfactory conceptual framework to account for the dramatic effects seen with castration as well as the minor impact of T administration in noncastrated men. PMID: 18838208

Mauvais-Jarvis P, Kuttenn F, Baudot N. Inhibition of testosterone conversion to dihydrotestosterone in men treated percutaneously by progesterone. J Clin Endocrinol Metab. 1974 Jan;38(1):142-7. 


Monath, J.R. et al., Physiologic variations of serum testosterone within the normal range do not affect serum prostate specific antigen, Urology, 1995; 46(1):58-61.

No correlation between total testosterone in normal range and PSA.  It appears that serum PSA increases with serum testosterone until normal androgen levels are achieved, after which androgen receptors are saturated and further androgen increases have no effect.  

Narayan JP, Srivastava SP, Singh JN. Free estrogens and progestogens in benign prostatic hypertrophy. Indian J Physiol Pharmacol. 1985 Apr-Jun;29(2):119-22. 


Studies on the presence of free estrogens and progestogens in human prostates clearly differentiate the benign hypertrophied prostates from normals. Both contained 17 alpha-hydroxypregnenolone 5 beta-pregnane-3, 20-dione, 5 alpha-pregnane-3, 20-dione and 16 alpha-hydroxyestrone. However, presence of 11 alpha-hydroxyprogesterone 20 beta-hydroxypregnenolone, pregnenolone, 17 alpha-hydroxyprogesterone, as well as estrone and estriol exclusively in BPH samples pointed to their possible involvement in the development of benign prostatic hypertrophy.

Noguchi K, Takeda M, Hosaka M, Kubota Y. Clinical effects of allylestrenol on patients with benign prostatic hyperplasia (BPH) evaluated with criteria for treatment efficacy in BPH Hinyokika Kiyo. 2002 May;48(5):269-73. 


One hundred and twenty-nine patients with benign prostatic hypertrophy (BPH) were registered and treated with allylestrenol (a synthetic steroid with progestational activity). Allylestrenol was administered at a dose of 50 mg/day given twice a day for 16 weeks. Out of 129 patients with a mean age of 67.8 years old, 92 cases completed the study and 48 cases with moderate symptoms were objectively evaluated with "Criteria for Treatment Efficacy in BPH" proposed by The Japanese Urological Association in 1997. Prostate volume was significantly decreased from 32.7 +/- 11.9 to 27.4 +/- 11.2 ml (mean +/- SD), and maximum flow rate was significantly increased from 8.4 +/- 3.4 to 10.8 +/- 5.0 ml/sec. Residual urine volume was significantly decreased from 62.4 +/- 57.4 to 37.0 +/- 38.7 ml. IPSS was significantly decreased from 15.3 +/- 4.9 to 9.9 +/- 4.0, and QOL index was significantly decreased from 4.4 +/- 0.8 to 2.7 +/- 1.2. The efficacy of allylestrenol was shown by its effects on prostate volume (anatomy), maximum urinary flow rate (function), and symptom scores (symptom) at the end of 16 weeks of treatment. The rates of improvement for symptoms, QOL, function, and anatomy are 68.7% (N = 48), 79.2% (N = 48), 50.0% (N = 48), and 61.0% (N = 41), respectively. Overall efficacy (Good and Fair) was 70.9% (N = 48). During this study, 5 patients (3.9%) complained of loss of libido and 2 patients dropped out. In conclusion, allylestrenol was demonstrated to be a quite effective and safe medical treatment for patients with symptomatic BPH based on the criteria for treatment efficacy in BPH.(And perhaps cheap progesterone will work just as well or better?-HHL)

Onu PE. Depot medroxyprogesterone in the management of benign prostatic hyperplasia. Eur Urol. 1995;28(3):229-35. 


