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Original Article

Objective: In this study we evaluated the hormone data before prostate needle biopsy (PNB) in patients who underwent retropubic radical 
prostatectomy (RRP) due to prostate adenocarcinoma (PCa). Correlations between the patients’ RRP pathology results, recurrence-free survival (RFS), 
and hormone data were investigated.
Materials and Methods: Patients were evaluated in two groups according to RRP pathologic T stage: T2 (group 1) and T3 (group 2). Then patients 
were assessed in two groups based on total testosterone (TTE) values: >300 ng/dL and <300 ng/dL. The preoperative data, hormone data, RRP 
pathologic data, and biochemical recurrence and RFS results were compared between these groups.
Results: A total of 81 patients were evaluated. The mean follow-up time was 37.7 months. Mean recurrence free survival (RFS) among all patients 
was 94.2±7 months. In multivariate analysis of the preoperative data, TTE/prostate volume (p=0.015) and PNB tumor percentage (p=0.004) were 
significantly higher in group 2 (n=32) compared to group 1 (n=49). In the postoperative data, RRP pathology Gleason score (GS) (p=0.015) and 
tumor volume (p=0.02) were significantly higher in group 2. RFS was 99.2±5.8 months in group 1 and 77±12.1 months in group 2 (p=0.02). When 
patients were assessed according to TTE levels, of the pre- and postoperative data only RRP pathology T stage, GS, and lymph node positivity were 
significantly higher in the TTE <300 ng/dL group (n=30) compared to the TTE >300 ng/dL group (n=51). The biochemical recurrence rates and RFS 
times (87.7±13.8 months and 91.3±6.4 months, respectively) were similar between the groups (p=0.571).
Conclusion: We demonstrated a correlation between locally invasive PCa and low TTE measured before PNB and low TTE density. In particular, TTE 
values <300 ng/dL were associated with high pathologic T stage, GS, and lymph node positivity.
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Abstract

Introduction 
Several preoperative factors have been investigated and risk 
classifications have been defined in order to predict locally 
invasive disease and gain insight about the prognosis of 
prostate adenocarcinoma (PCa). The most important of these 
is the D’Amico risk classification, which includes prostate-
specific antigen (PSA), prostate needle biopsy (PNB), Gleason 
score (GS), and clinical stage (1,2,3). However, some argue 

that this classification is inadequate. Of the other parameters 
studied, findings of perineural invasion (PNI), number of positive 
biopsy cores, and tumor percentage in PNB are also important 
(4,5). Numerous studies have investigated the association 
between locally advanced disease and pre-treatment levels 
of free testosterone (fTE), estradiol (EST), follicle-stimulating 
hormone (FSH), luteinizing hormone (LH), and especially total 
testosterone (TTE) (4,6,7,8,9,10).
Therefore, in this study we evaluated patients who underwent 
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retropubic radical prostatectomy (RRP) in our clinic due to 
PCa and had pre-PNB hormone data. We investigated the 
relationship between the patients’ hormone data and their RRP 
pathology results and survival outcomes.

Materials and Methods 
Patients who underwent RRP in our clinic between 2005 and 
2015 and had complete PNB and RRP pathology records were 
retrospectively screened. Of these, patients whose records 
included pre-PNB hormone tests were included in the study. 
The patients were evaluated in terms of age, PSA, free PSA, PSA 
density (PSAd), PNB pathology results (GS, number of positive 
biopsy cores, tumor percentage, and PNI positivity), prostate 
volume (PV), clinical stage, RRP pathology results (pathologic 
T stage, GS, tertiary Gleason pattern, tumor volume, surgical 
margin positivity, and lymph node positivity), biochemical 
recurrence rates, and recurrence-free survival time. Analysis of 
hormone data included TTE, fTE, LH, FSH, and EST values. PSAd 
(PSA/PV), fPSA/PSA, TTE/PV, fTE/TTE, TTE/LH, FSH/LH, TTE/FSH, 
and TTE/EST ratios were calculated from the available data. 
Patients were evaluated in two groups based on RRP pathology 
T stage. Group 1 comprised patients with pathological T2 PCa 
and group 2 comprised those with pathological T3 PCa. Group 
2 was further subdivided into pathological T3a (pT3a) and 
pathological T3b (pT3b) for separate analysis. All data were 
compared between group 1 and group 2. In a second analysis, 
patients were divided into two groups based on TTE value 
(>300 ng/dL and <300 ng/dL). The groups were compared 
in terms of preoperative data, hormone data, RRP pathology 
results, biochemical recurrence, and survival rates.

