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Abstract: Background: Circulating testosterone remains the main source of androgens, however only 1%-2% 

circulates as free testosterone (fT), hormone active form. To compare the performance of serum fT and total 

testosterone (tT) as predictors of prostate cancer (PCa) detection and aggressiveness. 

Methods: Serum fT (RIA, pg/mL) and tT (LC/MS, ng/dL) were prospectively determined in 3364 consecutive 

men with PCa suspicion scheduled to TRUS guided biopsy. Tumor aggressiveness was assessed by Gleason 

grade (8 to 10) and D´Amico risk (cT3a+ or PSA>20 ng/mL or Gleason 8 to 10). Recodification of fT and tT in 

four groups according to percentile (ptile) distribution were done. tT/1 (min to 10 ptile): 62-291 ng/dl, tT/2 
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(ptile 10.1 to 50): 291,1 to 451 ng/dl, tT/3 (ptile 50.1 to 90): 451,1 to 676 ng/dl, and tT/4 (ptile 90.1 to max): 

676.1 to  1440 ng/dl. fT/1: 0,1 to 0,85, fT/2: 0,86 to 5.20, fT/3: 5,21 to 9.65, and fT/4: 9.66 to 18 pg/ml.  

Results: PCa detection rates were for tT/1: 43.8%, tT/2: 40.6%, tT/3: 35.6%, and tT/4: 31.7%, p=0.0001. For 

fT/1: 48.0%, fT/2: 41.0%, fT/3: 34.8%, and fT/4: 28.6%, p=0.0001. Logistic regression analysis shown fT and 

tT as independent predictors of PCa detection, respectively OR= 0.857 (95%CI: 0.769-0.956), p= 0.006, and 

OR= 0.792 (95%CI: 0.709-0.883), p=0.0001.  

Conclusions:  Serum fT and tT were independent predictors of PCa detection. fT has better performance than tT 

to predict the PCa risk, but none of them were related to tumor aggressiveness.  

Impact: Free testosterone could compose a nomogram to improve PCa detection. 

Keywords: prostate cancer, serum testosterone, free testosterone, prediction, diagnosis. 

 
1. INTRODUCTION 

Prostate cancer (PCa) is the most common cancer in elderly males in Europe. The incidence is highest 

in Northern and Western Europe (> 200 per 100,000), while rates in Eastern and Southern Europe 

have showed a continuous increase [1] . For more than seventy years, it has been widely accepted that 

PCa growth is dependent on serum testosterone concentrations, based on experiments by Huggins et 

al. that castration caused PCa regression, whereas testosterone administration caused more rapid PCa 

growth [2]. Although from an epidemiological point of view, this relationship had been questioned in 

view of the fact that serum testosterone level decreases with age [3], while the prevalence of PCa 

increases substantially. Moreover, an association between circulating androgens and PCa has not been 

clearly confirmed in epidemiologic studies [4, 5]. 

Circulating testosterone remains the main source of androgens for PCa cells. Up to 95% of 

testosterone is produced by the Leydig cells in the testes in response to luteinizing hormone (LH) 

release from the anterior pituitary while the remainder of testosterone is derived from the adrenal 

glands [6]. However, these values largely reflect the concentration of testosterone bound to plasma 

proteins, including sex hormone binding globulin (SHBG) and albumin. About 30%-44% of total 

testosterone (tT) is bound to SHGB and it is considered to be unavailable for androgenic signaling. 

Only about 1%-2% circulates as free testosterone (fT), constituting the active form of the hormone 

able to diffuse into cells and bind to androgen receptors. This theory has been largely accepted as the 

free hormone hypothesis [7]. The remaining testosterone is loosely bound to albumin in a reversible 

fashion and may be biologically available in some tissues [8]. During the last few years some studies 

have reported an association of low serum testosterone levels with an increase in the risk of prostate 

cancer, more aggressive tumors and worse survival rates [9-14]. Most of the articles that failed to find 

a significant association between testosterone and risk of PCa and/or its aggressiveness assumed 

serum tT value as the main representation of the androgenic activity [15-17]. Alternatively, other 

authors have published the relationship of the active form of the hormone and PCa, as calculated fT 

[18-20], bioavailable testosterone (bT) [21] and a few of them using immunoassay determined fT 

[22]. We believe that “determined fT reflects better than tT the concentration of intraprostatic T” is a 

plausible hypothesis. The aim of this study was to compare the performance of serum determined fT 

and tT as predictors of PCa detection risk and tumor aggressiveness in a large cohort of patients 

eligible for transrectal ultrasound (TRUS) prostate biopsy. 