The effects of depot medroxyprogesterone (DMPA), a 5 alpha-reductase, luteinizing-hormone release and human androgen receptor adhesion inhibitor, were assessed in 80 patients with benign prostatic hyperplasia (BPH) in a double-blind, placebo-controlled study. Patients were randomized to DMPA 150 mg single-dose intramuscular injection or placebo in a similar fashion. The following changes were seen with DMPA after 3 months (duration of DMPA effect): (1) serum testosterone reached castration levels within 3 days as compared to no changes in the placebo group; (2) the prostate volume was reduced by 25% compared to a 3% decrease with placebo (p < 0.001); (3) maximum urinary-flow rates increased by 3.7 ml/s compared to placebo (p < 0.001); (4) total urinary symptom scores decreased by 4.9 points compared to a nonsignificant decrease with placebo (p < 0.005). There was a 2.5-point decrease in irritative symptoms (urinary frequency, nocturia and urgency) as compared to a nonsignificant decrease with placebo (p < 0.005). After 3 months, the urinary symptoms and urodynamic changes were reversed but significantly greater than the baseline values (p < 0.001). The prostates showed regrowth to the initial sizes within 18-36 weeks. DMPA was better tolerated, except for a higher incidence of impotence, decreased libido and ejaculatory disorders, than in the placebo group. The quality of life is improved with DMPA since it did not produce hot flashes. It was concluded that single-dose DMPA 150 mg is a safe and effective treatment for prostatic obstruction where potency is a secondary consideration.(Is there also an anti-estrogen effect?  How about cheap progesterone—better action with fewer negative effects?-HHL)

Pecherskii AV, Semiglazov VF, Komiakov BK, Guliev BG, Gorelov AI, Novikov AI, Pecherskii VI, Simonov NN, Guliaev AV, Samusenko IA. Testosterone production by tumor tissue in partial androgen deficiency in aged men (PADAM) Urologiia. 2005 Sep-Oct;(5):35-9. 

The aim of the study was examination of cause-effect relationships between PADAM, extragonadal production of androgens and high proliferative activity in aged men. The study group included 15 patients aged between 53 and 79 years with prostatic cancer (n = 5), urinary bladder cancer (n = 5) and cancer of the rectum (n = 5). Control samples of tissues of the prostatic gland, urinary bladder and rectum were obtained from dead bodies of men at the age between 18 and 29 years killed in the accidents at the age from 18 to 29 years. Testosterone levels in the tissues of peritumor zone of the prostate, in tumor tissue of patients with cancer of the prostate, urinary bladder and the rectum were higher than in blood serum. In prostatic cancer, testosterone in the tumor tissue was higher than in the tissues of prostatic peritumor zone. The values of Histochemical score AR of the peritumor zone in prostatic cancer patients were higher than those of the control group. It was detected that ER, PR, bcl-2, Ki-67 and p53 in prostatic tissue of young controls were absent while in patients with prostatic cancer these factors were expressed in the peritumor zone. In cancer of the urinary bladder, peritumor zone showed expression of PR, bcl-2, Ki-67 and p53, while no such expression was in the controls. ER, bcl-2, Ki-67 and p53 were registered in the peritumor zone of patients with cancer of the rectum but the controls had neither ER, bcl-2 nor p53 while Ki-67 expression in rectal cancer was higher than in the controls. The results of the study suggest that testosterone production by some tumors and tissues of the peritumor zone accompanied with high proliferative activity and dysregulation of the cell cycle is secondary to PADAM. These changes arise to compensate testicular deficiency and are manifestations of metabolic syndrome (X-syndrome). In this situation immune system fails to utilize all atypical cells.(i.e. the abnormalities in the prostate gland were caused by androgen deficiency—HHL)

Pechersky AV, Mazurov VI, Semiglazov VF, Karpischenko AI, Mikhailichenko VV, Udintsev AV. Androgen administration in middle-aged and ageing men: effects of oral testosterone undecanoate on dihydrotestosterone, oestradiol and prostate volume. Int J Androl. 2002 Apr;25(2):119-25. 