Statistical Analysis
The Mann-Whitney U test and Pearson’s χ2 test were used both 
for comparisons between groups 1 and 2 and between the TTE 
<300 ng/dL and <300 ng/dL groups. Significant parameters 
were then used in multivariate binary logistic regression analysis. 
Recurrence-free survival times were assessed using the Kaplan-
Meier survival analysis. The Statistical Package for the Social 
Sciences (SPSS version 20.0; SPSS, Chicago, IL, USA) was used for 
statistical analyses. The data are expressed as mean and standard 
deviation and statistical analysis is based on median values. Values 
with a p value of <0.05 were considered significant.

Results
Of the 381 patients whose PNB and RRP pathology results 
were screened, 81 with available hormone test results were 
retrospectively evaluated. Their mean age was 62.8 (48-76.5) 
years and the mean follow-up period was 37.7 months. Forty-nine 
of the patients were in group 1 and 32 were in group 2. In group 
2, 24 patients were pT3a, 8 were pT3b. Biochemical recurrence 
was detected in a total of 13 patients. Patient data from groups 
1 and 2 are shown in Table 1. Preoperatively, group 2 had higher 
age, PSA, PNB GS, PNI positivity, number of positive biopsy cores, 
and tumor percentage values, and lower TTE level and TTE/
PV ratio compared to group 1 (p<0.05). In the postoperative 
data, group 2 also showed higher values for RRP pathology 
GS, tertiary Gleason pattern, tumor volume, surgical margin 
positivity, lymph node positivity, and biochemical recurrence 
rates (p<0.05). In multivariate analysis of the preoperative data, 

only TTE/PV (p=0.015) and PNB tumor percentage (p=0.004) 
were significantly higher in group 2. Postoperatively, only the 
RRP pathology GS (p=0.015) and tumor volume (p=0.02) 
were significantly higher in group 2. The mean recurrence-free 
survival time among all patients was 94.2±7 months. By group, 
recurrence-free survival time was 99.2±5.8 months in group 1 
and 77±12.1 months in group 2 (p=0.02).
In the second analysis, patient data were compared between 
the TTE >300 ng/dL and <300 ng/dL groups. Data distributions 
and the results of statistical analyses are presented in Tables 2 
and 3. There were 30 patients in the TTE <300 ng/dL group 
and 51 patients in the TTE >300 ng/dL group. There were 
no significant differences between the groups other than 
preoperative TTE level (Table 2). In the postoperative data, 
RRP pathology T stage, GS, and lymph node positivity were 
higher in the TTE <300 ng/dL group (Table 3). Biochemical 
recurrence rates and recurrence-free survival time were similar 
between the groups. In the multivariate analysis, postoperative 
RRP pathology T stage and GS were lower in the TTE <300 ng/
dL group, but the difference was not statistically significant 
(p=0.054 and p=0.052, respectively). Recurrence-free survival 
time was 87.7±13.8 months in the TTE <300 ng/dL group and 
91.3±6.4 months in the TTE >300 ng/dL group (p=0.571).

