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Introduction: Although testosterone therapy (TTh) is the standard practice in otherwise healthy hypogonadal
men, this therapy has historically been contraindicated in men with a history of prostate cancer. Recent evidence
suggests that there is minimal or no prostate cancer growth in the setting of TTh administration in men
definitively treated for non-metastatic prostate cancer.

Objective: To review the evidence supporting the safety and efficacy of TTh in patients previously treated for
localized prostate cancer.

Methods: A literature review of the PubMed database was performed to identify studies evaluating the safety and
efficacy of TTh in patients with a history of prostate cancer. Search terms included Testosterone Therapy,
Testosterone Replacement Therapy and Radical Prostatectomy, Radiotherapy, External Beam Radiation Ther-
apy, EBRT, Brachytherapy; Prostate Cancer and Hypogonadism, Low Testosterone; Bipolar Androgen Therapy.

Results: Available literature provides evidence for the safe application of TTh in patients previously treated for
prostate cancer with either radical prostatectomy or radiotherapy. Furthermore, there exists evidence that severely
hypogonadal levels of testosterone may lead to worse oncological outcomes. More recent research has begun to
elucidate the effectiveness of bipolar androgen deprivation therapy in the treatment of prostate cancer. This
mechanism of action increases the level of evidence indicating that the traditional management of maintaining
testosterone levels at low levels may no longer be standard of care. TTh likely has a role in improved erectile
function and other quality-of-life concerns in patients developing testosterone deficiency after being treated for
prostate cancer.

Conclusions: TTh should be offered to select hypogonadal patients who have a history of definitively treated
prostate cancer. Adequately designed randomized controlled trials are necessary to confirm the safety and efficacy
of TTh in this population. Natale C, Carlos C, Hong J, et al. Testosterone Replacement Therapy After
Prostate Cancer Treatment: A Review of Literature. Sex Med Rev 2021; XX:XXXeXXX.
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INTRODUCTION

Testosterone deficiency is a clinical syndrome that can include
diminished libido, osteoporosis, and cognitive impairment,
which results from a deficiency in the production of testos-
terone.1 Although testosterone therapy (TTh) is the standard
practice in otherwise healthy hypogonadal men, a history of
prostate cancer was previously considered a contraindication to
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TTh.2 Restriction of TTh from men with prostate cancer was
largely practiced because of historical tradition.3 The prevalence
of evidence confirming that TTh benefitted quality of life led to a
paradigm shift in the treatment of testosterone deficiency in men
with prostate cancer, as well as the manner in which exogenous
androgens affect the prostate.3

Since the early 1950s, testosterone was thought to cause
prostate cancer or, if the man had prostate cancer, to result in
increased growth of cancer. In 1941 Huggins and Hodges
established the hormonal responsiveness of prostate cancer.
Huggins would later go on to receive the Nobel Prize for his
research on androgens and prostate cancer. They reported that
the marked reductions in testosterone by castration or estrogen
treatment caused metastatic prostate cancer to regress, and also
1
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that administration of exogenous testosterone caused prostate
cancer to grow.4 To this day, androgen ablation remains a
mainstay of treatment for advanced prostate cancer.5

In response to literature describing no prostate cancer growth
or progression in men receiving TTh, the validity of the
androgen-responsiveness model was called into question.6 On
review of previous literature, Morgentaler and Traish found that
reports of testosterone causing rapid growth of prostate cancer
occurred in men who already had extremely low testosterone
levels due to castration or estrogen treatment.7 They concluded
that the maximal androgenic stimulation of prostate tissue was
reached at relatively low concentrations. This is known as the
saturation model. Marks et al further described that raising serum
testosterone levels did not raise testosterone levels within the
prostate.8 Experimental studies report that the concentration at
which this saturation occurs is quite low.9 Reports of men treated
with TTh after treatment for localized prostate cancer have
shown low to absent recurrence rates2; however, concern remains
among practitioners that testosterone may promote recurrence.1

This review aims to investigate the safety and efficacy of TTh
after definitive treatment for prostate cancer by evaluation of
existing literature.
METHODS

A literature review of the PubMed database was performed to
identify studies evaluating the safety and efficacy of TTh in
patients with a history of prostate cancer. Search terms included
Testosterone Replacement Therapy and Radical Prostatectomy,
Radiotherapy, External Beam Radiation Therapy (EBRT),
Brachytherapy; Prostate Cancer and Hypogonadism, Low
Testosterone; Bipolar Androgen Therapy.
RESULTS

Evidence synthesis for this review

Treatment of Testosterone Deficiency With TTh After
Radical Prostatectomy

Radical prostatectomy (RP) is an established and standard
treatment option for intermediate- and high-risk localized
prostate cancer and may be offered to select low-risk localized
prostate cancer patients with a high probability of progression on
active surveillance.10,11 Historically, clinicians have been hesitant
to utilize TTh after RP, believing that TTh could promote
recurrence or progression of prostate cancer because of increased
androgen levels.12 However, in 2004, this paradigm began to
change after Kaufman and Graydon reported 7 men treated with
TTh after curative RP without biochemical recurrence,13 fol-
lowed in 2005 by Agarwal and Oefelein reporting 10 patients
treated with TTh for symptomatic testosterone deficiency with
no biochemical recurrence at mean follow-up of 19 months.14