2. PATIENTS AND METHODS 

2.1 Patients 

We prospectively determined serum tT and fT levels in 3364 consecutive men scheduled for a TRUS-

guided biopsy of the prostate performed by an experienced urologist between January 2007 and June 

2014. Biopsies were taken using an end-fire ultrasound transducer (Falcon 2101, B-K Medical Inc., 

Denmark) and an automatic 18-G needle. The criteria for prostate biopsy were an abnormal digital 

rectal examination (DRE) and/or a serum PSA level of > 4.0 ng/mL. Biopsy scheme included 10 cores 

plus 2 to 8 additional cores in the first 2518 procedures according to age and prostatic volume, and 12 

cores thereafter. All biopsy cores were analyzed by an experienced uropathologist.  Patients who were 

receiving LH-releasing hormone analogs, 5-ARI, testosterone replacement therapy or had previous 

prostate biopsy were excluded from the analysis. We prospectively recorded age, body mass index 

(BMI), total and free PSA, findings at DRE, prostate volume (PV), biopsy findings, Gleason scores, 
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and clinical stage (TNM 2002). The study was carried out in accordance with the ethical standards of 

the Helsinki Declaration II and approved by our institutional review board. Written informed consent 

was obtained from each patient before any study investigation was carried out. 

2.2 Hormonal assays 

Despite a trend toward aged-related reduction in peak serum testosterone concentration at dawn, all 

patients underwent systematic blood sampling between 7 AM and 10 AM one week before the day of 

the biopsy to assess tT as well as fT levels according to the Endocrine Society's guidelines [23]. 

Serum tT (241-827 ng/dL) was measured using a solid-phase, competitive chemiluminescent enzyme 

immunoassay (LC/MS), using the Immulite 2500 automated analyzer (DPC Inc., Los Angeles, CA, 

USA). Serum fT (8.9-42.5 pg/mL) was measured using an analogue ligand radioimmunoassay (RIA) 

(DPC, Inc., Los Angeles, CA, USA).  

2.3 Study end points 

The primary end points of this study were the PCa detection rate and tumor aggressiveness. Tumor 

aggressiveness was defined as Gleason score [24] of the biopsy (HG: high grade PCa, GS 8 to 10) and 

D´Amico risk classification (HR: high risk PCa, clinical stage cT3a+ or PSA>20 ng/ml or GS 8 to 

10). We defined advanced PCa as local advanced PCa (T3-4), lymph node dissemination (N1-2) or 

metastatic dissemination (M1). 

2.4 Statistical analyses 

Variables such as age, BMI, total PSA and prostate volume were analyzed as continuous variables. 

DRE was analyzed as a categorical variable (normal versus suspicious). To define whether a 

hormonal pattern was related to PCa, recodification of fT and tT in four groups according to 

percentile (ptile) distribution were done. tT/1 (min to 10 ptile): 62-291 ng/dl, tT/2 (ptile 10.1 to 50): 

291.1 to 451 ng/dl, tT/3 (ptile 50.1 to 90): 451.1 to 676 ng/dl, and tT/4 (ptile 90.1 to max): 676.1 to  

1440 ng/dl. fT/1: 0.1 to 0.85, fT/2: 0.86 to 5.20, fT/3: 5.21 to 9.65, and fT/4: 9.66 to 18.0 pg/ml. The 

chi-squared test and the nonparametric Mann-Whitney U-test were used to relate qualitative and 

quantitative variables respectively. In the population study, first a univariate analysis of the clinical, 

biochemical, and hormonal variables related to the presence of PCa was performed. Those variables 

that achieved a statistical significance in the univariate analysis (p < 0.05) were selected for further 

multivariate analysis (binary logistic regression and forward stepwise conditional methods). 

3. RESULTS 

The median age of the 3364 patients was 68 years (range, 46-86), the rate of abnormal DRE was 

20.3% (684), and the median PSA was 7.0 ng/ml (range, 0.6 to 1754). The overall PCa detection rate 

was 38.0% (1280). The median of serum tT and ft concentration was 451 ng/dL and 5.2 pg/dL 

respectively. 86.7% of PCa diagnosed patients were organ confined ate diagnosis (T1-2 N0 M0) while 

10.6% were locally advanced stage (T3-4 N0-2 M0). Only 2.7% of the cohort had metastasis at 

diagnosis.  High-grade disease (Gleason score > 7; n = 331) was found in 25.9% of patients with 

positive biopsy. In addition, 33.2 % of patients with PCa was classified as high risk disease (adapted 

from D´Amico risk: cT3a+ or PSA>20 ng/mL or Gleason score 8 to 10; n = 426). Clinical, 

pathological, biochemical and hormonal data of the entire cohort are presented in table 1. In the 

univariate analysis, variables such as age, total PSA and finding of DRE were positively correlated 

with the presence of PCa while prostate volume, tT and fT had an inverse relation (table 2). BMI was 

not significantly related with PCa (p > 0.05).  