Discussion

Although the link between TTE level and PCa has been 
recognized since Huggins et al.’s (11) 1941 study, it has 
recently gained a different dimension. Several recent studies 
have supported a negative correlation between low TTE 
level and PCa (12,13,14). One hypothesis regarding the 
pathophysiology of this relation suggests that the tumor 
reduces TTE level by causing inhibition of the hypothalamic-
pituitary-adrenal axis (15,16). In addition, it has been reported 
that TTE levels normalize in these patients after RRP. However, 
another hypothesis is that low TTE level causes a mutation in 
the development of PCa cells and leads to the development of 
cancer cells that are androgen-insensitive and more aggressive 
(17). In light of these possible mechanisms, the relationship 
between PCa and TTE is worthy of further elucidation. In a 
related study we conducted recently, we evaluated patients 
with similar PSA, clinical stage, and PNB GS data within the 
D’Amico risk groups. In that study, we found that TTE levels 
decreased as risk group increased (TTE levels were 368 ng/dL, 
311 ng/dL, and 221.5 ng/dL in low-risk, moderate-risk, and 
high-risk PCa, respectively; p=0.033) (10). Low TTE level has 
been associated with high T stage and GS after RRP, especially 
in studies assessing the low-risk group (18,19).
When patients were evaluated according to pathological T stage, 
the mean TTE value was found to be 4.33 ng/mL in T2 patients 
and 3.44 ng/mL in T3 patients (20). Many studies have used a TTE 
threshold value of 3 ng/mL (300 ng/dL), and patients with TTE <3 
ng/mL were shown to have higher RRP pathology GS and higher 
rate of T3 cancer (21). In another study, the pre-PNB TTE levels 
of 681 patients were investigated and low TTE (<300 ng/dL) level 
was associated with high-risk PCa (22). In the present study, TTE 
and especially TTE/PV (TTE density) were lower in patients with 
pathological T3 PCa (p<0.05). Similar to previous studies, when 
the TTE threshold was defined as 300 ng/dL, there was significantly 
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higher RRP T stage, GS, and lymph node positivity in the 30 patients 
with TTE <300 ng/dL compared to the 51 patients with TTE 
>300 ng/dL, while biochemical recurrence rates and recurrence-
free survival times were similar between the groups. In a study 
conducted in China, it was reported that a TTE value of <300 ng/
dL is nonprognostic, while a value of <250 ng/dL is associated with 
high GS (23). This finding also demonstrates that the prognostic 
value of TTE may vary according to race. Considering the published 
studies overall, it can be said that a low pre-treatment TTE level is 
associated with a high post-treatment GS and pathological T stage. 
In studies of other hormones, FSH levels in a study including 96 
patients were 11.57 IU/L and 23.67 IU/L in T2 and T3 patients, 
respectively, and FSH elevation in T3 patients was found to be 
significant (8). In another study, it was reported that low TTE 
correlated with high FSH and that both were associated with 
high-grade tumors (24). A study assessing EST level reported no 
significant correlation between EST and locally advanced PCa 
(25). However, our previous EST analysis in a locally advanced PCa 

(T3a and T3b) group revealed significant correlation between 
EST and T3b disease (9). It has been shown that LH level is not a 
significant factor in the prognosis of PCa (9). In the present study, 
we found that hormonal parameters other than TTE, especially 
FSH and EST levels, were not associated with pathological T 
stage. However, considering the results obtained in other studies, 
further research focusing on locally invasive PCa is warranted. 

Study Limitations

The main limitations of our study are the retrospective data 
collection and low number of patients. Another important 
limitation is that since fTE, EST, LH, and FSH data were not 
available in all cases, the statistical analyses did not encompass 
all the patients and was conducted only among patients with 
available data (the number of patients whose records included 
these data and their distribution between the groups are 
presented in the tables). Nevertheless, we believe that the value 
of the available data and the similar patient numbers in the 
groups are important for the study. 