Currently, the American Urological Association (AUA)
guidelines state that patients who have undergone RP with
favorable pathology (eg, negative margins, negative seminal
vesicles, negative lymph nodes) and undetectable PSA values
postoperatively can be considered for TTh.15 However, the data
supporting this statement are limited. The European Association
of Urology (EAU) similarly advises TTh in symptomatic men
treated surgically for localized prostate cancer while stipulating
that this recommendation be limited to those with at least
1 year of follow-up and with low risk of recurrence
(eg, Gleason score < 8, pathological stage pT1-2, preoperative
PSA < 10 ng/mL).16

A review of the literature reveals several studies that demon-
strate improved serum testosterone levels in patients being
treated with TTh, despite a history of prostate cancer treated
with RP, and without concurrent rise in clinical or biochemical
recurrence in prostate cancer (Table 1). In total, 852 patients
were included in this analysis,14,15,17e28 with 24 patients
showing biochemical recurrence for an overall recurrence rate of
2.8%. Despite variable lengths of follow-up, low rates of recur-
rence persisted. Notably, in studies that included control or
reference groups, recurrence rates remained lowest in the TTh
groups.23,24,29 These data suggest that TTh therapy does not
increase the rate of recurrence at or before 3.4 years of follow-up,
in accordance with previous literature.20,29e31 Cautious use of
TTh in selected patients with history of prostate cancer treated
with RP is warranted.

The studies included in this analysis are limited. Only one
study is not limited by retrospective design16 and only 3 include
control groups.23,24,29 In addition, the studies were not
standardized in time to TTh application after RP or method of
TTh application. Future randomized control trials, as well as
longer follow-up studies, are needed to elucidate the safety and
efficacy of TTh in patients with a history of prostate cancer
treated with RP.
Treatment of Testosterone Deficiency With TTh After
Radiotherapy
Patients who require non-conservative treatment of prostate

cancer can choose either surgical management or radiotherapy.
With limited randomized controlled trials available to guide
further treatment, patients often determine which treatment
methodology to pursue based on the recommendation of their
doctors and considering their own preferences. Some studies
have indicated that radiotherapy may be associated with an
increased risk of mortality compared with RP.32 Furthermore,
radiotherapy may include an increased risk of residual prostate
cancer, which raises additional concerns for practitioners
prescribing TTh.

In 2013, Pastuzak et al retrospectively reviewed TTh
treatment in 13 men who had undergone radiation therapy for
the treatment of prostate cancer.33 Of these patients, 4 had a
Gleason score of 6, 7 had a Gleason score of 7, and 2 had a
Gleason score of 8. Mean follow-up was 27.5 months. Despite a
significant increase in mean testosterone, there was not an
Sex Med Rev 2021;-:1e13
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observed increase in hemoglobin, hematocrit, free testosterone,
estrogen or PSA, or any incidences of biochemical recurrence.
Biochemical recurrence was defined as PSA greater than current
nadir plus 3 ng/mL and 2 consecutive PSA increases of >0.5 ng/
mL. The authors concluded that TTh in the setting of prostate
cancer after radiation leads to improved hypogonadal symptoms
without evidence of cancer recurrence or progression, regardless
of Gleason score, although this study was limited by a small
sample size. In a subsequent retrospective study, Pastuzak et al
identified 98 men who had been treated with radiation therapy
and then received TTh.34 In this cohort, the Gleason scores were
5 in 3 men (3.1%), 6 in 44 men (44.9%), 7 in 28 men (28.6%),
8 in 7 men (7.1%), and 9 in 4 men (4.1%). This study
demonstrated a nonsignificant increase in mean PSA (0.08 ng/ml
at the baseline to 0.09 ng/ml (P ¼ .05)). Among patients at high
risk, prostate-specific antigen increased from 0.10 to 0.36 ng/ml
(P ¼ .018). There was a low rate of biochemical recurrence at
6.1% of the patients (PSA ¼ 2.2-5.3). Notably, this study
included men with history of androgen deprivation therapy
(ADT) or with ADT therapy status. In patients receiving TTh
previously on ADT, a rise in PSA might be expected without
necessarily representing biochemical recurrence, in accordance
with the saturation model. In this multi-institutional study,
recurrence was defined as either PSA greater than absolute nadir
plus 2 ng/ml, PSA greater than current nadir plus 3 ng/ml or 2
consecutive increases in PSA of 0.5 ng/ml or greater. Mode of
treatments, namely either EBRT, brachytherapy or combined,
did not show significant differences in mean PSA or PSA ve-
locity. TTh in men after radiation therapy for prostate cancer was
associated with a minor increase in serum PSA and a low rate of
biochemical recurrence. This study was the largest study at that
time to assess TTh after radiation therapy and served to support
the growing body of evidence in favor of TTh.

