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ABSTRACT

Testosterone plays an important role in promoting the differentiation and stimulation of prostate epi-
thelial cells. Adding to the basic physiology of testosterone, several studies led to the dissemination of
the historical androgen hypothesis that higher circulating androgen levels promote prostate cancer cell
growth and make the tumor more aggressive. Whereas, the prostate saturation model accounted for
the androgen sensitivity of testosterone stimulation in the prostate up to a saturation point, which
occurred near the level of castration. Testosterone is related to prostate cancer metabolism in a com-
plex manner; however, within the reference range, high or normal testosterone levels are expected to
maintain benign and malignant prostate cells in a differentiated state. Accumulating evidence has
suggested that testosterone replacement therapy (TRT) might prevent the development of prostate
cancer and even reduce prostate cancer risk. There is no change in the clinical guidelines to be followed
when considering TRT in patients with a history of prostate cancer, but it is necessary for the physician
to inform patients of the positive effects of TRT on male health and prostate cancer.
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Use of testosterone replacement therapy

Testosterone plays an important role in pro-
moting the differentiation and stimulation of
prostate epithelial cells, where prostate cancer
predominantly occurs.! In 1941, Huggins and
Hodges discovered that the lowest serum testos-
terone level (upon castration) reduced the tumor
burden in advanced prostate cancer; in 1996,
Gann et al. reported that high levels of circulat-
ing testosterone within normal endogenous
ranges were associated with increased risks of
prostate cancer.>? Adding to the basic physiology
of testosterone, these studies led to the dissemina-
tion of the historical androgen hypothesis that
high levels of circulating androgen promote pros-
tate cancer cell growth and make the tumor more
aggressive.

The prostate saturation model, which was pro-
posed to replace the traditional testosterone-
dependent model, accounted for the androgen
sensitivity of testosterone stimulation in the pros-
tate up to a saturation point, which occurred near
the level of castration. According to this model,
the intra-prostate tissue is sensitive to serum tes-
tosterone levels less than 120 ng/dL. In contrast,
above this point, the androgen receptors in the
prostate become saturated and insensitive to
serum testosterone concentrations. Malignant
prostate tissue was also expected to be unaffected
by changes in serum testosterone concentrations
beyond this saturation point.*

A study on the correlation between a faster
age-related reduction in testosterone and an
increased risk of developing prostate cancer
demonstrated that an annual testosterone reduc-
tion of more than 30 ng/dL, compared to rela-
tively stable testosterone levels, increased the
incidence of prostate cancer by 5.03 times.’
Mearini et al. reported that prostate cancer was
frequently associated with low testosterone lev-
els; moreover, a testosterone level less than
2.4 ng/mL was a strong independent predictor
of prostate cancer (P=0.001).° The incidence of
prostate cancer in the group with testosterone

levels lower than 3.85 ng/mL was significantly
higher than that in the group with higher testos-
terone levels (38.9% vs. 29.5%, P=0.018).” An
important association between lower testoster-
one levels and more aggressive prostate cancer
has been demonstrated. Lower basal testoster-
one levels are expected to be associated with a
less differentiated cancer phenotype, poorer
prognosis, and higher tumor burden before
prostate cancer treatment. A significant decrease
in the level of testosterone evoked the compen-
satory local endocrine system to maintain the
testosterone concentrations in the prostate by
the hyper-production of testosterone and the
hyper-expression of androgen receptors. This
change led to the hyper-stimulation of prostate
cells, which resulted in DNA damage and
increased the androgen receptor-driven prolifer-
ation of luminal cells. Consequently, neoplastic
changes and cancer cell growth in the prostate
were promoted.® Low testosterone levels are
associated with increased micro-vessel forma-
tion in tumors, and an increase in androgen
receptor density may induce the development of
androgen-resistant or aggressive prostate can-
cer.” In a prospective study of 455 patients with
clinically localized prostate cancer, a preopera-
tive testosterone level less than 2.2 ng/mL was
found to be associated with postoperative
Gleason pattern grade 4-5 cancer (odds ratio
[OR]: 2.4, P=0.48).!° The preoperative total tes-
tosterone in locally advanced prostate cancer
(pT3-4) was significantly lower than that in
organ-confined disease.!' A study including 338
patients eligible for active surveillance showed
that preoperative low total testosterone levels
(less than 300 ng/dL) were significantly associ-
ated with upgrading, upstaging, unfavorable
disease, and positive surgical margins.'?
Testosterone is related to prostate cancer
metabolism in a complex manner. Calof et al.'?
analyzed 19 studies investigating the develop-
ment of prostate cancer in men over the age of
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45 receiving testosterone replacement therapy
(TRT). The rate of prostate cancer in the TRT
group was higher than that in the placebo group
(OR: 1.09, 95% confidence interval [CI]:
0.48-2.49), which was not statistically signifi-
cant." Meanwhile, within the reference range,
high or normal testosterone levels are expected
to maintain benign and malignant prostate cells
in a differentiated state. Although there was no
well-designed study to assess the risk of devel-
oping prostate cancer in hypogonadal men
taking exogenous testosterone, no significant
difference in the prevalence of prostate cancer
was observed in men receiving TRT compared
to the placebo group.!* Data in the last decade
supported the hypothesis that TRT is not associ-
ated with an increased risk of developing pros-
tate cancer and worse oncological outcomes in
patients with prostate cancer. Accumulating evi-
dence has suggested that TRT might prevent the
development of prostate cancer and even reduce
prostate cancer risk."> Several studies demon-
strated the lower proportion of aggressive pros-
tate cancer and the higher likelihood of favorable
risk prostate cancer among patients who received
prior TRT.!¢7