Graphic representation of the distribution of tT and fT levels and the percentiles distribution of the 

population sample are shown in fig. 1. 

Binary logistic regression analysis showed that both tT and fT were independent predictors of PCa 

detection. Low serum levels of tT (OR 0.857, 95%CI 0.769-0.956, p < 0.001) and fT (OR 0.792, 95% 

CI 0.709-0.883), p < 0.001) were significantly associated with PCa risk, as shown in table 3. 

Furthermore, total serum PSA and DRE were significant independent predictors of cancer. 

The PCa detection rate according to tT and fT percentiles distribution is summarized in fig. 2. The 

ROC analysis for serum tT and fT to distinguish between PCa and benign prostatic conditions are 

presented in fig. 3. Considering all patients, the area under the curve (AUC) was higher for fT than for 

tT (0.571 versus 0.541, respectively).  
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The second aim of our study was to analyze the relationship between PCa aggressiveness and 

hormonal pattern. As reported in table 4, serum tT and fT were not statistically significant predictors 

neither of HGS (OR 1.153, 95%CI 0.966-1.376, p = 0.115; OR 0.903, CI95% 0.756-1.080, p = 0.263, 

respectively) nor HR (OR 1.058, 95%CI 0.871-1.284, p = 0.572; OR 1.184, CI95% 0.960-1.459, p = 

0.114, respectively). Age, DRE and PSA were significant predictors of HR disease while age and PSA 

were also predictors of HGS (p < 0.05). 

4. DISCUSSION 

The aim of this study was to define a useful hormonal variable to help in detecting patients at risk of 

PCa. The authors conducted a retrospective study analyzing prostate biopsies from a third level 

health-care center in which a hormonal profile had been determined as part of a clinical protocol. The 

main finds of this study are that tT and fT were correlated with PCa. Those hormone parameters 

appeared to be helpful clinical markers to detect PCa, although this hormonal pattern achieved 

inaccurate results (fig. 3). A meta-analysis that incorporated 18 prospective studies did not find a 

relationship between testosterone, calculated free testosterone, dihydrotestosterone, 

dyhidroepiandrosterone sulfate, androstenedione, androstanediol glucoronide, oestradiol and 

calculated free oestradiol [25]. However, Roddam et al. found an inverse association between SHBG 

and PCa detection and, as reported in other published articles [21], it might suggest a role of the free 

or bioavailable hormone portion in increasing PCa risk [25] . 

Our group has previously analyzed the relationship between hormonal pattern and PCa risk [26-28]. 

To our knowledge, this is the largest prospective, consecutive single center study that has tried to 

identify a hormonal clinical marker, which contributes to PCa detection and prediction of its level of 

aggression. Previously, many studies had reported an association of low serum testosterone levels 

with PCa aggressiveness [9] [10-14]. Most of them failed to find a significant association between 

testosterone and risk of PCa and/or its aggressiveness and assumed serum tT value as the main 

representation of the androgenic activity [15-17, 29-31]. Daniels et al. analyzed a total of 1927 

patients for a mean period of five years. These authors did not find any association between the 

diagnosis of PCa and tT serum levels [16]. As we know, it has been largely accepted that the 

biological activity of a given hormone is affected by its unbound (free) rather than protein-bound 

concentration plasma. Mendel et al. proposed this theory, called The Free Hormonal hypothesis, after 

mathematical and physiological hormonal model tests [7, 8]. Consequently, our group believes that 

determined fT is a better reflector/indicator of the concentration of intraprostatic testosterone than tT. 

Therefore, to study the real relationship between the hormonal pattern of testosterone and PCa, the 

free portion of the hormone must be determined.  

Some authors have published the relationship of the active form of testosterone and PCa [18, 21, 32]. 

