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Abstract

Context—The use of testosterone therapy in men with prostate cancer was previously
contraindicated, although recent data challenge this axiom. Over the past 2 decades, there has been
a dramatic paradigm shift in beliefs, attitude, and treatment of testosterone deficiency in men with
prostate cancer.

Objective—To summarize and analyze current literature regarding the effect of testosterone
replacement in men with prostate cancer.
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Evidence acquisition—We conducted a Medline search to identify all publications related to
testosterone therapy in both treated and untreated prostate cancer.

Evidence synthesis—The historical notion that increasing testosterone was responsible for
prostate cancer growth was based on elegant yet limited studies from the 1940s and anecdotal case
reports. Current evidence reveals that high endogenous androgen levels do not increase the risk of
a prostate cancer diagnosis. Similarly, testosterone therapy in men with testosterone deficiency
does not appear to increase prostate cancer risk or the likelihood of a more aggressive disease at
prostate cancer diagnosis. Androgen receptor saturation (the saturation model) appears to account
for this phenomenon. Men who received testosterone therapy after treatment for localized prostate
cancer do not appear to suffer higher rates of recurrence or worse outcomes; although studies to
date are limited. Early reports of men on active surveillance/watchful waiting treated with
testosterone have not identified adverse progression events.

Conclusions—An improved understanding of the negative effects of testosterone deficiency on
health and health-related quality of life—and the ability of testosterone therapy to mitigate these
effects—has triggered a re-evaluation of the role testosterone plays in prostate cancer. An
important paradigm shift has occurred within the field, in which testosterone therapy may now be
regarded as a viable option for selected men with prostate cancer suffering from testosterone
deficiency.

Patient summary—In this article, we review and summarize the existing literature surrounding
the use of testosterone therapy in men with prostate cancer. Historically, testosterone was
contraindicated in men with a history of prostate cancer. We show that this contraindication is
unfounded and, with careful monitoring, its use is safe in that regard.

Keywords

Testosterone; Androgens; Testosterone therapy; Prostate cancer; Testosterone deficiency;
Saturation mode

1. Introduction

Testosterone deficiency (TD; also known as hypogonadism) and prostate cancer are both
highly prevalent in older men and may impair overall health and quality of life. Up to 25%
of elderly men experience TD [1-3] while the lifetime prevalence of a prostate cancer
diagnosis in developed countries approximates 14% [4]. Testosterone therapy is an effective,
commonly used treatment for clinically significant testosterone deficiency. Testosterone
therapy has been shown to be effective in mitigating the bothersome symptoms and
metabolic sequelae of testosterone deficiency [5,6]. Despite strong evidence of benefit, a
significant proportion of men with TD (those with concurrent or historical prostate cancer)
are frequently denied treatment with exogenous testosterone. Until recently, it was
considered axiomatic that testosterone therapy was contraindicated in men with prostate
cancer. This was based on a strong historical tradition and circumstantial evidence that went
unchallenged. The preponderance of data demonstrating the health and quality of life
benefits of testosterone therapy has elicited a re-evaluation of classic assumptions regarding
the effect of exogenous androgens on the prostate, especially in men with prostate cancer
[7.,8].
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These assumptions date back to the 1940s and can be traced to the work of Charles Huggins.
One of only two urologists that have been awarded a Nobel Prize, Huggins and Hodges'
work described the role of androgens in prostate cancer progression [9]. Their research in
men with metastatic prostate cancer established the androgen hypothesis—that prostate
cancer development and growth is directly related to the degree of androgenic activity in the
body. Their conclusion that cancer of the prostate is “activated” by androgens gave rise to
the belief that raising serum androgens via the administration of exogenous testosterone to
men with prostate cancer would necessarily promote malignant cell growth and disease
progression [9].

Mounting evidence refuting the androgen hypothesis has emerged over the past decade and
there are now numerous published case series indicating lack of apparent cancer progression
among men with prostate cancer treated with testosterone therapy [8,10]. Nonetheless, there
still remains a major concern among physicians that testosterone therapy may unmask occult
prostate cancer in otherwise healthy men with TD, or may cause cancer recurrence or rapid
progression in men with known prostate cancer, even after treatment and apparent cure [11].
The objective of this review is to explore these concerns in light of the existing data
regarding testosterone and prostate cancer.