Whether hypogonadal men with prostate can-
cer undergoing curative local therapy should be
treated remains controversial. However, according
to recent systematic reviews and meta-analyses,
the risk of cancer progression appears to be mini-
mal and the use of TRT in non-metastatic prostate
cancer after definite local therapy is not associ-
ated with increased risk of biochemical recur-
rence (BCR), cancer recurrence, overall or
disease-specific mortality, and salvage androgen
deprivation therapy.'®"” In contrast to the out-
comes of the TRT effect to prevent the develop-
ment of prostate cancer in patients with
hypogonadism, there have been extremely limited
studies showing that TRT may delay or prevent
the recurrence of prostate cancer in patients with
secondary hypogonadism who have received

curative therapy. Pastuszak and Khera compared
103 hypogonadal and 49 eugonadal patients after
radical prostatectomy to assess the safety of TRT.?
BCR was only observed in high-risk patients, and
the BCR rate in the high-risk TRT group (15%)
remained significantly lower than that in the
high-risk reference group (15% vs. 53%, P=0.02).
They postulated that the lack of BCR in the
TRT group was explained by the increased
serum testosterone levels with unchanged residual
intra-prostatic testosterone levels, thus implicating
the saturation model. A very interesting study,
reported in 2020, showed that TRT reduced the
BCR and delayed the time to recurrence after rad-
ical prostatectomy.?! One hundred and fifty-two
patients on TRT, presenting delayed sexual func-
tion recovery with low preoperative and 3-month
calculated free testosterone levels, were matched to
419 control patients not receiving TRT. During the
median follow-up period of 3.4 years, the TRT
group (7.2%) experienced less BCR than the con-
trol group (12.6%, P=0.07). In Cox regression
analysis, TRT was revealed to be an independent
predictor of recurrence-free survival with a 54%
reduction in the risk of BCR (harzard ratio, 0.54,
95% CI: 0.292-0.997). Furthermore, the use of
TRT delayed the time to recurrence by an average
of 1.5 years in patients experiencing BCR.
Ahlering et al. believed that their findings were
logically explained. A lifestyle disease such as dia-
betes, obesity, or metabolic syndrome is inter-
twined with prostate cancer aggressiveness and
low testosterone levels, which is considered a risk
factor for BCR. They suggested that TRT after
radical prostatectomy improved the metabolic sta-
tus and restored the low testosterone levels to the
normal range, which had a positive effect on male
health and prostate cancer prognosis.

Since 2009, when the concept of the saturation
model was introduced, many studies have been
conducted on the association between testoster-
one concentrations and prostate cancer. Especially
in recent decades, many research results have been
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published contrary to the conventional relation-
ship between testosterone and prostate cancer,
and evidence is accumulating that testosterone
below the castration level can increase the inci-
dence of prostate cancer and worsen pathological
outcomes. Owing to the absence of well-designed
randomized controlled study results as well as
long-term data showing that low testosterone lev-
els can worsen male health and adversely affect
the overall course of prostate cancer, many stud-
ies demonstrating that the use of TRT to manage
these problems has a positive effect on prostate
cancer prognosis continue to be published.?>? At
this point, the attitude of the physician while
treating patients with prostate cancer without
recurrence, complaining of symptoms of second-
ary hypogonadism after definite local therapy,
should also change.” There is no change in the
clinical guidelines to be followed when consider-
ing TRT in patients with a history of prostate
cancer, such as in-depth patient counseling and
careful follow-up, but it is necessary for the physi-
cian to inform patients of the positive effects of
TRT on male health and prostate cancer, only
then should TRT be actively considered.
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