A retrospective chart review conducted by Kacker et al iden-
tified 135 men who began TTh after localized prostate cancer
treatment.25 Forty of these men had been treated with either
brachytherapy or EBRT, and the patients were followed up for
an average of 26.7 months. Gleason scores were not noted. Of
these patients, 6.7% underwent TTh after known biochemical
recurrence.25 The authors found that this group of patients did
not appear to have higher rates of cancer progression than what
would be expected. Of note, a large majority of these men elected
to discontinue TTh because of nonecancer-related reasons, such
as lack of efficacy.

Treatment of Testosterone Deficiency With TTh After
Brachytherapy. Brachytherapy is a treatment for prostate
cancer that involves introducing a radioactive source into or near
the tissue being targeted, that is, the prostate.35 Many men
experience symptoms of testosterone deficiency after brachy-
therapy, including low libido, erectile dysfunction, and fatigue.36

In 2007, Sarosdy et al proposed that TTh may be used in
symptomatic patients with low serum testosterone provided they
Sex Med Rev 2021;-:1e13
maintain close follow up. This study retrospectively reviewed 31
patients who received TTh after brachytherapy.37 Of the 31
men, 3 were considered to have high-risk cancer (Gleason scores
of 8 or 9). A transient rise in PSA was observed in one patient;
however, no patients stopped TTh because of either cancer
recurrence or progression. Although 5 patients discontinued
TTh after a short trial period, most subjects (86.1%) continued
treatment for a median of 4.5 years and for as long as 8.5 years,
which is cited by the authors as a testament to improved quality
of life.37 The team suggested that baseline testosterone levels be
assessed before definitive treatment to aid in future management.
Sarosdy et al notes that their study is not able to fully address
TTh safety after brachytherapy, and that prospective, random-
ized trials are needed to more fully confirm safety.37 In a study
conducted by Balbontin et al, 20 men received long-acting
testosterone injections after low-dose, permanent brachytherapy
with a goal of free testosterone concentrations >11.7 ng/dL. The
patients’ PSA and serum testosterone levels were followed up
closely for an average of 2.5 years. The study found that PSA
levels decreased significantly over the course of TTh, from a
baseline mean of 0.7 ng/mL to 0.1 ng/mL at last follow-up
(P < .001).36 The study concluded that treatment with TTh
after brachytherapy conveyed significant clinical benefits. Total
and free testosterone levels increased during the duration of
treatment, with an improvement in mean Sexual Health
Inventory for Men scores from 17.8 to 22.1 after TTh
(P ¼ .002).36 There were no cases of rising serum PSA, prostate
cancer progression, or recurrence. Limitations included small
sample size, limited duration of follow-up, retrospective nature,
and lack of objective measures for symptoms of testosterone
deficiency.36

In a case series by Kadomoto et al, 6 cases were followed up
wherein patients received brachytherapy combined with adjuvant
ADT by combined androgen blockade for 2 years.38 All 6 cases
involved high-risk prostate cancer, and patients with definite
metastatic lesions, baseline PSA >0.2 ng/mL before starting
TTh, treatment within the previous 2 years, or unstable cancer
control were excluded. 5 of the 6 received EBRT after
brachytherapy. Polycythemia is an adverse effect of TTh after
brachytherapy that was seen in 1 of the 6 patients. The results of
the study saw an improvement in the Aging Male Symptoms
scale after TTh in all cases. 5 patients had transient rises in PSA
that were not indicative of biochemical recurrence, and most
patients saw definitive improvements in measures such as
hemoglobin, triglycerides, total cholesterol, HbA1c, and BMI.
These measures are notable because at this time, the perceived
benefit of TTh has deemed it a viable option, despite limited
understanding of risk necessary to quantify its risk-benefit
ratio.38 The AUA recommends careful counselling regarding
this lack of definitive evidence and cessation of therapy 3 to
6 months after initiation in patients who achieve normalization
of testosterone levels but fail to have improvements in symptoms
of testosterone deficiency.11 Further research using randomized



Table 1. Summary of studies assessing safety of testosterone therapy (TTh) in patients treated with radical prostatectomy (RP) for prostate cancer

Author
Month
and year n

Study population
characteristics Study type

Definition of
biological
recurrence

Median follow-up
(from TTh
initiation) Outcomes Conclusions

Kaufman and
Graydon13

Sept 2004 7 GS were 6 (n ¼ 6) and
7 (n ¼ 1), one
positive margin,
PSA range 4.4-6.6

Retrospective Greater than
0.1 ng/ml PSA

Not specified No biochemical recurrence
or clinical indicators of
cancer recurrence.

Cautious use of TTh in
selected prostate
cancer survivors is
warranted.

Agarwal and
Oefelein14

Nov 2005 10 GS were 6 (n ¼ 2), 7
(n ¼ 7) and 8
(n ¼ 1), mean PSA
was 7.0 (range 5.8-
12.6)

Retrospective Greater than
0.1 ng/ml PSA

Mean: 19 months No cases of biochemical
recurrence during study.

TTh can be used in
selected patients
treated with RP.

Nabulsi et al17 May 2008 22 GS were 6 (n ¼ 15)
and 7 (n ¼ 7), mean
PSA 5.9 ± 3.5

Prospective Not specified 20 months One patient (G8 disease)
showed PSA recurrence
at 17 months post-RP
and 12 months on TTh.