Table 1. Comparison of demographic, clinical, prostate needle biopsy and retropubic radical prostatectomy pathology results of patients 
with post-retropubic radical prostatectomy pathology stage T2 (group 1) and T3 (group 2)

Mean ± SD pT2 (group 1) (n=49) pT3 (group 2) (n=32) p value MV p value

Age (years) 61.2±5.7 65.3±5.9 0.004 -

PSA (ng/mL) 6.9±4.6 10.4±7.4 0.01 0.744

fPSA (ng/mL) 1.2±1.3 1±0.4 0.653 -

PV (cc) 44.3±26.4 41.7±9.8 0.591 -

PSA/PV (PSA density) (cc/ng/mL) 0.19±0.16 0.27±0.21 0.051 -

fPSA/PSA ratio 0.18±0.11 0.14±0.1 0.288 -

TTE (ng/dL) 399.9±152.1 303.2±148.8 0.006 0.351

fTE (ng/dL) (n=73) 10.5±4.3 (n=41) 12.1±16.5 (n=32) 0.054 -

TTE/PV (TTE density) (ng/dL/cc) 12.3±9.2 7.8±4.1 0.01 0.015

fTE/TTE ratio (n=73) 0.03±0.01 (n=41) 0.05±0.08 (n=32) 0.687 -

LH (IU/L) (n=57) 4.3±1.8 (n=25) 5.7±2.8 (n=32) 0.113 -

FSH (IU/L) (n=59) 8.7±9.2 (n=25) 10.2±8.1 (n=34) 0.384 -

EST (pg/mL) (n=57) 31.5±13.5 (n=25) 31.6±15.2 (n=32) 0.912 -

TTE/LH ratio (n=57) 90.2±48.6 (n=25) 67.2±66.9 (n=32) 0.063 -

FSH/LH ratio (n=57) 1.9±1.2 (n=25) 1.7±1 (n=32) 0.542 -

TTE/FSH ratio (n=59) 64±52.7 (n=25) 41±31.2 (n=34) 0.122 -

PNB GS 6.5±0.6 6.9±0.7 0.007 0.431

PNB PNI, n (%) 8 (16) 17 (53) <0.001 0.213

PNB number of positive cores 2.2±1.7 3.3±2 0.007 0.289

PNB tumor percentage 22.4±23.6 52.7±30.5 <0.001 0.004

RRP GS 6.6±0.5 7.5±0.9 <0.001 0.015

Tertiary Gleason pattern 4.5±0.5 4.9±0.3 0.045 -

Tumor volume (cc) 1.4±1.7 3.8±4.3 0.001 0.02

Surgical margin positivity, n (%) 6 (12.2) 13 (40.6) 0.003 0.067

Lymph node positivity, n (%) 0 (0) 3 (9.4) 0.016 -

Biochemical recurrence, n (%) 3 (6.1) 10 (31.2) 0.002 0.074

Recurrence-free survival (months) 99.2±5.8 77±12.1 0.02 -

PSA: Prostate specific antigen, fPSA: Free prostate specific antigen, PV: Prostate volume, TTE: Total testosterone, fTE: Free testosterone, LH: Luteinizing hormone,  
FSH: Follicle-stimulating hormone, EST: Estradiol, PNB: Prostate needle biopsy, PNI: Perineural invasion, GS: Gleason score, pT2: Patological T2 stage, pT3: Patological T3 
stage, MV: Multivariate analysis
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Table 2. Comparison of demographic, clinical, and pathologic data of patients with total testosterone <300 ng/dL and total testosterone 
>300 ng/dL