2. Evidence acquisition

We conducted a Medline search from 1940 to 2015 to identify all publications related to the
use of testosterone in men with prostate cancer, treated or otherwise. We included original
studies as well as review articles. Key words used in this search were “prostate cancer”,

“testosterone”, “testosterone replacement”, “testosterone therapy”, “androgens”,
“hypogonadism”, and “prostate specific antigen.”

3. Evidence synthesis

3.1. Historical perspective

In a 1935 study, Kutscher and Wolbergs [12] found that acid phosphatase was present in
higher concentrations in human and monkey prostate tissue than any other tissue in the body.
This investigative advance allowed Huggins and Hodges [9] to study the effects of hormone
manipulation in prostate cancer. It was known at the time that surgical castration would
cause regression and clinical improvement of benign prostatic enlargement [13,14]. Huggins
and Hodges [9] demonstrated that serum acid phosphatase activity decreased significantly in
men with metastatic prostate cancer treated with orchiectomy or with estrogen treatment that
was known to reduce testosterone secretion. Additionally, they found that injection of
androgen (testosterone propionate) caused an increase of acid phosphatase above
preinjection levels, which returned to baseline following cessation of the drug [9]. Huggins
and Hodges [9] concluded that: (1) prostate cancer was influenced by androgenic activity in
the body, (2) that disseminated prostate cancer is inhibited by androgen elimination, and that
(3) prostate cancer is activated by androgen injections [10].

Largely based on these studies, surgical castration (bilateral orchiectomy) became the
mainstay of treatment for men with metastatic prostate cancer for decades. Medical
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castration through androgen deprivation therapy (ADT) has largely supplanted bilateral
orchiectomy; although the efficacy of both modalities is undisputed. Prostate specific
antigen (PSA) has replaced serum acid phosphatase as the laboratory test of choice in
prostate cancer for improved sensitivity and specificity. Men undergoing surgical or medical
castration experience dramatic decrease in PSA and, in most cases, clinical disease
regression. The positive experiences with ADT, Huggins' Nobel-prize winning work, and
some anecdotal case reports, combined to create an axiomatic belief that exogenous
androgen is contraindicated in men with prostate cancer. That belief has been largely
unchallenged for 7 decades.

Administration of exogenous androgen had, until recently, relatively few indications. Our
emerging understanding of TD, its negative consequences, and the known benefits of
testosterone therapy has led to a scientific re-evaluation of the risks of testosterone therapy,
including its safety with regard to prostate cancer. Testosterone deficiency is a clinical
syndrome consisting of a variety of characteristic symptoms and signs in combination with
low serum testosterone concentrations. Symptoms include low libido, erectile dysfunction,
reduced morning erections, depressed mood, and fatigue [15,16]. Signs include anemia,
reduced muscle mass, increased fat mass, and reduced bone mineral density. Although
prevalence estimates differ, the clinical entity of TD is common in adult men, and increases
with aging (Table 1).

Repletion of androgen levels via testosterone therapy has been shown to ameliorate many of
the negative consequences of TD, namely, body composition, metabolic control,
psychological, and sexual parameters [17]. Meta-analyses of randomized trials demonstrate
a reduction in fat mass and an increase in lean body mass and muscle strength in middle-
aged and older men on testosterone therapy [18,19] (Level 1a, Grade A). Bone density in
hypogonadal men of all ages in increased with testosterone [20] (Level 1b, Grade A). In men
with sexual dysfunction, testosterone therapy yielded improvement in some aspects of libido
and sexual performance [21] (Level 2a, Grade A). A meta-analysis demonstrated a positive
effect on mood [22] (Level 1a, Grade A). The historical androgen hypothesis, as previously
described, assumes a linear relationship between prostatic cancer cell growth and serum
androgens— namely, that ever-higher serum androgen concentrations lead to ever-greater
prostate cancer growth. This assumption has not been supported in literature. Firstly, there is
no known correlation between serum testosterone levels and prostate size or PSA level [23].
Secondly, testosterone administration at supraphysiologic doses to volunteers without
prostatic disease for periods up to 9 mo did not result in increased prostate volume or serum
PSA [24]. Thirdly, large prospective studies have not shown a link between endogenous
serum testosterone levels and risk of developing prostate cancer [8,23-25].