The gradual reduction of plasma testosterone in middle-aged and older men from mid-life onwards coincides paradoxically with the time when there is progressive growth of the prostate, a highly androgen-dependent organ. The growing interest in androgen therapy for older men makes it essential to understand the effects of exogenous testosterone on the non-diseased prostate, yet few studies are available. The present study examined prostate volume, prostate-specific antigen (PSA) and lower urinary tract symptom (IPSS) score in 207 men, aged 40-83 years, presenting with clinical features of age-related androgen deficiency [sexual and/or urinary dysfunction, elevated lutenizing hormone (LH)] who were treated for 6 months with oral testosterone undecanoate (TU). Men were divided into two groups, group 1 (n=92, plasma testosterone levels > 13 nmol/L) were treated with 80 mg daily; group 2 (n=115, plasma testosterone levels < 13 nmol/L) were treated with given 120 mg daily. Before treatment and after 1, 3 and 6 months of treatment, prostate volume was measured by ultrasound and hormones [testosterone, dihydrotestosterone, oestradiol, LH, follicle-stimulating hormone (FSH)] and PSA were measured. Within 1 month of treatment, the elevated blood LH levels were markedly decreased in all men in group 1, as well as most men in group 2. Group 2 was subdivided into men whose LH levels were suppressed (n=95, group 2a) and those whose LH levels did not suppress (n=20, group 2b). Men in group 1 and 2a had marked decreases in prostate volume, PSA and lower urinary tract symptom (IPSS) scores whereas no significant changes were observed in group 2b. Groups 1 and 2a also had more striking suppression of LH, FSH, dihydrotestosterone and oestradiol whereas group 2b had no significant increases in blood testosterone concentrations. These findings suggest that exogenous testosterone in middle-aged and older men with some clinical features of age-related androgen deficiency can retard or reverse prostate growth and that elevated plasma LH may be a useful index of severity of age-related androgen deficiency.(IF LH is elevated it stimulates growth of prostate; testosterone supplementation lowers LH and reduces prostate size.—HHL)
Prehn RT. On the prevention and therapy of prostate cancer by androgen administration. Cancer Res. 1999 Sep 1;59(17):4161-4. 


It has been widely suggested that elevated androgen levels may be critically involved in the genesis of prostate cancer. Despite the dependency of the normal prostate and of most prostatic cancers upon androgens and the fact that tumors can be produced in some rodent models by androgen administration, I will argue that, contrary to prevalent opinion, declining rather than high levels of androgens probably contribute more to human prostate carcinogenesis and that androgen supplementation would probably lower the incidence of the disease. I will also consider the possibility that the growth of androgen-independent prostate cancers might be reduced by the administration of androgens.

Rannikko S, Adlercreutz H. Plasma estradiol, free testosterone, sex hormone binding globulin binding capacity, and prolactin in benign prostatic hyperplasia and prostatic cancer. Prostate. 1983;4(3):223-9. 


The nature of hormonal changes with age and the possible role of these changes in the development of benign prostatic hyperplasia (BPH) and prostatic cancer (PC) were studied by assaying the plasma levels of total and free testosterone (T), estradiol (E2), prolactin, and sex hormone binding globulin binding capacity (SHBG) in 20 normal healthy men aged 40-59 years, in 30 patients with BPH aged 63-79 years, and in 30 patients with PC of similar height, weight, and age as the BPH patients. The mean E2 was highly significantly (P less than 0.0005) lower in the PC patients and in the young controls than in the BPH patients. The mean free T was significantly higher in the young controls than in the BPH patients (P less than 0.025) and PC patients (P less than 0.0005). The PC patients had a slightly lower (P less than 0.05) mean free T and mean E2/free T ratio than the BPH patients. The mean E2/free T ratio was significantly higher in the BPH patients (P less than 0.0005) and in the PC patients (P less than 0.0025) than in the young controls. It seems possible that the observed age-dependent significant increase in plasma estrogen concentration in the BPH patients may act as a protective factor against prostatic cancer.

Rhoden EL, Morgentaler A. Testosterone replacement therapy in hypogonadal men at high risk for prostate cancer: results of 1 year of treatment in men with prostatic intraepithelial neoplasia. J Urol. 2003 Dec;170(6 Pt 1):2348-51. 

