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The Prostate Saturation Point after Testosterone
Replacement Therapy in Testosterone Deficiency Patient

Natdanai Sakonponwasin MD?, Kun Sirisopana MD?, Chinnakhet Ketsuwan MD?, Wisoot Khongcharoensombat MD?,
Charoen Leenanupunth MD?, Premsant Sangkum MD*

* Division of Urology, Department of Surgery, Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

Background: The effect of testosterone on the prostate gland is an unresolved question. The prostate saturation model is a recent hypothesis
explaining that the stimulation of prostate tissue by testosterone is limited to a certain level of testosterone due to the limited number of androgen
receptors. However, data from the Thai patients related to this issue are still lacking and need to be explored.

Objective: To investigate prostate changes after testosterone replacement therapy (TRT).

Materials and Methods: A retrospective study including testosterone-deficient patients who had TRT between 2011 and 2017 at Ramathibodi
Hospital was conducted. The change in prostate-specific antigen (PSA) levels before and after TRT, or after a 1-year observation, was measured and
analyzed as the primary objective. As a secondary objective, the authors measured and evaluated normal PSA velocity (PSAV) in the patients after TRT.

Results: One hundred eleven testosterone deficient patients were included for analysis. The mean age was 62 years old. The baseline testosterone
level and PSA level at the beginning were 247 ng/dL and 1.16 ng/mL, respectively. After undergoing TRT for one year, the results showed that the
testosterone and the PSA levels were 307 ng/dL and 1.46 ng/mL, respectively. In addition, the subgroup analysis illustrated that patients who
had low baseline testosterone levels such as 247 ng/dL or less, had significant increase of PSA level after treatment. However, when the baseline
testosterone level was more than 247 ng/dL, the PSA levels were steady after treatment. For the secondary-objective results, the PSAV of the
testosterone deficiency patients after TRT was 0.3 ng/mL/year.

Conclusion: The evidence clearly indicates that TRT significantly increased the serum testosterone level. However, it had a limited effect on PSA
change. The present study results supported the hypothesis of the prostate saturation model. The authors believe that a testosterone level of 247
ng/dL can saturate all androgen receptors in the prostate gland and no longer increase prostate stimulation.
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Testosterone replacement therapy (TRT) can
improve testosterone deficiency symptoms including
erectile dysfunction, fatigue, depression, and loss
of libido and muscle mass!¥. In addition, TRT can
also help to improve the symptoms of metabolic
syndrome. However, there is still a contraindication
of TRT for the case of prostate cancer (PCa), despite
large meta-analyses indicating that testosterone does
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not cause PCa or PCa progression®”. In testosterone-
deficient patients, the prostate-specific antigen
(PSA) is recommended to be used for monitoring
prostate changes during TRT, however it may be
one confounding factor to PCa screening and early
detection®'9,

Old clinical trials in men with normal testosterone
levels who received TRT indicated that an increase in
testosterone to supraphysiologic levels did not affect
PSAUL2. A study in PCa patients also showed that
TRT could increase testosterone to physiologic level
but there was no change in PSA or prostate cancer
progression. This can be explained by the prostate
saturation hypothesis!'®.

Testosterone directly stimulates androgen
receptors and regulates the gene for PSA. The effect
of testosterone on the prostate gland is an unresolved
question. The prostate saturation model is a recent
hypothesis explaining that the stimulation of prostate
tissue from testosterone is limited to a certain level of
testosterone due to the limited number of androgen
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receptors. Furthermore, the prostate saturation theory
suggests that PSA and prostate tissue growth are
sensitive to changes only when serum testosterone
levels are low, when the amount of testosterone is not
high enough to fully bind to all androgen receptors. In
the present case, the prostate shrinks, and PSA levels
decrease in hypogonadal men. Conversely, when
testosterone serum levels increase to normal levels,
all available androgen receptors are saturated by the
testosterone. Consequently, further increases in the
serum testosterone level have no effect on prostate
size or PSAM*'9, This is one of the most relevant
hypotheses for explaining the correlation between
TRT and prostate changes nowadays.