3.3. Saturation model

These data led to the development of the saturation model first proposed by Morgentaler in
2006 [7], and further refined by Morgentaler and Traish in 2009 [10]. This model resolves
two distinct and seemingly contradictory observations. One is that both benign and

malignant prostate tissues appear indifferent to variation in serum androgen concentrations
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throughout the normal concentration range, and the second is that there is clearly exquisite
sensitivity to variation in androgen concentration at very low concentrations. The saturation
model resolves this paradox by positing that there is a finite ability of androgens to stimulate
prostate cancer growth.

Multiple mechanisms may contribute to this. The androgen receptor becomes saturated in
human prostate tissue at approximately 4 nmol/l (approximately 120 ng/dl) in vitro,
corresponding to approximately 8 nmol/l (240 ng/dl) in vivo due to the presence of binding
hormones [26,27]. Marks et al [28] showed that androgen concentrations in prostatic tissue
remained unchanged while patients were being treated with testosterone therapy despite
large increases in serum testosterone. In the 2006 randomized, double blind, placebo-
controlled trial, testosterone therapy showed no effect on prostate tissue histology, tissue
biomarkers, gene expression, cancer incidence, or severity [28]. Likewise, in androgen
sensitive prostate cancer cell lines, cell growth accelerated rapidly with androgen exposure
but demonstrated a stabilizing dose response curve with increasing doses of androgen [7,9].

Empirically, the saturation point at which there is no further appreciable growth with
increasing serum T concentration appears to be at approximately 240-250 ng/dl, consistent
with predicted values based on maximal androgen receptor binding to androgen. In the
TRIUS registry, men with baseline serum T concentrations greater than 250 ng/dl did not
demonstrate a rise in PSA [29]. Similarly, in a 6-mo prospective, placebo-controlled
testosterone gel study, an increase in PSA was seen in men with baseline T < 250 ng/dl, but
not in men with baseline T > 250 ng/dl [30]. Finally, Rastrelli et al [31] showed a naturally
occurring saturation curve (Fig. 1) for PSA in 2967 men with a nearly identical saturation
point of 8 nmol/l (approximately 240 ng/dl).

3.4. Does testosterone affect prostate cancer risk or severity?

In a 2008 pooled-analysis study of 18 population-based longitudinal studies comprising
3886 men with prostate cancer and 6438 matched controls, Roddam et al [32] found no link
between endogenous androgen levels and risk of developing prostate cancer. In a summary
of the placebo arm of the Reduction by Dutasteride of Prostate Cancer Events trial, Muller et
al [33] show that in 3255 men undergoing prostate biopsy at 2 yr and 4 yr, prostate cancer
risk was unrelated to serum androgen levels. As such, men with higher endogenous
testosterone levels are not more likely to develop prostate cancer.

Although no randomized controlled trial has tested whether testosterone therapy increases
the risk of developing prostate cancer, a 2005 meta-analysis of 19 randomized controlled
trials by Calof et al [34] showed no statistically significant difference in prostate cancer
diagnoses among those that used testosterone compared to placebo. Fenely and Carruthers
[35] followed British men on testosterone therapy over time and found the risk of prostate
cancer diagnosis to be similar to age-matched controls in the population. Shabsigh et al [36]
confirmed these findings in a 2009 systematic review of 11 testosterone trials that did not
show increase in prostate cancer risk in men that used testosterone therapy. Haider et al [37]
reported a pooled cohort of 1023 patients on testosterone across three registries that were
followed for a median of 5-yr duration. The prostate cancer incidence was lower than
population levels estimated from American and European screening trials. In two
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population-based studies, both Kaplan and Hu [38] and Baillargeon et al [39] showed that
prior use of testosterone therapy did not predispose to worse prostate cancer severity.
Combined, these data can reliably quell concern that neither high endogenous testosterone
nor exogenous androgen supplementation increase the risk of prostate cancer diagnosis [40].
Conversely, the risk of prostate cancer diagnosis—and/or worse prostate cancer severity—
has been shown to be higher in men with low endogenous androgen levels [41,42]. Léon et
al [43] found that low free and bioavailable testosterone levels were associated with high-
grade prostate cancer at radical prostatectomy [43], although the consistency and clinical
significance of these findings remain to be seen.