Mean values TTE <300 ng/dL (n=30) TTE >300 ng/dL (n=51) p value

Age (years) 63.2±6.6 62.6±5.7 0.618

PSA (ng/mL) 9.6±7.1 7.5±5.3 0.148

fPSA (ng/mL) 1.1±0.6 1.2±1.2 0.436

PV (cc) 49.9±28.2 39.4±15.2 0.056

PSA/PV (PSA density) (cc/ng/mL) 0.22±0.2 0.22±0.18 0.822

fPSA/PSA ratio 0.19±0.12 0.17±0.11 0.635

TTE (ng/dL) 212.5±67.2 449.4±125.4 <0.001

fTE (ng/dL) (n=73) 9.2±9.2 (n=27) 12.2±11.3 (n=46) 0.004

TTE/PV (TTE density) 5.1±2.8 13.7±8.2 <0.001

fTE/TTE ratio (n=73) 0.05±0.07 (n=27) 0.03±0.03 (n=46) 0.002

LH (IU/L) (n=57) 5.6±2.7 (n=24) 4.2±1.9 (n=33) 0.075

FSH (IU/L) (n=59) 10.1±7.8 (n=25) 8.7±9.6 (n=34) 0.312

EST (pg/mL) (n=57) 30.1±11.7 (n=24) 33±16.4 (n=33) 0.937

TTE/LH ratio (n=57) 43.2±25.9 (n=24) 118.6±57.7 (n=33) <0.001

FSH/LH ratio (n=57) 1.7±0.7 (n=24) 2±1.3 (n=33) 0.649

TTE/FSH ratio (n=59) 30.5±25.5 (n=25) 76.3±48.7 (n=34) <0.001

Clinical grade (rectal examination), n (%) T1c-T2a 24 (80) 48 (94.1) 0.134

T2b 3 (10) 2 (3.9)

≥T2c 3 (10) 1 (2)

PNB GS 6.8±0.7 6.6±0.6 0.087

PNB PNI, n (%) 12 (40) 13 (25.5) 0.172

PNB number of positive cores 2.7±1.9 2.6±1.9 0.615

PNB tumor percentage 41.2±32.3 30.4±28.6 0.133

D’Amico risk classification, n (%) Low-risk 6 (20) 22 (43.1) 0.059

Moderate-risk 19 (63.3) 26 (51)

High-risk 5 (16.7) 3 (5.9)

PSA: Prostate specific antigen, fPSA: Free prostate spesific antigen, PV: Prostate volume, TTE: Total testosterone, fTE: Free testosterone,  
LH: Luteinizing hormone, FSH: Follicle-stimulating hormone, EST: Estradiol, PNB: Prostate needle biopsy, PNI: Perineural invasion, GS: Gleason score

Table 3. Comparison of the clinical data and retropubic radical prostatectomy pathology results of patients with total testosterone <300 ng/
dL and total testosterone >300 ng/dL

Mean values TTE <300 ng/dL (n=30) TTE >300 ng/dL (n=51) p value

RRP pathological T stage, n (%) pT2 13 (43.3) 36 (70.6) 0.015

pT3 17 (56.7) 15 (29.4)

Locally invasive T stage, n (%) pT3a 14 (82.4) 10 (66.7) 0.306

pT3b 3 (17.6) 5 (33.3)

RRP GS 7.3±0.9 6.8±0.7 0.013

RRP tertiary Gleason pattern 4.9±0.3 4.6±0.5 0.2

Lymph node positivity, n (%) 3 (10) 0 (0) 0.021

Surgical margin positivity, n (%) 9 (30) 10 (19.6) 0.286

Tumor volume (cc) 2.3±2.9 2.3±3.4 0.607

Grade increase, n (%) 15 (50) 18 (35.3) 0.193

Stage increase, n (%) 14 (46.7) 14 (27.5) 0.079

Biochemical recurrence, n (%) 6 (20) 9 (17.6) 0.792

Recurrence-free survival (months) 87.7±13.8 91.3±6.4 0.571

RRP: Retropubic radical prostatectomy, GS: Gleason score, pT2: Patological T2 stage, pT3: Patological T3 stage, pT3a: Patological T3a stage, pT3b: Patological T3b stage
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Conclusion
We showed in this study that low TTE and low TTE density 
detected in pre-PNB hormone tests are associated with post-
RRP locally invasive PCa. In particular, TTE value <30 ng/dL was 
associated with higher pathological T stage, GS, and lymph 
node positivity, but low TTE level did not have an effect on 
biochemical recurrence or recurrence-free survival. Prospective 
cohort studies with large patient numbers are needed to clarify 
TTE results and the effects of FSH and EST levels on PCa.
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