PURPOSE: One of the greatest concerns among clinicians regarding testosterone replacement therapy (TRT) is the fear of causing or promoting prostate cancer. We evaluated prostatic changes in hypogonadal men with and without high grade prostatic intraepithelial neoplasia (PIN), which is considered a prostatic precancerous lesion, after 1 year of TRT. MATERIALS AND METHODS: A total of 75 hypogonadal who completed 12 months of TRT were studied. All underwent prostate biopsy prior to initiating treatment. Of the men 55 had benign prostate biopsies (PIN-) and 20 had PIN without frank cancer (PIN+). All men with PIN underwent repeat biopsy to exclude cancer prior to the initiation of testosterone treatment. Prostate specific antigen (PSA), and total and free testosterone were determined prior to treatment and at 1 year. Repeat biopsy was performed for a change noted on digital rectal examination or for a PSA increase of 1 ng/l or greater. RESULTS: PSA was similar at baseline in men with and without PIN (1.49 +/- 1.1 and 1.53 +/- 1.6 ng/dl, p >0.05) and after 12 months of TRT (1.82 +/- 1.1 and 1.78 +/- 1.6 ng/dl, respectively, p >0.05). A slight, similar increase in mean PSA was noted in the PIN- and PIN+ groups (0.25 +/- 0.6 and 0.33 +/- 0.6 ng/dl, p >0.05). One man in the PIN+ group had cancer after biopsy was performed due to abnormal digital rectal examination. Four additional men in the PIN- group and 2 in the PIN+ group underwent re-biopsy for elevated PSA and none had cancer. No differences were noted between the PIN- and PIN+ groups with regard to total and free testosterone at baseline and at 1 year (p = 0.267). CONCLUSIONS: After 1 year of TRT men with PIN do not have a greater increase in PSA or a significantly increased risk of cancer than men without PIN. These results indicate that TRT is not contraindicated in men with a history of PIN.

Ribeiro M, Ruff P, Falkson G. Low serum testosterone and a younger age predict for a poor outcome in metastatic prostate cancer. Am J Clin Oncol. 1997 Dec;20(6):605-8. 


Carcinoma of the prostate gland is one of the most common malignancies in males. This study was undertaken to determine which factors predict the course and outcome of patients treated with first line hormonal manipulation. A total of 144 patients with Stage D2 prostate cancer who received androgen deprivation therapy were studied. Pretreatment parameters analyzed were age, performance status, analgesia usage, concurrent disease, histologic differentiation, hemoglobin, leukocyte and platelet count, serum creatinine, alkaline phosphatase, lactate dehydrogenase, prostate specific antigen, total and prostatic acid phosphatase, serum testosterone, follicle stimulating and luteinizing hormone levels, number of metastatic sites and bone scan grade. Only initial serum testosterone (> 10 nmol/l) had a positive impact on response (p = 0.0304), whereas age older than 60 years had a positive impact on time to progression (16 vs. 11 months, p = 0.0414). Both serum testosterone (26 vs. 20 months, p = 0.003), and age (28 vs. 17 months, p = 0.036) had a significant influence on overall survival. Low testosterone, indicating androgen independence, and a younger age, seem to result in a more aggressive disease and a poorer prognosis in advanced prostate cancer. 

Risbridger GP, Bianco JJ, Ellem SJ, McPherson SJ.  Oestrogens and prostate cancer.  Endocr Relat Cancer. 2003 Jun;10(2):187-91.

Androgens are essential for stimulating normal development, growth and secretory activities of the prostate whereas oestrogens are generally regarded as inhibitors of growth. Evidence for the local synthesis of oestrogens includes the detection of aromatase mRNA and protein in the stroma of human non-malignant tissues and in malignant tissue, where it is detected in epithelial tumour cells. As well, aromatase activity was measured by biochemical assay and protein was detected in prostatic non-malignant and tumour cell lines. Taken together with the identification of direct oestrogenic actions on the prostate, these results suggest that alterations in local oestrogen synthesis may have significant consequences in malignancy of these organs. Genetically modified mouse models were studied in order to evaluate the action of oestrogens alone or in combination with androgens on the prostate gland. Hypogonadal (hpg) mice are deficient in gonadotrophins and androgens but showed direct proliferative responses to oestradiol. The responses were characterised by discrete lobe-specific changes including smooth-muscle regression, fibroblast proliferation, inflammation, and basal epithelial cell proliferation and metaplasia. The aromatase knockout (ArKO) mouse, deficient in oestrogens due to a non-functional aromatase enzyme, developed prostatic hyperplasia during the lifelong exposure to elevated androgens, however, no malignant changes were detected in the prostate at any time. In contrast, combined androgen and oestrogen treatment has been shown to induce prostatic dysplasia and adenocarcinoma. These results demonstrate that malignant changes to the prostate gland are dependent upon both androgenic and oestrogenic responses and that neither hormone alone is sufficient to evoke aberrant patterns of growth, resulting in malignancy.