3.5. Testosterone therapy in men treated for prostate cancer

Throughout the early 2000s, clinical evidence discounting testosterone as a linear
mechanistic cause of prostate cancer growth mounted. Additionally, alternative mechanistic
hypotheses were offered (ie, the saturation model) as described above. This environment
coupled with a growing understanding of the negative health effects and decreased quality of
life in men with TD to induce a paradigm shift away from testosterone as a prostate cancer
inducer. This shift provided clinicians with a new potential approach in the treatment of men
with bothersome and symptomatic TD that had been previously treated for prostate cancer
[10]. Published case series beginning in the mid-2000s reported on prostate cancer-specific
safety of testosterone therapy.

The first published case series by Kaufman and Graydon [44] in 2004 reported no
biochemical recurrences in seven men with predominantly low risk prostate cancer treated
with radical prostatectomy. All PSAs were undetectable after surgery and remained so after
testosterone administration. The median follow-up was 24 mo, although one patient was
followed for 12 yr. Similarly, in 2005, Agarwal and Oefelein [45] reported undetectable PSA
in 10 men with mostly intermediate risk prostate cancer treated with radical prostatectomy
and subsequent testosterone. Median follow-up time was 19 mo. In 2009, Khera et al [46]
reported their series of 57 men with predominantly low and intermediate risk disease treated
with testosterone therapy for an average of 36 mo after radical prostatectomy. After a
median follow-up time of 13 mo, there were no biochemical recurrences noted.

In a 2013 study, Pastuszak et al [47] reported their series of 103 hypogonadal men
previously treated with radical prostatectomy that underwent testosterone treatment. Twenty
six (25%) men in the study had high-risk disease. The cohort was compared with 49 controls
who did not receive testosterone. A statistically significant increase in PSA was noted in the
treatment group during the median 27.5-mo follow up period while no increase was detected
in the no-treatment group. Despite this PSA increase, however, there were actually more true
prostate cancer recurrences in the control group [47].

In a 2007 study published in Cancer, Sarosdy [48] reported no biochemical recurrences in 31
men with mostly low-risk prostate cancer treated with brachytherapy. The median follow-up
time was 5 yr and neither Phoenix nor American Society for Radiation Oncology recurrence
criteria were met in any patients. In a more recent brachytherapy study by Balbontin et al
[49], none of the 20 men with predominantly low risk prostate cancer treated with
brachytherapy experienced biochemical recurrence. The median follow-up time of this 2014
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study was 2.5 yr. In fact, PSA levels in this study actually decreased from 0.07 ng/ml to 0.01
ng/ml. In 2009, Morales et al [50] reported their series of five men that had undergone
external beam radiation therapy (EBRT) and were subsequently treated with testosterone
after they reached their nadir PSA. One patient did experience a transient increase in PSA
but none reached levels higher than 1.5 ng/ml. Pastuszak et al [51] followed 13 men with
predominantly low and intermediate risk prostate cancer treated with testosterone therapy
after either brachytherapy or EBRT for 30 mo. No biochemical recurrences were noted in
this 2013 report.

In the largest radiation therapy series to date, Pastuszak et al [52] describe a multi-
institutional cohort of 98 men given testosterone therapy after being treated with radiation
(brachytherapy or EBRT) for prostate cancer. The median follow-up in this 2015 study was
40.8 mo; 76.6% of the cohort had low or intermediate risk prostate cancer. A clinically
insignificant increase in mean PSA was noted from 0.08 ng/ml to 0.09 ng/ml (p = 0.05). Six
(6.1%) men met either Phoenix or American Society for Radiation Oncology criteria for
biochemical recurrence during the study period with two of those requiring subsequent
initiation of ADT. Two of these were treated with brachytherapy and may have been
experiencing a “PSA bounce” rather than true biochemical recurrence. The authors noted
that a 6% biochemical recurrence rate would indeed be lower than previously reported rates
for radiation therapy, although the limited sample size, retrospective study design, and
single-arm cohort makes drawing definitive conclusions challenging [52].