The administration of
TTh is safe at 2 years
post-T administration
in carefully selected
patients.

Davila et al18 May 2008 14 Mean GS was 6.2,
mean PSA was
6.05, all negative
surgical margins

Retrospective Not specified 12 months No significant differences
in PSA before and after
starting TTh.

TTh is safe and
efficacious in men
after treatment of
prostate cancer.

Khera et al19 April 2009 57 GS were <7 (n ¼ 24),
7 (n ¼ 26), >7 (4),
mean PSA was
5.58, all negative
surgical margins

Retrospective Detectable PSA Mean: 13 months No cases of biochemical
recurrence during study.

TTh is effective at
improving
testosterone levels
without increasing
PSA values.

Sathyamoorthy
et al20

March 2010 133 21 patients were high
risk (GS � 8,
positive surgical
margins, or positive
nodal disease)

Retrospective Greater than
0.1 ng/ml PSA

12 months No increases in PSA and
thus no biochemical
recurrence noted.

TTh effective in
improving
testosterone levels
without increasing
PSA in hypogonadal
men who have
undergone RP.

Isbarn et al21 Apr 2010 69 All patients negative
surgical margins.

Retrospective Not specified 19 months No cases of biochemical
recurrence during study.

TTh can be offered to
select patients with
history of prostate
cancer.

Matsushita
et al22

Apr 2012 61 Mean GS was 7, mean
PSA was 4.9 ± 2.6

Retrospective Not specified Mean: 26 months There was one reported
case of biochemical
recurrence. Significant
increase in total
testosterone.

TTh safe and efficacious
on long-term follow-
up.
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Table 1. Continued

Author
Month
and year n

Study population
characteristics Study type

Definition of
biological
recurrence

Median follow-up
(from TTh
initiation) Outcomes Conclusions

Pastuszak
et al23

Aug 2013 103 GS were <8 (n ¼ 75),
�8 (n ¼ 1),
unknown (n ¼ 19),
median PSA was
5.2, positive
margins (n ¼ 17),
positive lymph
nodes (n ¼ 1),
positive seminal
vesicle (n ¼ 3)

Retrospective Greater than
0.2 ng/ml

27.5 months There were 4 reported
cases of biorecurrence
(4%) in men being
treated with TTh and
history of RP. This
compared to 16.3% risk
of recurrence in
reference group.

TTh does not appear to
increase cancer
recurrence rates in
men treated with RP.

Wynia et al24 Apr 2014 57 Not specified Retrospective Not specified 24 months No significant difference
noted in PSA levels
between treatment and
control group (P ¼ .157);
one case of biochemical
recurrence in treatment
group (recurrence
rate ¼ 1.8% compared
to 14.8% in control
group).

TTh did not increase risk
of biochemical
recurrence in patients
previously treated
with RP for prostate
cancer.

Kacker et al25 Apr 2014 53 Not specified Retrospective PSA greater than
0.2 ng/dL)

30 months No cases of biochemical
recurrence during study.

TTh does not appear to
cause higher than
expected rates of
prostate cancer
progression in men
with prostate cancer.

Ory et al26 Oct 2016 22 Not specified Retrospective Postop PSA
>0.2ug/l with a
second
confirmatory
PSA of over
0.2 mg/l

41 months
(overall
sample)

No biological recurrence
noted in men being
treated with TTh with
history of RP.

TTh safe after definitive
treatment for prostate
cancer.

Morgentaler
et al27

Apr 2018 92 Not specified Retrospective Greater than
0.3 ng/ml

19 months Biochemical recurrence
was observed in 6 cases
(6.5%).

Results of long-term
follow-up reassuring
for clinicians
considering TTh for
symptomatic men
with history of
prostate cancer.
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control trials is necessary to demonstrate definitive
findings.11,37,38

Notably, the currently available research lacks consistent,
concrete criteria indicating appropriate initiation of TTh in
patients treated for prostate cancer with radical therapy.38 Time
to initiation of TTh, baseline PSA values, and exclusion criteria
have differed widely among studies. To be classified as testos-
terone deficient, testosterone levels must be less than 300 ng/dL,
and it is necessary that signs and symptoms of testosterone
deficiency are also present.11 This poses a challenge, attested to
by the limitations proposed by Balbontin et al because the signs
and symptoms of testosterone deficiency may be non-specific and
cross over with other medical conditions.11,36
Treatment of Testosterone Deficiency With TTh After
External Beam Radiation Therapy. EBRT, which involves
the delivery of radiation externally to target tumor cells, is the
most used form of radiation in locally advanced prostate cancer.
It has been demonstrated to be ineffective when used alone, so
combination with hormonal therapy has traditionally been
observed.39 In a study by Morales et al, 5 men with symptoms of
testosterone deficiency after EBRT were treated with TTh.40 2
patients had Gleason scores of 6, one had a score of 7, and 2 had
scores of 8. These patients were followed up for an average of
14.5 months and included an assessment of prostate health via
DRE and PSA, TTh response, hematological evaluation, and
lipid profiles. Side effects encountered in this study included
headaches in one patient, who subsequently ceased treatment as a
result. The results of the study showed no recurrence of prostate
cancer, defined as PSA levels >1.5 ng/mL, during follow-up. All
patients reported improvements in hypogonadal symptoms. 4
reported decreased hot flushes, decreased fatigue, and increased
libido, whereas 2 subjects reported improved erectile dysfunc-
tion.40 The authors concluded that men with testosterone defi-
ciency syndrome after EBRT for localized prostate cancer are
candidates for TTh. A retrospective study conducted by Davila
et al assessed 6 men who received TTh after EBRT.19 The mean
Gleason score was 5. Testosterone and PSA values were measured
both before and after treatment. The team found that TTh
(administered by injection or transdermal gel) was effective in
improving hypogonadal symptoms. 89% of the subjects elected
to remain on TTh indefinitely. In addition, no significant dif-
ferences were found between pre- and post-PSA levels.