However, the data in Thai and other Asian
populations related to the above-mentioned issue
are still lacking and need to be explored. Therefore,
the aim of the present study was to determine the
testosterone levels that cause saturation in the prostate
gland and prove the applicability of the prostate
saturation model in Asian populations.

Materials and Methods

The study was conducted in agreement with the
ethical principles of the Declaration of Helsinki and
ethical approval for the research was permitted from
the Institutional Review Board of the Faculty of
Medicine, Ramathibodi Hospital (COA. No. MURA
2018/962). The present research was conducted as a
retrospective study including testosterone-deficient
patients who received TRT between 2011 and 2017
at the Urological Division, Ramathibodi Hospital,
Thailand. The patients were treated with oral
testosterone undecanoate, or testosterone transdermal
gel, or testosterone undecanoate injection based on
patient preference and all included patients must have
had at least one year of follow-up after TRT.

One hundred forty-five patients received TRT
during the present study period. However, only 111
patients were included for analysis, as shown in
Figure 1, while 34 patients were excluded due to one
of the exclusion criteria. These criteria were being
suspected of having PCa from abnormal digital rectal
examination, having a baseline PSA before starting
TRT of more than 4 ng/mL, or having received 5-alpha
reductase inhibitors (SARI).

The primary objectives of the present study were
to prove the prostate saturation model hypothesis, to
identify the testosterone levels that caused saturation
of androgen receptors in the prostate gland, and to
explain the changes in the prostate gland by measuring
PSA before and after TRT. The secondary objective
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Figure 1. Consort diagram demonstrating the study flow.

of the present study was to evaluate normal PSA
velocity (PSAV) or PSA change after TRT, which
could be used as a crude reference during monitoring
patients after TRT.

In terms of statistical analysis, patient
characteristics data were described as a mean and a
standard deviation or median and interquartile range
(IQR) for continuous variables. A paired differences
rate of testosterone and PSA level at time was
analyzed by Wilcoxon signed-rank test to determine
the difference between PSA changed after treatment.
Statistical significance was defined as p-value of less
than 0.05. All statistical analyses were performed
with Stata, version 14 (StataCorp LP, College Station,
TX, USA).

Results
Patient characteristics

One hundred eleven patients were included for
analysis. At the beginning of treatment, the mean
age of the patients was 62 years. The mean body
weight and body mass index was 73 kg and 26 kg/
m?, respectively. Among the patients, 17% had
diabetes mellitus, 28% had essential hypertension,
33% had hypercholesterolemia, 1% had myocardial
infarctions, 3% had metabolic syndromes, and 4% had
cerebrovascular disease. Finally, the median serum
testosterone was 247 ng/dL, and the median serum
PSA was 1.16 ng/mL. Baseline patient characteristics
are shown in Table 1.

Primary objectives

After collecting the data from testosterone
deficiency patients with testosterone therapy, the
testosterone level, and the PSA level at months 3, 6, 9,
and 12, for a one year observation, were then reported
as shown in Table 2. The median testosterone level
was 247 ng/dL at baseline before starting TRT. The
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Table 1. Baseline patient characteristics of the study population

Variable (unit) n=111; n (%)

Age (year); mean+SD 62.72+10.64
Height (cm); mean+SD 166.20+5.76
Weight (kg); mean+SD 73.16x10.91
BMI (kg/m?); mean+SD 26.47+3.69
Diabetes mellitus 17 (15.32)
Essential hypertension 28 (25.23)
Hypercholesterolemia 33(29.73)
Myocardial infarction 1(0.90)
Cerebrovascular disease 4 (3.60)
Metabolic syndrome 4 (3.60)
Type of TRT

Transdermal testosterone gel 57 (51.35)

Oral testosterone undecanoate 40 (36.04)

Intramuscular testosterone undecanoate 14 (12.61)

BMI=body mass index; TRT=testosterone replacement therapy;
SD=standard deviation

Table 2. Testosterone and PSA results before and after treatment

Laboratory results Median (IQR)

