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Abstract

We investigated the role of testosterone therapy (TTH) in prostate safety and cancer progression. A cohort of 553 patients, 42 treated and 162 
untreated hypogonadal men, and 349 eugonadal men were included. Pathological analysis of prostate biopsies examining the incidence and severity 
of Prostate Cancer (PCa) revealed that: 16.7% of treated hypogonadal men had a positive biopsy, a Gleason score of ≤6 in 71.4% and >6 in 28.6% of 
men, a predominant score of 3 and tumor staging of II in 85.7% men; 51.9% of untreated hypogonadal men had a positive biopsy, a Gleason score of 
≤6 in 40.5% and >6 in 59.5% men, a predominant score of 3 (77.4%) and tumor staging of II (41.7%) or III (40.5%); 37.8% of eugonadal men had 
a positive biopsy, a Gleason score of ≤6 in 42.4% and >6 in 57.6% of men, a predominant score of 3 (82.6%) and tumor staging of II (44.7%) or III 
(47.7%). The incidence of positive prostate biopsies was lowest in hypogonadal men receiving TTH, with significantly lower severity of PCa in terms 
of staging and grading in the same group. These results suggest that TTH might have a protective effect against high-grade PCa.
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Introduction

Numerous publications have highlighted, in recent decades, the 
decline in total testosterone (TT) concentrations in aging men and 
the consequence this has in a number of medical comorbidities. As 
testosterone controls a number of important functions, deficiency 
or absence of this hormone in combination with the characteristic 
symptoms of hypogonadism [1], such as impaired libido, infertility, 
low muscle mass or decreased bone density has a significant 
impact on quality of life (QoL). Associated comorbidities include:  

 
depression, end-stage renal disease (ESRD), lower urinary tract 
symptoms (LUTS), metabolic syndrome (MS), type 2 diabetes 
mellitus (T2DM), cardiovascular diseases (CVD), and prostate 
cancer (PCa) [1-4]. Together with the recommendation for a healthy 
lifestyle, the primary approach for management of hypogonadism 
is physiological testosterone replacement therapy (TTH).

A number of studies looking at a variety of TTH modalities 
in hypogonadal men, reported in the last 13 years, have proven 
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the effectiveness of TTH in slowing or reversing the unfavorable 
effects related to hypogonadism [5-9,10,11]. Following TTH 
therapy, hypogonadal men reported a general sense of well-being, 
improved sexual parameters (spontaneous morning erections, 
total erections, and ejaculations) and psychological parameters 
for depression, fatigue and anxiety, without any episodes of mood-
swings or emotional instability. Furthermore, patients receiving 
TTH saw beneficial effects on both body composition and lipid 
profiles over time [12-15]. Regardless of its widespread prevalence 
it is estimated that only approximately 5% of men diagnosed with 
hypogonadism are being treated with TTH [16]. This is possibly 
due to increased controversy regarding the implications of TTH 
in CVD and involvement of the androgen receptor (AR) in PCa 
development and progression, and likely a limited number of 
clinical trials assessing long-term safety in a double-blind placebo-
controlled manner.

Despite the known role of the AR in PCa and the historical use of 
androgen deprivation therapy (ADT) for the treatment of patients 
with prostatic carcinoma, an emerging body of evidence suggests 
that low concentrations of testosterone are associated with higher 
grade PCa as well as being predictive of positive margins in post-
radical retro-pubic prostatectomy and higher Gleason scores [17-
27]. Indeed, Haider et al. [28] reported that TTH does not modify 
levels of prostate specific antigen (PSA) and has no direct impact 
on PCa incidence. Furthermore, Shoskes et al. [29] examined the 
outcome of prostate biopsies in hypogonadal men prior to and 
during TTH and concluded that TTH did not cause or promote PCa, 
although for safety reasons men receiving TTH still required regular 
monitoring of PSA. One major study conducted by Muller et al. [30], 
Reduction by Dutasteride of Prostate Cancer Events (REDUCE), 
considered the correlation between testosterone concentrations 
and development of PCa.