Many studies published in the last 15 years demonstrate the
safety of TTh in patients previously treated with localized
definitive therapy for prostate cancer, and it is important to
acknowledge that close follow-up may be important and is
recommended by both the EAU and the AUA. Both guidelines
suggest that follow-up be offered at 3, 6, and 12 months after the
onset of treatment and every 6-12 months thereafter.39,41 In
addition, both organizations recommend monitoring hematocrit
and performing DREs, with PSA monitoring also recommended
by the EAU.41
Sex Med Rev 2021;-:1e13
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Testosterone Deficiency and Prostate Cancer Outcomes
A number of basic science studies challenge the traditional

belief that androgen exposure always causes the progression and
growth of prostate cancer. In 1989, Sonnenschein et al exposed
LNCaP cells to different sex hormones and analyzed their
response. LNCaP cells are androgen-sensitive prostate adeno-
carcinoma cells derived from a supraclavicular lymph node
metastasis. They showed that exposure to androgens produced a
biphasic response, with higher levels of exposure triggering an
inhibitory effect on LNCaP cell proliferation. Their results
suggested an alternative hypothesis of androgen's effect on
LNCaP proliferation, with high androgen levels inducing a
shutoff mechanism.42 Umekita used LNCaP cells cultured in an
androgen-depleted medium, now termed LNCaP 104-R2, and
implanted them in castrated athymic mice. The tumors that
formed were then exposed to testosterone propionate treatment.
The testosterone propionate treatment inhibited tumor growth
and significantly reduced the tumor size. Interestingly, the
addition of finasteride to the tumors prevented and reversed the
testosterone-induced inhibition.43 Song and Khera studied the
impacts of physiologically normal levels of androgen, by treating
LNCaP cells with various levels of androgens, and studying the
cell proliferation. They again found that LNCaP cells exhibit a
biphasic response to testosterone. Cells with no testosterone
exposure had low levels of growth, with optimized proliferation
occurring at 0.23 ng/mL but increasing doses of testosterone
beyond that level showed dose-dependent inhibition of
growth.44 Song and Khera then studied in vivo effects of
testosterone by injecting LNCaP cells in athymic and measuring
the growth of the prostate cancer tumor xenograft. They found
that growth was lowest in the mice that had received an orchi-
ectomy alone and orchiectomy plus high levels of TTh, whereas
tumor incidence rate was highest in mice with no testosterone
interference and orchiectomy plus low levels of testosterone.
Their study again showed the biphasic response of prostate
cancer to testosterone, this time in an in vivo mice model, with
orchiectomy alone and orchiectomy plus high levels of TTh
inhibiting proliferation of prostate cancer.45 This increasing body
of scientific evidence suggests that testosterone exposure could
inhibit prostate cancer progression and potentially be protective
in prostate cancer.

More recently, membrane androgen receptors (mARs) have
been identified as an alternative androgen receptor, with activa-
tion leading to the regulation of responses that are distinct from
the traditional intracellular androgen receptor. The binding of
steroids to these non-classical membrane-bound steroid receptors
leads to short-term effects, such as changes in intracellular cal-
cium levels and cytoskeletal changes. The common effect of
testosterone binding to mARs is an increase in free intracellular
calcium, but the exact role that they play remains unclear.
Kampa identified the distinct membrane bound testosterone
receptors on LNCaP cells by using impermeable testosterone-
BSA conjugate.46 Hatzoglou showed that activation of this
Sex Med Rev 2021;-:1e13
mAR triggers apoptosis, decreases migration and invasiveness,
and dose-dependent inhibition of cell growth in prostatic cancer
cells. Administration of testosterone-BSA in LNCaP cell inocu-
lated mice also decreased the tumor mass.47 The binding of
testosterone to mARs suggests a potentially opposite effect as to
the traditional AR binding. Kampa showed that activation of the
mAR through exposure with testosterone-BSA simultaneously
with paclitaxel augmented the antiproliferative effects of
paclitaxel.48 Discovery of this mAR and its role is significant and
broadens the understanding of testosterone's antiproliferative
effects on prostate cancer cells, and the potential for more
therapeutic targets.