Schatzl G, Reiter WJ, Thurridl T, Waldmuller J, Roden M, Soregi S, Madersbacher S. Endocrine patterns in patients with benign and malignant prostatic diseases. Prostate. 2000 Aug 1;44(3):219-24.

BACKGROUND: The known importance of the endocrine system, particularly of steroid hormones, for development of the prostate gland and the fact that steroid hormones act as immunmodulators prompted us to compare hypophyseal, adrenal, and gonadal hormones, including cortisol, in patients with benign and malignant prostatic diseases. METHODS: Patients with newly diagnosed, untreated prostate cancer (PC) (n = 75) and, as a control population, those with untreated lower urinary tract symptoms (LUTS) due to benign prostatic hyperplasia (BPH) (n = 159) entered this prospective study. In all patients, the following parameters were obtained by serum analysis: prostate-specific antigen (PSA), human luteinizing hormone (hLH), human follicle-stimulating hormone (hFSH), testosterone, estradiol (E2), cortisol, and dehydroepiandrosterone-sulphate (DHEA-S). Serum samples were collected of fasting patients between 7. 30-10.00 AM. RESULTS: Age was comparable in both groups (PC: 65.6 +/- 7.6 years (mean +/- standard deviation) vs. controls: 64.9 +/- 8. 1 years; P = 0.56). HFSH (PC: 6.6 +/- 3.9 mIU/ml; controls: 8.4 +/- 6.4 mIU/ml; P = 0.04), hLH (PC: 5.3 +/- 4.8mIU/ml; controls: 7.6 +/- 6.2 mIU/ml; P = 0.009), and estradiol (PC: 25.8 +/- 12.7 pg/ml; controls: 32.6 +/- 12.6 pg/ml; P = 0.0003) were significantly lower in PC patients than controls. Cortisol (PC: 16.7 +/- 4.2 microg/dl; controls: 13.5 +/- 4.3 microg/dl; P < 0.0001) was significantly higher in cases. The difference for cortisol and estradiol concentrations between PC patients and controls held true in all life-decades. Serum concentrations for DHEA-S and testosterone were comparable between PC and control patients. In PC patients, none of the endocrine parameters correlated to serum PSA or clinical/pathological stage. CONCLUSIONS: Patients with newly diagnosed, untreated PC yielded significantly higher cortisol and lower estradiol serum concentrations than controls. The known effect of cortisol on the immune status warrants further studies.

Shabsigh R, Crawford ED, Nehra A, Slawin KM. Testosterone therapy in hypogonadal men and potential prostate cancer risk: a systematic review. Int J Impot Res. 2009 Jan-Feb;21(1):9-23. 

This paper provides a systematic review of the literature about prostate cancer risk associated with testosterone therapy for hypogonadism. A comprehensive search of MEDLINE, EMBASE and other resources was conducted to identify articles that highlight occurrences of prostate cancer in men receiving testosterone therapy for hypogonadism treatment. Articles that met study inclusion criteria were assessed for causality between testosterone treatment and prostate cancer, increased prostate-specific antigen or abnormal digital rectal examination findings. Of 197 articles relating to testosterone therapy, 44 met inclusion criteria: 11 placebo-controlled, randomized studies; 29 non-placebo-controlled studies of men with no prostate cancer history; and 4 studies of hypogonadal men with history of prostate cancer. Of studies that met inclusion criteria, none demonstrated that testosterone therapy for hypogonadism increased prostate cancer risk or increased Gleason grade of cancer detected in treated vs untreated men. Testosterone therapy did not have a consistent effect on prostate-specific antigen levels. PMID: 18633357

Sih R, Morley JE , Kaiser FE, et al. Testosterone replacement in older hypogonadal men: a 12-month randomized controlled trial. J Clin Endocrinol Metab 1997: 82: 1661-7.