In the placebo arm of this trial, 3255 men underwent prostate 
biopsies at 2- and 4-years following study entry, independent of 
PSA levels. Muller et al. [30] concluded that there was no significant 
association between PCa diagnosis and serum testosterone, and that 
at the very highest levels of testosterone a trend towards a reduced 
rate of PCa diagnosis was observed. Cui et al. [31], supported the 
hypothesis that TTH is unrelated to PCa development, in a meta-
analysis of 22 randomized controlled trials (RCTs) in which 2351 
men were followed for either; a maximum of 12 months or between 
12 and 36 months, to determine whether men on TTH were more 
likely to develop PCa. Shabsigh et al. [32] found, following a meta-
analysis of 43 publications, no compelling evidence to suggest that 
TTH causes PCa. In the present study, the incidence and severity of 
PCa, Gleason scores and tumor staging were assessed in prostate 
biopsies from hypogonadal men undergoing TTH and compared 
with biopsies from eugonadal men and untreated hypogonadal 
men.

Methods

This was a cross-sectional, descriptive, prospective study 
conducted between 2008 and 2013 and included 553 patients. 

Mean age at biopsy was 61.3 ± 4.7 (range 46–81) and median PSA 
concentration was 3.7 ± 1.89 μg/ml (0.28–7.23). The incidence 
and severity of PCa was assessed via biopsy in three patient 
groups presenting at our urology clinic: (a) 42 hypogonadal men 
(T ≤ 350 ng/dl) receiving TTH, (b) 162 untreated hypogonadal 
men, with a median pretreatment total T of 7.1 ± 2.3 nmol/l (3.3–
11.7 nmol/l), and (c) 349 eugonadal men. Biopsies were performed 
when indicated and following patient consent, according to the 
European Association of Urology (EAU) guidelines [33]. Subjects 
in all groups had measurements taken twice a year, therefore the 
number of all investigation and biopsy frequency was equal in both 
groups as justified by indications (EAU guidelines). All biopsies 
were analyzed pathologically, at the Pathology Institute, University 
Hospital Hamburg by the team of Prof G Sautter. Specimens were 
assigned a Gleason score (graded as ≤6 or >6), based on the 
presence and location of cancer cells in the prostate, and a tumor 
stage (graded between I and IV), using the TNM system which 
identifies size and spread of the cancer (T), lymph nodes (N), and 
metastasis (M). Results are presented as proportion of patients 
from each group, hypogonadal untreated, hypogonadal undergoing 
TTH and eugonadal men, which have been assigned a specific 
diagnosis.

Statistical analysis

Statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS) v0.11 for Windows software 
package (SPSS Inc., Chicago, IL). Methods of statistical description 
included the Z-test for proportion and the student t-test, in order 
to determine statistical significance. The difference of the obtained 
values was considered to be significant when p < 0.05, and highly 
significant when p < 0.01.

Results

From a total of 204 hypogonadal patients, 42 received TTH 
of which seven (16.7%) presented with a positive biopsy for PCa. 
Of 162 untreated hypogonadal men, 84 (51.9%) presented with a 
positive biopsy for PCa. Of the 349 eugonadal men, 132 (37.8%) had 
a positive biopsy for PCa (p < 0.001) (Figure 1). In the hypogonadal 
group undergoing testosterone treatment five out of seven patients 
had a Gleason score ≤6 (71.4%) (Figure 2) and 2 a Gleason score 
>6 (28.6%) (Figure 3). More specifically, these patients presented 
with a predominant Gleason score of 3 with only two patients 
presenting a non-dominant Gleason score of 4. In the untreated 
group of hypogonadal men, from the 84 patients diagnosed with 
PCa, 34 had a Gleason score ≤6 (40.5%) with p < 0.001 (Figure 2) 
and 50 had a Gleason score >6 (59.5%) with p < 0.001 (Figure 3). 
The predominant Gleason score in the untreated hypogonadal men 
group was 3 in 65 (77.4%) (Figure 4), 4 in 17 (20.2%) (Figure 5), 
and 5 in 2 (2.4%) (Figure 6) men.

In the group of eugonadal men, out of 132 men diagnosed with 
PCa, 56 had a Gleason score ≤6 (42.4%) (Figure 2) and 76 had a 
Gleason score >6 (57.6%) (Figure 3). The predominant Gleason 
score in the eugonadal men group was 3 in 109 (82.6%) (Figure 4), 
4 in 22 (16.7%) (Figure 5) and 5 in 1 (0.8%) (Figure 6) men with 
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high statistical significance p < 0.001. Tumor stages were assigned 
to all biopsies that tested positive for PCa in all three groups of men. 
In the group of hypogonadal men undergoing TTH, the tumor stage 
was II in 6/7 (85.7%) (Figure 7) men and II–III in 1/7 (14.3%) 
(Figure 8) men with no stage III or IV biopsies. In the group of 

untreated hypogonadal men, tumor stage was II in 35/84 (41.7%) 
(Figure 7) men, II–III in 10/84 (11.9%) (Figure 8) men, III in 34/84 
(40.5%) (Figure 9) men, and IV in 5/84 (6.0%) (Figure 10) men. In 
the eugonadal men group, tumor stage was II in 59/132 (44.7%) 
(Figure 7) men, II–III in 6/132 (4.5%).