There are increasing clinical data that show that low serum
testosterone may have adverse effects on the outcome of prostate
cancer, whereas physiologic levels of testosterone may be
protective (Table 2). Hoffman looked at 117 patients diagnosed
with prostate cancer and the pathological characteristics of their
prostate cancer. Compared with patients with a normal serum
testosterone, they noted a correlation that patients with low
serum free testosterone had higher percentage of biopsies that
showed cancer (47% versus 28%, P ¼ .018), and a higher
incidence of a Gleason score of 8 or greater (7 of 64 versus 0 of
48, P ¼ .025).49 Morgentaler looked at hypogonadal patients
and measured their serum testosterone levels and free
testosterone levels and compared their rates of prostate cancer
detection on biopsy. The study showed that there were higher
rates of prostate cancer detection in patients with serum testos-
terone levels of less than 250 ng/dL, compared to patients with
serum testosterone levels of more than 250 ng/dL (21% vs 12%,
P ¼ .04). In addition, the results also demonstrated higher rates
of prostate cancer detection in patients with free testosterone
levels of less than 1.0 ng/dL, compared to patients with serum
testosterone levels of more than 1.0 ng/dL (20% vs 12%,
P ¼ .04). Increased prostate cancer detection by biopsy was
associated with lower levels of testosterone.50 Another prospec-
tive study looked at 144 patients with stage D2 prostate cancer
treated with ADT and looked at what factors could influence the
progression and outcome of disease. They found that initial
serum testosterone greater than 10 nmol/L had a positive
influence on response to treatment (P ¼ .0304) and serum
testosterone also had a positive impact on overall survival time
(26 vs 20 months, P ¼ .003). They concluded that lower
testosterone levels seemed to have more aggressive disease, and
worse overall survival.51 Another study looked at hormone levels
of 211 patients who underwent prostate biopsy because of
abnormal PSA levels higher than 2.5 ng/ml or abnormal digital
rectal examination results. Patients with free testosterone lower
than 9 pg/ml had significantly higher presence of cancer than
patients with free testosterone above 9 pg/ml (40.8% vs 25.6%,
P ¼ .021). Patients with low total testosterone below 300 nl/dL
had higher cancer detection rates than patients with total
testosterone above 300 (48.6% vs 29.3%, P ¼ .023), again
finding an association between low testosterone levels and higher



Table 2. Summary of studies evaluating association between level of testosterone and prostate cancer outcomes

Author Month Year n Study type Clinical parameters Outcomes Conclusion

Hoffman et al49 March 2000 117 Retrospective Increased mean
percent of biopsy
that showed cancer

43% of patients with
low testosterone vs
22% with normal
testosterone.

Patients with low free
testosterone had
increased mean
percent of biopsies
that showed
cancer.

Morgentaler
et al50

Dec 2006 345 Prospective Biopsy that showed
cancer

21% of patients with
testosterone of less
than 250 ng/dL
compared vs 12% of
patients with
testosterone of
greater than
250 ng/dL
(P ¼ .04).

Prostate cancer was
detected at higher
rates in patients
with lower levels of
testosterone.

Ribeiro et al51 Dec 1997 144 Prospective Response to androgen
deprivation therapy
and overall survival

Initial serum
testosterone
(>10 nmol/l) had a
positive influence
on response, and
serum testosterone
level improved
overall survival.

Lower levels of
testosterone were
associated with
more aggressive
disease and a
poorer overall
survival.

Sofikerim et al52 2007 211 Prospective Cancer detection on
biopsy

Patients with free
testosterone lower
than 9 pg/ml had
higher rates of
cancer detection
(40.8% vs 25.6),
and low total
testosterone had
higher cancer
detection rates
(48.6% vs 29.3%).

Lower levels of free
and total
testosterone had
higher rates of
prostate cancer
detection by
biopsy.

Yamamoto et al53 Sept 2007 272 Retrospective PSA failure after RP Patients with low
(<300 ng/dl)
preoperative serum
testosterone levels.

Low (<300 ng/dl)
preoperative
serum
testosterone levels
were found to be
an independent
predictor of PSA
failure.

Teloken et al54 Dec 2005 64 Prospective Positive surgical
margins

Patients with serum
total testosterone
below 270 ng/dl
had increased
positive surgical
margins (P ¼ .026).

Patients with lower
serum total
testosterone had
frequently more
positive margins.
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rates of prostate cancer detection on biopsy.52 This study
examined preoperative serum testosterone levels and its
relationship to PSA failure in patients with localized prostate
cancer receiving RP as treatment alone. The results demonstrated
that the 5-year PSA failure-free rate of patients with low serum
testosterone was worse than patients with normal preoperative
serum testosterone levels (67.8% vs 84.9%, P ¼ .035), and was a
significant predictor for PSA failure (P ¼ .021).53 Another study
evaluated 64 patients with localized prostate cancer undergoing
RP. They found that patients with serum total testosterone
below 270 ng/dl had increased positive surgical margins
(P ¼ .026).54 Most of these studies are limited by their
retrospective nature, small study cohort, and lack of randomized
control trials. A large study is needed to confirm the adverse
Sex Med Rev 2021;-:1e13



Table 3. Summary of studies assessing efficacy of bipolar androgen therapy (BAT)

Author
Month
and year n Study type Clinical end point Outcomes Conclusion

Isaacs et al57 Oct 2012 4 Prospective Decrease in PSA >50% decrease in PSA in
the 2 patients that have
completed the cycles

BAT is promising.