Using linked, Surveillance, Epidemiology, and End Results Medicare data, Kaplan et al [53]
identified 149 354 men diagnosed with prostate cancer between 1992 and 2007. In that
cohort, 1181 (0.79%) had used testosterone therapy after being diagnosed with prostate
cancer. Using propensity-scoring analysis, the authors found that use of testosterone after
diagnosis was not associated with overall mortality, cancer-specific mortality, or the
subsequent use of salvage ADT. These results remained consistent when the cohort was
classified by cancer stage, grade, and treatment type. In a follow-up study, Kaplan et al [54]
used time-varying analysis to show that increasing duration of testosterone therapy usage in
this same cohort did not increase mortality or the use of salvage ADT. In both of these large,
population-based studies, prostate cancer treatment type (including active surveillance/
watchful waiting) was statistically controlled for and results did not change. Although
outcomes of testosterone use in men with untreated prostate cancer was not the primary
outcome in either of these studies, the results are provocative.

3.6. Testosterone therapy in men with untreated prostate cancer

Reports of testosterone therapy in men on active surveillance or watchful waiting for
prostate cancer are more limited. Morgentaler and Rhoden [55] framed this topic in literature
as early as 2006 when they found that 15% of men with TD and a PSA of 4.0 ng/ml or less
had biopsy-detectable prostate cancer. To that end, treating a man with a normal PSA and
TD without rule-out biopsy is akin to offering testosterone therapy to men with prostate
cancer 15% of the time. In 2011, Morgentaler et al [56] reported their experience with the
treatment of 13 testosterone-deficient men with testosterone therapy that were on an active
surveillance protocol for localized prostate cancer. The median follow-up duration was 30
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mo. Twelve men had low risk disease and one had intermediate risk prostate cancer. All men
had a follow-up biopsy as a part of their protocol. No upgrading or prostate cancer
progression events were reported [56].

In another 2011 study, Morales [57] reported his experience with testosterone therapy in
seven patients with untreated prostate cancer. Six men had low risk disease while one had
high risk Gleason grade 4+4 disease. Two were given testosterone intermittently. The author
recommends proceeding with caution as the PSA responses in this small series were erratic.
It must be noted, however, no follow-up biopsies were performed in these patients and only
PSA kinetics was studied [57]. Although the use of testosterone therapy in men on active
surveillance may appear to push the limits of safety, it is worth noting that low free
testosterone concentrations were found to be an independent predictor of disease
reclassification (ie, progression) in a study of 154 men on an active-surveillance protocol
[58].

Recently, Kacker et al [59] investigated prostate cancer progression rates in testosterone-
deficient men on active surveillance. Progression rates in men being treated with
testosterone therapy were compared with those not being treated for TD. This retrospective
review included 28 men in the treatment arm and 96 men untreated for TD. The authors
found that biopsy progression rates were similar between groups over a 3-yr follow-up
period [59]. These preliminary data suggest that there may be prognostic value in obtaining
serum testosterone tests during active surveillance. Overall, the evidence on testosterone
therapy in men with untreated prostate cancer remains sparse, and caution is indicated in this
population.

3.7. Normalizing testosterone levels may be important in prostate cancer control; the
concept of bipolar androgen treatment

Recent data suggest that using testosterone therapy to optimize serum androgen
concentrations may play an important role in prostate cancer control. This suggestion is
supported by several findings in literature. Low serum testosterone is associated with higher-
grade prostate cancer [40-42]. Conversely, in young men with peak lifetime testosterone
concentrations, prostate cancer is exceedingly rare. Song and Khera [60] exposed prostate
cancer cell lines to varying levels of androgen in vitro. Cells exposed to physiologically
normal levels of androgen experience inhibited growth patterns. Likewise, in-vivo studies
using low androgen adapted LNCaP human prostate cancer xenografts demonstrate inhibited
prostate cancer growth under exogenous androgen exposure. Chuu et al [61] showed that
nude mice that were derived from androgen adapted (ie, androgen receptor saturated)
LNCaP cell lines experienced rapid cancer cell growth in the absence of androgen. When the
mice were implanted with a testosterone pellet, reaching supraphysiologic testosterone levels
they experienced sustained tumor regression.