Grosman et al. found a positive correlation between the free androgen index (FAI), fT and bT and 

PCa in a cohort of 150 men scheduled for prostate biopsy [18]. Similarly, García-Cruz et al. studied 

1000 men and found that calculated fT (using Vermeulen’s formula) and bT were significantly 

associated with PCa detection [21]. To provide further support, Leon et al recently published that 

estimated fT and bT were significantly linked with high-grade PCa [20]. In contrast, there are 

published studies that have failed to achieve an association between estimated fT or bT and PCa [33-

35]. In this present study, in order to verify the real relationship with PCa, determined fT (RIA) was 

incorporated into the clinical protocol evaluation, which is a more accurate method to represent the 

free androgen profile. It is well known that calculated fT is highly dependent on the accuracy and 

sensitivity of the tT and SHBG assays and that the FAI is no longer recommended due to poor 

correlation with reference methods in men [36]. Our results demonstrated that patients with low levels 

of determined fT and tT had an increased PCa risk as both were independent predictors of PCa 

detection. Furthermore, fT seems to be a better PCa detection marker than tT due to the fact that it has 

achieved a better performance with a more powerful trend: more PCa detection, less fT levels and it 

demonstrated more intense PCa rates changes inter percentiles groups (fig. 3, table 3). Rivera et al. 

published the results of a biopsies sample analysis showing that the average values of total and 

determined free testosterone were significantly smaller in patients with PCa [37], which supports the 

findings of our present study. Although, fT and tT serum profile probably have a limited clinical 

application, both tests achieved AUCs < 0.70 corresponding to diagnostic tests with poor accuracy (a 

test that discriminates benign from malignant pathologies will have an AUC of 1, while a unreliable 

test will have an AUC of 0.5) [38]. 
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The second aim of our study was to analyze the relationship of PCa aggressiveness and hormonal 

pattern. It has been hypothesized that PCa in a low testosterone environment may dedifferentiate and 

subsequently influence more undifferentiated and aggressive tumors given the fact that prostate cells 

grow in an environment lacking one of their most important activators, testosterone, which is reflected 

in higher Gleason score tumors [39]. Our data failed in achieve any association of testosterone, total 

or free portion, and high risk or high-grade tumors. Thus our study contrasts with some of those 

published within the last decade in which low testosterone levels seem to be linked to some aspects 

related to tumor aggressiveness: several studies claim that low testosterone levels might be related to 

poor clinical and pathological outcomes: high risk tumors [40, 41], high grade cancers [22, 42-44], 

advanced stage diseases [9, 45], positive surgical margins [10], worse prognosis and treatment 

response [46]. 

 Published data are sometimes paradoxical. On one hand, testosterone deficiency is related to a poor 

prognosis in PCa while on the other hand, testosterone supplementation does not increase PCa risk. 

Testosterone is converted to the more androgenic DHT (by the action of 5alfa-reductase) within the 

prostate but the proportion of prostate-produced DHT that reaches the serum has not been determined 

and the correlation between tT and fT serum levels and DHT has not been established. Hence, the 

relationship between the concentration of different androgen isoforms in serum and in the prostate is 

unclear and could explain the lack of an association between serum levels and prostate cancer 

aggressiveness. Our study is a daily practice experience and no inclusion or exclusion criteria were 

considered. Regarding blood collection and preservation, our laboratory followed ISA-ISSAM-EAU 

Guideline recommendations. Part of the contradictory results might be explained by these 

methodological differences. 

Our study has some limitations. This pooled analysis relied on the measurement of serum hormone 

levels in only one sample at only one time. These single measurements provide an imperfect estimate 

of a man’s usual hormonal status and can be influenced both by within-person errors and analytical 

errors. Both types of errors are likely to lead to attenuation of the relationship between hormone 

concentration and risk [47]. In addition, prostate cancers develop with aging, so the timing is highly 

relevant. Our results represent a single point biopsy and do not take into consideration the time factor 

in relation to the development of PCa. Another possible limitation of our study is that one biopsy 

outcome was used as the definitive diagnosis of the patient. However, there is still a small chance of 

missing a PCa in this procedure. 

5. FIGURES AND TABLES  

5.1 Figures 

 

Figure1. A. Total testosterone graphic and percentile distribution at the population sample. B. Free 

testosterone graphic and percentile distribution at the population sample. 
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Figure2. PCa detection rate according to total and free testosterone percentiles distribution. 

tT (ng/dL): p 0 - 10 = 0 to 291; p 10.1 – 50 = 292 to 451; p 50.1 – 90 = 452 to 676; p 90.1 – 100 = 677 

to 1500. fT (pg/dL): p 0 - 10 = 0 to 0.850; p 10.1 – 50 = 0.851 to 5.200; p 50.1 – 90 = 5.201 to 9.650; 

p 90.1 – 100 = 9.651 to 20. 