A decline in testicular function is recognized as a common occurrence in older men. However data are sparse regarding the effects of hypogonadism on age-associated physical and cognitive declines. This study was undertaken to examine the year-long effects of testosterone administration in this patient population. Fifteen hypogonadal men (mean age 68 +/- 6 yr) were randomly assigned to receive a placebo, and 17 hypogonadal men (mean age 65 +/- 7 yr) were randomly assigned to receive testosterone. Hypogonadism was defined as a bioavailable testosterone <60 ng/dL. The men received injections of placebo or 200 mg testosterone cypionate biweekly for 12 months. The main outcomes measured included grip strength, hemoglobin, prostate-specific antigen, leptin, and memory. Testosterone improved bilateral grip strength (P < 0.05 by ANOVA) and increased hemoglobin (P < 0.001 by ANOVA). The men assigned to testosterone had greater decreases in leptin than those assigned to the control group (mean +/- SEM: -2.0 +/- 0.9 ng/dL vs. 0.8 +/- 0.7 ng/dL; P < 0.02). There were no significant changes in prostate-specific antigen or memory. Three subjects receiving placebo and seven subjects receiving testosterone withdrew from the study. Three of those seven withdrew because of an abnormal elevation in hematocrit. Testosterone supplementation improved strength, increased hemoglobin, and lowered leptin levels in older hypogonadal men. Testosterone may have a role in the treatment of frailty in males with hypogonadism; however, older men receiving testosterone must be carefully monitored because of its potential risks.

Slater S, Oliver RT. Testosterone: its role in development of prostate cancer and potential risk from use as hormone replacement therapy. Drugs Aging 2000 Dec;17(6):431-9.

Evidence from studies in patients with prostate cancer of intermittent hormone therapy combined with results from rechallenge of hormone resistant patients with testosterone demonstrate that the majority of prostate cancers retain a similar degree of dependence on male sex hormone milieu as normal prostate cells. Yet there has so far been no conclusive evidence, despite 34 studies, that levels of circulating testosterone in individuals developing prostate cancer are higher than in controls. The aim of this article was to critically evaluate this evidence and seek clues to other mechanisms whereby sex hormones could influence the development of prostate cancer. Additionally, epidemiological data were examined to investigate the interplay between sex hormone levels and environmental factors to help understand the development of prostate cancer and identify a safe way to provide hormone replacement therapy (HRT). Three overviews provide similar evidence that there is no significant difference in mean testosterone levels between patients and controls. However in the most recent review of studies, though there was no difference in means between cases and controls, there was a significant risk (adjusted odds ratio 2.34) for individuals identified by comparing incidence of prostate cancer in men in the upper and lower quartile of testosterone level. This report, taken with epidemiological data demonstrating that prostate cancer risk is increased by early age of onset of sexual activity and multiple nonspecific sexually transmitted diseases (STDs), has led to the hypothesis that the link between sex hormones and prostate cancer is indirect. Those individuals with high testosterone levels were more at risk of acquisition of multiple nonspecific STDs. This promotes transformation of prostate cells and damage to Leydig cells in the testis leading to there being no difference in testosterone compared with controls by the time the tumour is diagnosed. Because of the observed relationship between testosterone and prostate cancer development there has been anxiety about marketing HRT for men. Two observations support the view that the prostate cancer risks from use of testosterone hormone replacement may not be as great as first feared. Firstly, prostate cancers arising in men with low serum testosterone levels are more malignant and frequently nonresponsive to hormones. Secondly, breast cancers diagnosed in women on HRT though increased in number are less malignant possibly because of enhanced sensitivity to hormone therapy, and the situation may prove to be analogous with prostate cancer and testosterone replacement.

Steiner MS, Raghow S. Antiestrogens and selective estrogen receptor modulators reduce prostate cancer risk. World J Urol. 2003 May;21(1):31-6. Epub 2003 Feb 14. 