These early data suggesting a benefit of androgen normalization in prostate cancer triggered
investigation into bipolar androgen therapy (BAT) for the treatment of castrate resistant
prostate cancer (CRPC). In CRPC, androgen receptor expression persists despite maximal
androgen ablation. Paradoxically, some androgen receptor-expressing “androgen-sensitive”
prostate cancer cells can be inhibited by exposure to supraphysiologic androgen levels [62].
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The possible explanations behind this phenomenon are that high androgen levels inhibit
relicensing of DNA in cells expressing high-levels of androgen receptor or that androgens
induce breakage in double-strand DNA of rapidly dividing cells [62]. Issacs et al [63]
suggest that CRPC cells acquire adaptive autoregulation to increase androgen receptor
expression in a low androgen environment. Early pilot data from the same investigators
suggest that capitalizing on that androgen receptor up-regulation through acute
supraphysiologic androgen followed by acute ablation (ie, BAT) is effective in xenografts
[63]. Early pilot clinical data suggest BAT may restore CRPC cells to androgen-sensitivity to
traditional ADT [64]. While these data are to date preliminary, they are nonetheless
hypothesis generating and thought-provoking in light of the dramatic shift in our
understanding of the role androgens play in prostate cancer. Indeed, that testosterone is
being used to treat CRPC suggests the conceptual shift regarding androgens and prostate
cancer is nearly complete. If testosterone can be used as a treatment in men with prostate
cancer, this underscores the notion that testosterone therapy in men with no residual disease
is neither radical nor dangerous.

4. Discussion

Over the past decade, there has been an important paradigm shift in the understanding of the
relationship between androgen levels and prostate cancer. Huggins and Hodges' [9] seminal
work identifying the impressive effect of androgen withdrawal (ie, castration) on prostate
cancer was of paramount significance. However, misinterpretation of his original work led to
erroneous conclusions surrounding testosterone therapy in men with prostate cancer. We
now have convincing evidence that: (1) TD is detrimental to health and has a significant
impact on quality of life, (2) testosterone therapy can mitigate these untoward effects, (3)
high levels of endogenous androgen does not increase the risk or severity of prostate cancer,
(4) testosterone therapy does not increase the risk or severity of prostate cancer, and that (5)
the impact of androgen on prostatic cells is subject to a saturation effect (Table 2) [10]. The
several studies described above, including single-institution case series, multi-institution
series, and population-based studies, have not found a higher than expected risk of prostate-
cancer progression or recurrence in men that received testosterone therapy that were
previously treated for prostate cancer. Although small in number, these studies include those
treated with radiation-based as well as extirpative therapies.

Despite these data and the marked paradigm shift, the administration of testosterone to men
with a history of prostate cancer remains controversial. In a recent German survey-based
retrospective study, researchers sent questionnaires to all registered urologists in Bavaria,
Germany [65]. Forty-six percent (1= 193) responded to the request, which inquired about
the urologist's experience with testosterone therapy in men with a history of prostate cancer.
Among the 193 urologists, only 32 cases of testosterone therapy in men with prostate cancer
were reported [65]. In a 2012 description of international testosterone utilization patterns,
Gooren and Behre [11] provide updated follow-up data from a prior 2006 analysis to
compare usage in 2010. Prostatic disease remained a significant barrier to testosterone
administration in several countries. Accordingly, 11% of eligible patients did not receive
testosterone therapy. In meta-analyses, TD is associated with obesity, metabolic syndrome,
and sexual dysfunction. Testosterone therapy is effective in mitigating many sequelae of
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these conditions [66—68]. Through comprehensive systematic review, we show that to date,
the evidence overwhelmingly suggests testosterone therapy does not increase the risk of
prostate cancer. Mediated by mechanisms explained in the saturation model, testosterone
therapy does not appear to cause prostate cancer recurrence in men that have been treated for
their malignancy. Early data also suggests that testosterone does not cause prostate cancer
progression in the untreated. These findings represent a paradigm shift challenging a
urologic maxim that dates back 75 yr. Despite the reassuring nature of these findings,
continued scrutiny is needed.