Testosterone level (ng/dL) at
Baseline (n=111) 247 (181, 294)

3 months (n=110) 314 (215, 443)

6 months (n=85)
9 months (n=72)
12 months (n=69)
PSA level (ng/mL) at
Baseline (n=108)
3 months (n=93)
6 months (n=75)
9 months (n=69)

12 months (n=62)

270 (203,357)
333 (225,474)
307 (224, 420)

1.16 (0.61, 1.79)
1.27 (0.81,1.91)
1.27 (0.83, 2.24)
1.21(0.77, 1.89)
1.46 (0.92, 2.28)

PSA=prostate-specific antigen; IQR=interquartile range

median testosterone level after treatment increased to
314 at 3 months, 270 at 6 months, 333 at 9 months,
and 307 ng/dL at 12 months. In addition, the median
PSA level was 1.16, 1.27, 1.27, 1.21, and 1.46 ng/
mL at baseline, 3 months, 6 months, 9 months, and
12 months, respectively. All these results are shown
in the Figure 2.

To further explore the testosterone level at the
androgen receptor saturation point, the patients were
divided into two groups according to their baseline
serum testosterone levels, which were 247 ng/dL or
less as the lower group and more than 247 ng/dL as
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Figure 2. The serum testosterone and the PSA level before and
after TRT during 1-year observation.
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Figure 3. Serum testosterone level before and after treatment
in the lower (< 247 ng/dL) and higher (>247 ng/dL) baseline
testosterone level group.
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Figure 4. Serum PSA level before and after treatment in the
lower (< 247 ng/dL) and higher (>247 ng/dL) baseline testos-
terone level group.

the higher group. The median baseline testosterone
levels were 182 and 294 ng/dL in the lower and higher
testosterone group, respectively (Figure 3). Baseline
PSA levels were 1.17 and 1.15 ng/mL in the lower
and higher testosterone group respectively (Figure 4).
Testosterone level significantly increased after
treatment at three months in both groups as shown in
Table 3. In the lower testosterone group, PSA level

1467



Table 3. Summary of the testosterone and PSA changes compare between baseline and 3, 6, 9, and 12 months period in lower and

higher baseline testosterone group

Laboratory results n  Serum testosterone level (ng/dL); median (IQR) p-value n Serum PSA level (ng/mL); median (IQR) p-value
1t visit testosterone <247 56 182 (144, 210) 56 1.17 (0.57,1.91)
3 months 58 278 (188, 383) <0.001 46 1.48 (0.71, 2.47) 0.003
6 months 44 282 (170, 364) <0.001 37 1.54 (0.89, 2.30) 0.001
9 months 44 303 (207, 448) <0.001 41 1.47 (0.77,2.14) 0.010
12 months 38 266 (181,412) <0.001 32 1.44 (0.77,2.31) 0.102
1t visit testosterone >247 55 294 (274, 328) 55 1.15 (0.67, 1.59)
3 months 38 356 (283,477) 0.001 33 1.11 (0.86,1.61) 0.411
6 months 36 294 (242, 422) 0.632 Bill 1.09 (0.82, 1.54) 0.332
9 months 30 349 (249, 672) 0.047 26 1.11(0.92,1.78) 0.939
12 months 33 330 (258, 427) 0.046 28 1.08 (0.79,1.71) 0.991

PSA=prostate-specific antigen; IQR=interquartile range

significantly increased during the first nine months
after treatment (p=0.003, 0.001, and 0.01 at 3, 6, and
9 months, respectively) and was stable at 12 months,
whereas PSA level in the higher testosterone group
had non-significant changes during 12 the months
period. These findings suggested that the prostate
saturation point was at a testosterone level of 247
ng/dL.

Secondary objectives

The median PSA level was 1.16 ng/mL before
TRT, which increased to 1.46 ng/mL after one year
of treatment, translating to a mean PSAV of 0.3 ng/
mL/year, as shown in the Figure 1. None of patient
had PSA increased above 4 ng/mL after TRT, and no
de novo prostate cancer occurred during the study
period.