The development of chemoprevention strategies against prostate cancer would have the greatest overall impact both medically and economically against prostate cancer. Estrogens are required for prostate carcinogenesis. Estrogenic stimulation through estrogen receptor alpha in a milieu of decreasing androgens contributes significantly to the genesis of benign prostatic hyperplasia, prostate dysplasia, and prostate cancer. The ability of antiestrogens and selective estrogen receptor modulators (SERMs) to delay and to suppress prostate carcinogenesis is supported by preclinical, clinical, and epidemiological studies. SERMs have many features that make them attractive candidates for prostate cancer chemoprevention including their favorable safety profile and efficacy in preclinical prostate cancer models. The true clinical benefits of SERMs for chemoprevention to prevent prostate cancer, however, should continue to be investigated through human clinical trials. A phase IIb/III human clinical trial is currently evaluating safety and efficacy of toremifene, a SERM, in men who have high-grade prostatic intraepithelial neoplasia.

Suzuki K, Takezawa Y, Suzuki T, Honma S, Yamanaka H. Synergistic effects of estrogen with androgen on the prostate--effects of estrogen on the prostate of androgen-administered rats and 5-alpha-reductase activity. Prostate. 1994 Oct;25(4):169-76. 


To clarify the effects of estrogen on the prostate of androgen-treated rats, we administered estradiol (E2; 0.01 mg/day) to testosterone (T; 1 mg/day)-treated Wistar rats under various conditions. There were three variable factors: the age of the rat, the untreated period after castration, and the presence of testes. Under all conditions, E2 stimulated the growth of the prostate in T-treated rats compared with growth in rats in treated with T only. To analyze the mechanism underlying this enhancement of prostate growth by estrogen, we measured 5-alpha-reductase activity and calculated its kinetic parameters, i.e., both Vmax and Km. The Vmax of the nuclear fraction was higher in E2-administered T-treated rats than in T only-treated rats. In contrast, the Vmax of the microsomal fraction was lower in E2-administered rats. Km values in the two groups showed no significant differences. Elevation of the nuclear fraction of 5-alpha-reductase activity could explain the synergistic effects of estrogen on the prostate growth of androgen-treated rats.

Suzuki, K., et al., Endocrine environment of benign prostatic hyper​plasia: prostate size and volume are correlated with serum estrogen concentration, Scandinavian Journal of Urology and Nephrology, 1995; 29: 65-68.

Estrogen plays an important role in the development of benign prostatic hyperplasia (BPH), as has been shown in both experimental and clinical studies. To determine the endocrine environment of BPH, serum total testosterone (Total-T), free testosterone (Free-T), and estradiol (E2) concentrations were measured, and the relationship between these levels and prostate size and volume was analyzed. Blood samples were collected from subjects who attended the mass screening for prostate disease performed by our institute. No significant correlations were found between Total-T levels, Free-T levels, and prostate size, as determined by digital rectal examination. However, E2 levels and the ratios for E2 levels and the ratios for E2/Total-T and E2/Free-T were significantly correlated with prostate size. To confirm these relationships, prostate volume was calculated from transrectal ultrasonographic images. E2 levels and these two ratios were, indeed, highly correlated with prostate volume. These results suggest that an estrogen-dominant environment plays an important role in the development of BPH.

Tan SY, Antonipillai I, Murphy BE. Inhibition of testosterone metabolism in the human prostate. J Clin Endocrinol Metab. 1974 Nov;39(5):936-41. 


PIP: The conversion of carbon-14-testosterone (T) to 5alpha-dihydrotestosterone (DHT) and androstanediol (A-diol) was studied in vitro using a crude homogenate of prostate from patients with benign prostatic hypertrophy. Under standard conditions, the mean conversion to DHT was 70 + or -1 (standare error, SE)% and to A-diol 14 + or -1 (SE)%. Addition of various antiandrogens and other substances decreased the T to DHT conversion to 0-55% and the T to A-diol to 0-10%. The most potent inhibitors were desoxycorticosterone and progesterone. Estradiol-17beta, cyproterone acetate, medrogestone, medroxyprogesterone acetate, estriol and 4'-nitro-3'trifluoromethylisobutyramilide were also effective inhibotors. To determine whether this effect might be significant in vivo, similar conversion studies were carried out on prostatic tissue obtained from 3 patients who had received oral medrogestone for 1-2 weeks. T to DHT was reduced to 12.2 + or -2.8 (SE)% and T to A-diol to 6.5 + or -1.0 (SE)%. The ability of such compounds to inhibit DHT formation represents 1 mode of action which may account at least in part for their efficacy in the treatment of benign prostatic hypertrophy.