Schweizer et al58 Jan 2015 16 Single arm
case
series

Decrease in PSA in at
least 3 patients

>50% reduction in PSA
and improved
radiographic evidence

BAT is well tolerated
and improved
PSA.

Schweizer et al59 Sep 2016 33 Single arm
case
series

Percent of patient had
PSA <4 ng/ml after
18 months

59% of patients has
PSA<4 ng/dl at
18 months with
improved QoL

BAT had preliminary
efficacy and may
improve QoL in
patients treated
with ADT.

Teply et al60 Jan 2018 30 Prospective
cohort

50% decline in PSA
concentration from
baseline (PSA50)
for BAT and
enzalutamide
rechallenge

9 of 30 patients achieved a
PSA50 to BAT. 29
patients completed BAT,
21 proceeded to
enzalutamide
rechallenge, of whom 15
(52%; 95% CI 33-71;
P < 0$0001) achieved a
PSA50 response.

BAT is a safe therapy
in castrate
resistant prostate
cancer and that
resulted
sensitization to
enzalutamide.
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impact of low testosterone levels, and the potential benefit of
TTh or eugonadal levels of testosterone in patients with prostate
cancer.

Testosterone Deficiency and Bipolar Androgen Therapy
ADT is the mainstay of prostate cancer, but most patients

develop androgen-independent prostate cancer, which often has
no effective treatment to reduce the progression of the prostate
cancer. The previous studies demonstrated the possibility that
low testosterone worsened prognosis of prostate cancer.
Chuu derived androgen-independent (AI) prostate cells, LNCaP
104-R1 cells, by depriving androgen-sensitive prostate cells of
androgens. They then studied the effects of exposing these AI
cells to androgens again. The study demonstrated that exposing
AI LNCaP 104-R1 cells to physiologic levels of androgens
inhibited the growth of those cells. The AI LNCaP 104-R1
reverted them back to an androgen stimulated phenotype, which
lead the cells to be sensitive to androgens again.55 Another study
further explored the molecular mechanism of the development of
androgen independence of prostate cancer cells and found that
the only change persistently found in AI prostate cancer cells was
the presence of increased androgen receptor mRNA. These
altered AI cells had adapted to androgen deprivation with
increased androgen receptors. Exposure of these adaptive cells to
a variety of androgen receptor antagonists surprisingly
demonstrated an agonist response. The study concluded that
androgen-specific prostate cancer cells increase androgen
receptors in response to androgen deprivation, and this
autoregulation is the molecular mechanism responsible for
gaining androgen independence.56 A subsequent study used this
Sex Med Rev 2021;-:1e13
cycle of autoregulation of androgen receptors in prostate cancer
cells as the molecular basis for bipolar androgen therapy (BAT) in
AI prostate cancer. The study demonstrated that acute exposure
of cells that have increased androgen receptor expression to high
levels of testosterone resulted in increased cell death. These
preclinical results provided basis to shift prostate cancer treat-
ment away from sustained androgen deprivation toward cycling
between androgen deprivation and exposure, also known as
BAT. A regimen that cycled between androgen deprivation and
repletion, combined with etoposide, was tested on 4 patients. It
resulted in more than 50% reduction in PSA levels.57 Although
these early studies are small, they were well tolerated and
demonstrated the safety of the regimen (Table 3).

A subsequent study showed that 16 asymptomatic men with
low to moderate AI metastatic disease were exposed to cycles of
400 mg intramuscular and etoposide, with castrating therapy
continued to suppress testosterone production, allowing for rapid
reduction of testosterone to near castrate levels. BAT was well
tolerated and resulted in a 50% PSA response (7 of 14) and 50%
radiographic response (5 of 10). All patients eventually had PSA
progressions.58 In a subsequent study titled BATMAN, they
selected patients with hormone-sensitive prostate cancer,
treated them with 6 months of ADT, and patients with less than
4 ng/ml received 3 cycles of BAT. The results had 17 of 29
patients having <4 ng/ml after 18 months and improved quality
of life.59 Another recent clinical trial selected 30 asymptomatic
patients that have had PSA progression on enzalutamide therapy
with continued PSA rise after discontinuation of enzalutamide.
Patients received PSA and reached end point if they had a 50%
reduction in PSA, or they completed BAT and progressed with
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enzalutamide rechallenge and then reached a 50% reduction in
PSA. About 29 patients completed BAT and 21 proceeded to
enzalutamide rechallenge, of whom 15 (52%; 95% CI 33-71;
P < 0$0001) achieved a PSA50 response. Grade 3-4 adverse
events occurred with one patient each, with hypertension, pul-
monary embolism, myocardial infarction, urinary obstruction,
gallstone, and sepsis, with no treatment-related deaths.60

Although these 3 clinical trials were small, BAT therapy was
well tolerated with no deaths and showed BAT as a promising
potential therapy for AI prostate cancer. More large-scale clinical
and randomized controlled trials need to be performed to
confirm the therapeutic benefit of BAT.
Role of TTh in Erectile Function Recovery After Prostate
Cancer