 

Figure3. Receiver operating characteristics (ROC) curve of total testosterone and free testosterone in relation 

of PCa detection. AUC: area under the curve; tT: total testosterone; fT: free testosterone 

5.2 Tables 

Table1. Demographic and clinical data of the population sample. 

Men, no  3364  

Age*, years 68 (46-86) 

PSA*, ng/mL 7 (0.7-1724) 

DRE, positive (%) 684 (20.3) 

PV*, cm3 43.2 (7-159) 

tT*, ng/dL 451 (62-1440) 

fT*, pg/mL 5.2 (0.1-18) 

PCa detection rate, no (%) 1280 (38%) 

Clinical stage, no (%) 

T1-2 N0 M0 1110 (86.7) 

T3-4 N0-2 M0 136 (10.6) 
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T1-4 N0-1 M1 34 (2.7) 

Biopsy Gleason score, no (%) 

6 380 (11.3) 

7 569 (16.9) 

8-10 331 (9.8) 

PCa risk**, no (%) 

Low 272 (21.3) 

Intermedium 582 (45.5) 

High 426 (33.2) 

DRE: digital rectal examination; PV: prostate volume; tT: total testosterone; fT: free testosterone; Pca: 

prostate cancer. 

*quantitative variables are expressed as median (range);  

** PCa risk according to D’Amico classification 

Table2. Demographic and clinical data according to PCa diagnosis 

data PCa No PCa p Value 

Age*, years 69 (48-86) 68 (46-86) < 0.001 

PSA*, ng/mL 7.4 (1.6-1724) 6.9 (0.7-48.6) < 0.001 

DRE, positive (%) 602(17.9) 82 (2.4) < 0.001 

PV*, cm3 37.7 (10-136) 48.7 (7-159) < 0.001 

tT*, ng/dL 434(62-1167) 459.5 (107-1440) < 0.001 

fT*, pg/mL 4.8 (0.1-18) 5.5 (0.1-17.4) < 0.001 

DRE: digital rectal examination; PV: prostate volume; tT: total testosterone; fT: free testosterone; PCa: 

prostate cancer.  

*quantitative variables are expressed as median (range) 

Table3. Binary logistic regression analysis of the PCa risk with percentile distribution of total and free 

testosterone 

variable OR 95%CI p Value 

DRE 19.335 15.002-24.919 < 0.001 

Age, years 1.036 1.024-1.049 < 0.001 

PSA, ng/mL 1.027 1.015-1.039 < 0.001 

fT1/4 0.792 0.709-0.883 < 0.001 

tT1/4 0.857 0.769-0.956 < 0.005 

DRE: digital rectal examination; tT1/4: total testosterone percentiles 0-10/10.1-50/50.1-90/90.1-100; fT1/4: 

free testosterone percentiles 0-10/10.1-50/50.1-90/90.1-100 

OR: odds ratio. CI: confidence interval. 

Table4. Binary logistic regression analysis of the PCa aggressiveness with percentile distribution of total and 

free testosterone 

 High Grade High Risk* 

variable  OR (95%CI) p value OR (95%CI) p value 

DRE  1.085 (0.818-1.439) p = 0.569 1.528 (1.129-2.066) p < 0.006 

Age, years  1.073 (1.050-1.096) p < 0.001 1.090 (1.064-1.116) p < 0.001 

PSA, ng/mL  1.022 (1.016-1.029) p < 0.001 1.181 (1.146-1.217) p < 0.001 

fT1/4 0.903 (0.756-1.080) p = 0.263 1.184 (0.960-1.459) p = 0.114 

tT1/4 1.153 (0.966-1.376) p = 0.115 1.058 (0.871-1.284) p = 0.572 

DRE: digital rectal examination; tT1/4: total testosterone percentiles 0-10/10.1-50/50.1-90/90.1-100; fT1/4: 

free testosterone percentiles 0-10/10.1-50/50.1-90/90.1-100 

* Adaptation of D’Amico risk classification that includes local advanced disease 

OR: odds ratio. CI: confidence interval. 

6. CONCLUSION  

In summary, in the present study we confirm the hypothesis that low testosterone levels increase the 

risk of prostate cancer. Moreover, our data suggest that fT is better correlated with PCa detection 

rather than tT. Although both parameters probably have a limited clinical application due to poor 

accuracy achieved in further analysis. We also failed to confirm that low testosterone levels increase 

tumor aggressiveness. The convenience of serum tT or fT assessment before the decision of PCa 

biopsy remains unclear. 
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