Discussion

Many recent publications have supported the
prostate saturation theory, with a prostate saturation
point of 250 ng/dL"-'9. Testosterone above this
level could not promote prostate growth and was not
associated with prostate cancer risk*'9).

The authors tested the prostate saturation model
hypothesis by measuring changes in the PSA level
after TRT in testosterone deficiency patients. In the
patients who had low baseline testosterone levels,
both testosterone and PSA levels increased more
rapidly than the higher baseline testosterone level
patients. PSA increased significantly during the first
nine months. In contrast to the patients in higher
baseline testosterone level group that PSA remained
stable during the treatment period. The saturation
point from the present study was a serum testosterone
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level of 247 ng/dL, almost equal to previous studies’
findings"*-'. The effect of testosterone on the prostate
gland is an unresolved question. The recent literature
demonstrated that TRT in testosterone deficiency
patients did not increase risk of prostate cancer or
even TRT in localized prostate cancer patient who had
low testosterone level did not lead to prostate cancer
progression!”!®, The present study data supported
the prostate saturation hypothesis that could be used
to explain these findings.

The authors found that PSA increased by 0.3 ng/
mL/year when compared to baseline. No patients had
PSA level greater than 4 ng/mL during the follow-
up period. Furthermore, there were no prostate
cancer diagnoses during the follow-up period. The
present study result was in the same direction with
other clinical studies"”?". Cunningham et al found
slightly increase in PSA by 0.47 ng/mL at 12 months
after TRT compared to 0.06 ng/mL in the placebo
group’”. Permpongkosol el al®® reported the long-
term outcomes after TRT and demonstrated that
PSA slightly increased during the first 24 months
after treatment and remained steady until 96 months.
Therefore, the authors believe that PSAV at 0.3 ng/
mL/year was the physiologic PSAV after TRT and
could be used as a rough reference range of PSA
change during TRT in hypogonadal men. Additionally,
TRT did not associate with prostate cancer risk over
a short-term treatment period.

There are a limited number of clinical studies
about testosterone deficiency in Thai populations,
especially in old-age men or late-onset hypogonadism.
The strength of the present study was that it was the
first study that try to prove the concept of prostate
saturation hypothesis in Thailand. Furthermore,
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the authors excluded patients who had been treated
with 5-alpha reductase inhibitors, which might
affect PSA profile. Thus, the authors findings added
more-scientific data to the field concerning the Thai
population. The present study’s results supported the
prostate saturation hypothesis. Furthermore, it has
clinical implications for the reference PSAV after
TRT.

The present study had several limitations. There
was limited data on the prostate volume because
of the retrospective analyses. The authors did not
routinely measure prostate size during follow-up.
The authors believe that this was an important data
point and would add more value to the study. The
authors analyzed data within one year of follow-
up because some patients had irregular follow-up
during the treatment period after one year. This
led to fluctuations in testosterone and PSA levels
and probably made the results less accurate as they
could have been. Therefore, the authors believe that a
prospective study with longer follow-up would be of
benefit to confirm the present study findings.

Conclusion

TRT significantly increased the serum testosterone
level, but it had a limited effect on prostate changes.
The present study results, based on Thai patients,
support the prostate saturation model hypothesis. The
authors believe that a testosterone level at 247 ng/dL
can saturate all androgen receptors in the prostate
gland and that higher levels do not increase prostate
stimulation.

What is already known about this topic?

The effect of testosterone on the prostate gland is
an unresolved question. The prostate saturation theory
is the recent hypothesis that explained the effect of
testosterone on prostate tissue. Serum testosterone
level above at some point could not further stimulate
prostate gland due to limited number of androgen
receptors. However, the data in Thai population to
support this hypothesis is limited.

What this study adds?

This study result supports the prostate saturation
model hypothesis. The stimulation of testosterone has
been limited by the number of androgen receptors and
the testosterone level at 247 ng/dL is the saturation
point. The present study is the first study of the
prostate saturation hypothesis in Thailand and reports
the implications for the reference PSAV during
follow-up after TRT.
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