Figure 1: Proportion of men diagnosed with prostate cancer (%). p < 0.0001.

Figure 2: Proportion of patients with Gleason score ≤6 (%).
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Figure 4: Proportion of patients with a predominant Gleason score of 3 (%). p < 0.001.

Figure 3: Proportion of patients with Gleason score >6 (%). p < 0.001.
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Figure 5: Proportion of patients with a predominant Gleason score of 4 (%). p < 0.001.

Figure 6: Proportion of patients with a predominant Gleason score of 5 (%). p < 0.0001.
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Figure 7: Proportion of patients with tumor stage II (%). p < 0.001.

Figure 8: Proportion of patients with tumor stages II–III (%). p < 0.001.
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Figure 9: Proportion of patients with tumor stage III (%). p < 0.001.

Figure 10: Proportion of patients with tumor stage IV (%). p < 0.001.
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Discussion

The association between TTH, hypogonadism and PCa has 
been a subject of intense controversy over the years, due to the 
known role of the AR in the development of prostatic carcinoma 
and the success of ADT in treating patients with PCa. This led to the 
initiation of guidelines indicating caution when treating men at risk 
of PCa or men that have previously undergone PCa treatment before 
being cleared from the risk of recurrence. The results reported in 
the present study, however, demonstrate for the first time that TTH 
may be protective against high-grade PCa in hypogonadal men. 
Furthermore, these data provide additional evidence, contributing 
to the number of existing trials in hypogonadal patients undergoing 
TTH, which report no higher risk of PCa than in the general 
population [34-36]. Several guidelines recommend against 
initiating TTH in patients that are at high risk of developing PCa 
and in previously diagnosed or symptomatic patients, only after a 
prudent interval has passed with no evidence of recurrent disease 
following successful PCa treatment.

These same guidelines advise that a high risk of developing PCa 
should be a contraindication against using TTH [37]. Indeed, the 
landmark study reported by Huggins et al. [38], over 70 years ago 
suggested that suppression of testosterone levels leads to regression 
of PCa, and ever since, practice has been to reduce androgen 
levels in the blood to castrate values in men with metastatic PCa 
and ultimately reduce cancer progression. Indeed, most prostate 
cells require testosterone for growth, and therefore TTH is not 
recommended in patients with or at risk of PCa, however, emerging 
evidence now exists which supports the so called “saturation 
hypothesis” which states that prostate cells require low serum 
testosterone concentrations for a maximal receptor engagement 
and thus receptor saturation will not promote PCa growth [39,40]. 
Despite these guidelines, numerous studies fail to report compelling 
evidence that TTH, in hypogonadal men, increases the risk of PCa 
above that observed in the general population [41].

In contrast, a number of studies have hypothesized that 
untreated hypogonadal men have an increased risk of developing 
PCa, when compared to treated hypogonadal and eugonadal men 
[42-44]. Results from the present study support these data, as 
biopsies obtained from 553 men and histological analysis revealed 
that only 16.7% of hypogonadal men undergoing TTH group were 
positive for PCa, compared to 51.9% in the untreated hypogonadal 
men group and 37.8% in the eugonadal men group. Furthermore, 
the observations from this study could indicate a somewhat 
protective mechanism in those hypogonadal men undergoing 
TTH, which would explain why none of the biopsies had advanced 
cell architectural changes. Tumor stage was also investigated 
in the three cohorts of patients found positive for PCa. Like the 
observations reported for the Gleason scores, tumor stages were 
lowest in hypogonadal patients receiving TTH, thus suggesting a 
protective effect against tumor progression.

Recent studies support these findings, one of which was a 
retrospective study with up to 20-year follow-up, suggesting no 
increased risk of PCa in hypogonadal men undergoing TTH [22,35]. 