To ensure effective recovery of erectile function after prostate
cancer treatment, it is clear that penile tissue health at the
cellular level is a critical factor to enable natural erectile func-
tion. The nitric oxide pathway is an essential signal driving the
erectile function by promoting penile blood flow.61 Marin et al
demonstrated the role of testosterone in supporting the function
of nitric oxide synthase; normal function was restored in
castrated rats only after testosterone replacement.62 Other
studies have shown a direct correlation between testosterone
and phosphodiesterase-5 (PDE-5) levels, suggesting that
testosterone is involved in overall penile smooth muscle
homeostasis.63 Zhang et al demonstrated that testosterone
positively regulates PDE-5 expression and in vivo responsive-
ness to a PDE-5 inhibitor in the rat corpora cavernosum.63 That
is, testosterone regulates nitric oxide and PDE-5 in corporal
smooth muscle.

These observations were put into clinical context by Shabsigh
et al, who conducted a randomized, controlled trial of testos-
terone, and demand-dose sildenafil versus sildenafil alone for
previous PDE-5 inhibitor non-responders. The subjects were
followed up with serial IIEF scores. Patients receiving
testosterone supplements sustained a dramatic improvement in
response to sildenafil versus the control group.64 Admittedly, the
clinical evidence supporting the role of testosterone for the
erectile function is in its infancy. In fact, a dose-dependent
relationship between erectile function and testosterone has
been suggested, where a critical threshold has been postulated to
govern adverse erectile function outcomes.65 Regardless, the
impact of testosterone on quality of life in men is well estab-
lished.66 Testosterone replacement in men treated for localized
prostate cancer should be considered for 2 important reasons: (1)
the scientific rationale that testosterone is a key component of
erectile function and (2) the overall quality of life improvement is
likely to enhance sexual interest and compliance with prostate
cancer therapy. The combination of these factors justifies the role
of testosterone replacement therapy in men treated for localized
prostate cancer.
DISCUSSION

Testosterone deficiency is a common condition in men that
has a significant impact on overall health and quality of life. TTh
is a well-established treatment option for this condition that is
both effective and safe. Historically, the responsiveness of
prostate cancer to androgen therapy resulted in the opinion that
history of prostate cancer is a contraindication to TTh for men
suffering from testosterone deficiency. As pathophysiology
behind the impact of endogenous androgen therapy on prostate
cancer cells has been further elucidated, evidence suggests that
TTh does not endanger a patient suffering from testosterone
deficiency despite a history of treated prostate cancer. The studies
presented here suggest that patients treated previously with either
radical prostatectomy or radiation therapy for prostate cancer do
not face an elevated risk of cancer recurrence or progression as a
result of TTh treatment. Evidence seems to indicate that a low-
testosterone state may have deleterious effects on oncological
outcomes. More recent studies as to the efficacy of BAT further
supports this body of evidence. At the core of these advances is a
further elucidated understanding of the effect of androgens on
prostate cancer cells, as described previously.

Despite the current data illustrating the safety of TTh in men
with a history of prostate cancer, resistance to TTh still persists.
There is a lack of randomized placebo-controlled trials which
evaluate the safety of TTh in this population. Available evidence
is largely limited to case series, some with limited follow-up,
inhibiting a consensus on treatment of symptomatic testos-
terone deficiency in patients with a history of prostate cancer.
Neither the AUA nor the EAU provide strong recommendations
that testosterone treatment be offered to men experiencing
symptomatic testosterone deficiency. While EAU guidelines
recommend that treatment be offered cautiously to those patients
at low risk for recurrence, the AUA guidelines state that there is
inadequate evidence to quantify the risk-benefit ratio of treat-
ment.15,16 The International Consultation in Sexual Medicine
recommendations state that it may be reasonable to offer TTh to
men with a history of prostate cancer after definitive treatment of
low-risk, localized disease.67 Expert opinion suggests that TTh
treatment not be implemented until 63 or 12 months67 after
radical prostatectomy with an undetectable PSA or after radiation
treatment with a stable PSA. Although sufficient evidence does
not exist to definitively state the safety of TTh in this population,
available evidence does not point to increased risk of cancer
recurrence. As such, restricting this treatment from these patients
may cause undue harm by failing to address sexual health,
metabolic, cardiovascular, and other manifestations of testos-
terone deficiency. Physicians may be reluctant to prescribe TTh
for a patient previously treated for localized prostate cancer for
fear of increasing risk of recurrence. Publication of large-scale
studies with long-term follow-up, such as the recent Ahlering
et al study may help to ameliorate the dearth of evidence
necessary to determine a consensus on TTh treatment.
Sex Med Rev 2021;-:1e13
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CONCLUSION

Available evidence suggests that administration of TTh for the
treatment of testosterone deficiency appears to be safe in patients
previously treated with definitive local therapy for prostate can-
cer. This review validates this finding in patients treated either
with surgical therapy or single or multimodal radiotherapy.
Owing to the limited availability of randomized controlled trials,
clinicians should remain vigilant when selecting for appropriate
patients to administer TTh in secondary hypogonadal men with
a history of prostate cancer.
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