Vatten LJ, Ursin G, Ross RK, Stanczyk FZ, Lobo RA, Harvei S, Jellum E.  Androgens in serum and the risk of prostate cancer: a nested case-control study from the Janus serum bank in Norway. Cancer Epidemiol Biomarkers Prev. 1997 Nov;6(11):967-9. 


We tested the hypothesis that serum levels of testosterone (T), dihydrotestosterone (DHT), and the DHT metabolite 3 alpha,17 beta-androstanediol glucuronide are positively associated with the risk of prostate cancer. This nested case-control study was based on the cohort of men who donated blood to the Janus serum bank at Oslo University Hospital (Oslo, Norway) between 1973 and 1994. Cancer incidence was ascertained through linkage with the Norwegian Cancer Registry. The study included sera from 59 men who developed prostate cancer (cases) subsequent to blood donation and 180 men who were free of any diagnosed cancer (controls) in 1994 and were of similar age (+/- 1 year) and had similar blood storage time (+/- 6 months) to the cases. Neither T, DHT, nor the ratio T:DHT was associated with risk of developing prostate cancer. Compared to the bottom quartile, the odds ratio (OR) associated with the top quartile of T was 0.83 [95% confidence interval (CI), 0.36-1.93]; the OR for the top (compared to the bottom) quartile of DHT was 0.83 (95% CI, 0.36-1.94), and the equivalent OR for T:DHT was 1.31 (95% CI, 0.58-2.97). Similarly, 3 alpha,17 beta-androstanediol glucuronide showed no association with prostate cancer risk; the OR for the top (compared to the bottom) quartile was 1.10 (95% CI, 0.41-2.90). These results showed no association, positive or negative, between androgens measured in serum and the subsequent risk of developing prostate cancer. (17% less risk of cancer if your testosterone was high c/w low—HHL)

Yin M, Bastacky S, Chandran U, Becich MJ, Dhir R. Prevalence of incidental prostate cancer in the general population: a study of healthy organ donors. J Urol. 2008 Mar;179(3):892-5; discussion 895. 

PURPOSE: The incidence of prostate cancer has surged dramatically in recent years due to improved cancer screening and detection mechanisms. There has also been significant interest specifically pertaining to the increased incidence of prostate cancer in younger males, which might be due to increased screening. We analyzed our data set of incidental prostate cancer, derived from a project accruing prostate tissues for research from normal organ donors, who are a predominantly white population. MATERIALS AND METHODS: Information about any prior prostate cancer screening in this cohort was not available. In addition, this population had no history of intervention related to benign or malignant prostate disease. The case cohort consisted of 340 prostates harvested for research from organ donors who died suddenly from August 1994 to April 2007. Stroke, motor vehicle accident, homicidal and suicidal gunshot wound to the head, cardiorespiratory arrest and trauma accounted for more than 90% of the causes of death in donors. RESULTS: Evaluation of serially sectioned prostate tissues revealed adenocarcinoma with or without high grade prostate intraepithelial neoplasia in 12% of cases. High grade prostate intraepithelial neoplasia alone occurred in 10.6% of donors. There was an age dependent increase in high grade prostate intraepithelial neoplasia starting from the 4th decade of life. Prostate adenocarcinoma escalated from the 5th decade and thereafter with a 1 in 3 chance of carrying incidental cancer in the 60 to 69-year-old age group and with 46% of 70 to 81-year-old men harboring prostate cancer. CONCLUSIONS: This study provides insight into the prevalence of prostate adenocarcinoma and high grade prostate intraepithelial neoplasia in the general healthy population. Associated issues, such as the age at which to start screening for prostate cancer and donor transmitted malignancy, were also discussed