However, inconsistent results exist with regards to testosterone 
concentrations and Gleason scores, with some studies reporting 
higher Gleason scores in men with highest baseline testosterone 
concentrations [45], while other studies have reported no 
relationship between testosterone concentrations and Gleason 
scores [46]. Previous studies have reported very heterogeneous 
results regarding the association between TT concentrations and 
the extent of tumor progression in PCa patients. An association 
between low testosterone levels and high grade PCa has previously 
been reported in a number of reports [47-49]. In one of the larger 
studies performed to date, Lane et al. [50] reported that men with 
testosterone concentrations <250 ng/dl had a 2.4-fold higher 
chance of a Gleason score ≥4 and risk of biochemical recurrence 
compared to men with normal testosterone concentrations.

In a study by Xylinas et al. [51], low testosterone concentrations 
have been associated with higher prevalence of tumors with a 
grade higher than II, while other groups found no correlation 
between testosterone concentrations and cancer progression 
[30,52]. Morgentaler and Rhoden [53] reported in a study of 345 
hypogonadal men, that the risk of positive prostate biopsy increased 
in men with a testosterone concentration ≤250 ng/ml, and this 
was lower in men with a testosterone concentration of ≥250 ng/
ml. In another prospective study, of 206 patients, the incidence of 
PCa was higher in men with low testosterone levels compared to 
men with high testosterone levels [54]. In the first study addressing 
the effects of cumulative dose exposure of testosterone treatment, 
Wallis et al. [55] noted that the risk of PCa in men on TTH did not 
increase with short-term treatment, moreover, they reported a 
reduced risk with prolonged TTH.

The same study revealed that a short duration of TTH was 
associated with increased risk of mortality and CDV events, 
while long-term TTH would lead to reduced mortality and fewer 
CDV events [55]. These findings are mirrored in another long-
term study on patients with hypogonadism and a history of CDV 
diseases, which has indeed revealed that long-term TTH leads to 
an improvement in cardiometabolic function with no additional 
CDV events [56]. Contrary to these data, Park et al. [4] reported 
in a prospective study, using patient biopsies, that testosterone 
deficiency (<300 ng/ml) was an independent risk factor for high-
grade PCa. Once more, these observations may suggest a direct 
correlation between testosterone concentrations and tumor 
progression and metastasis. A limitation of the present study is the 
nature of the registry design. This single-center, open-label study 
was not RCT and therefore may limit the scope of interpretation of 
the presented findings.

However, many of the benefits (and risks) of medicines fall 
outside the bounds of the classical RCT and as such including data 
in such studies, routinely collected in the usual practice of medicine, 
is more reflective of the heterogeneous patients seen in real world 
practice settings. Other limitations include the nature of behavior 
of prostate volume in hypogonadal patients. It is well known, 
that hypogonadal subjects have smaller glands and we therefore 
expect to observe lower levels of PSA in this cohort [57]. However, 
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increased number of tissue cores taken upon transrectal ultrasound 
guided biopsies (12–14) can help to minimize the expected range of 
error in this respect. Furthermore, it is important to consider that 
secretion of PSA in tumors of untreated hypogonadal men are likely 
to be reduced per tumor volume than that of eugonadal men and 
will therefore have more pathologically aggressive tumors when 
they reach the given PSA-indicated biopsy threshold. Similarly, 
these patients are more likely to undergo biopsy for an abnormal 
digital rectal exam in the context of a normal PSA. These issues 
should be addressed in future studies.

Conclusion

In conclusion, data presented in this study suggest that TTH 
may in fact protect against high-grade PCa and together with 
previous literature support the “saturation theory” whereby at 
higher levels, when all ARs are bound, higher testosterone levels 
will not further stimulate prostate cells. Analysis of biopsies 
from three groups of men, hypogonadal men undergoing TTH, 
untreated hypogonadal men and eugonadal men revealed that the 
incidence of positive prostate biopsies was lowest in hypogonadal 
men receiving TTH, and the severity of PCa in terms of grading 
(Gleason score) and staging (tumor stage) was significantly lower 
in hypogonadal patients receiving TTH compared to observations 
made in the untreated hypogonadal and eugonadal groups. It is well 
accepted that TTH is contraindicated in metastatic PCa; however, 
evidence suggests that TTH is advisable in hypogonadal men that 
have been cured of PCa with surgery. However, large, randomized 
and placebo-controlled trials may be necessary to elucidate the 
impact of TTH on the incidence of PCa in men with chronic low 
testosterone levels.
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