In a 2014 review, Khera et al [8] laid out criteria to consider before initiating testosterone
therapy in men with a history of prostate cancer: (1) clinicians should confirm that the
clinical history is consistent with a laboratory diagnosis of TD, (2) the prescribing clinician
must disclose that there are limited data confirming testosterone safety and that the true risks
are unknown, (3) he/she must obtain informed consent, (4) confirm that there are no medical
contraindications (ie, erythrocytosis), (5) the PSA should be either undetectable or stable, (6)
clinicians must be prepared for a prostate cancer recurrence (the authors note that this
recurrence may or may not have any relation whatever to the testosterone therapy but might
be interpreted as such by the patient), (7) testosterone therapy should be used with extreme
caution in men at high risk for prostate cancer recurrence or progression, and (8) it is not
recommended that testosterone be concomitantly administered with ADT [8].

We expand upon these criteria in Table 3. This table reflects the authors' expert opinions and
recommendations in light of the aforementioned limitations in the data. As understanding of
the effects of testosterone therapy on the prostate continues to evolve, these criteria can serve
as a guide by which clinicians can approach TD in a thoughtful, effective manner.

5. Conclusions

In this systematic review, we show that the use of testosterone therapy does not increase the
risk of developing prostate cancer nor worsen its severity if previously diagnosed. Through
the framework of the saturation model, we now know that androgens have a finite ability to
stimulate prostate cancer cells. This paradigm shift has allowed clinicians to treat TD in men
with a history of prostate cancer. Testosterone therapy in men that have a history of prostate
cancer does not appear to increase the rate of recurrence or progression. Although a
definitive assessment of risk would require long-term controlled data, no study is currently
underway to assess testosterone risk in prostate cancer. To that end, clinicians must use their
best judgment with the available evidence at hand. With careful clinical monitoring using the
criteria listed in Table 3, we believe testosterone therapy can be safely used to treat TD in
men with a history of prostatic malignancy. We strongly encourage research efforts in this
area, which should include well-designed, adequately powered prospective controlled
studies of testosterone therapy in men with prostate cancer.
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We review and summarize existing literature surrounding testosterone therapy in men
with prostate cancer. Historically, testosterone was contraindicated in men with prostate
cancer. We show that this contraindication is unfounded and testosterone use is safe with
careful monitoring.
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Table 1
Summary of known evidence regarding testosterone deficiency
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Known evidence in testosterone deficiency

Levels of evidence

TD confers negative impact on health and quality of life [17-22] la
Testosterone therapy can mitigate untoward effects of TD [17-22] la
Higher endogenous serum androgen concentrations are not associated with increased risk of developing prostate cancer, la
or severity of prostate cancer [32,33]

Testosterone therapy is not associated with increased risk or severity of prostate cancer [34-40] 2a
Impact of androgen on prostate cells is subject to a saturation effect [7,9,10,26-28] 2b

TD = testosterone deficiency.
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Table 3
Authors' recommendations in managing testosterone deficiency in men with history of
prostate cancer?
Recommendation Level of evidence | Grade
Prior to initiating testosterone therapy
The clinical history should be consistent with a laboratory diagnosis of testosterone deficiency. - S
The clinician must disclose that data are limited confirming safety and that true risk is unknown. - S
The clinician should use shared decision-making and obtain informed consent. - S
Confirm there are no medical contraindications (eg, erythrocytosis) to testosterone therapy. - S
PSA should be either undetectable following radical prostatectomy or stable following radiation treatment - S
over a 6-mo period. Exercise extreme caution in men at high risk for recurrence or progression.
Testosterone therapy should not be given with ADT unless in a clinical trial. - S
Suitable options for testosterone therapy
Short-acting formulations are preferred for initial treatment. Longer-acting treatments such as intramuscular 3 B
testosterone undecanoate or subcutaneous pellets may be considered once it becomes clear that testosterone
therapy has not caused progression or recurrence.
Following initiation of testosterone therapy
Clinicians must be prepared for prostate cancer recurrence. This may or may not be related to testosterone - S
therapy but may be interpreted as such by the patient, his family, or other clinicians.
Measure hematocrit and/or hemoglobin 2—4 times in the 15t yr, then annually. 4 C
Measure PSA every 3-4 mo in the 1%t yr after initiating testosterone and twice a yr thereafter. Perform DRE 1- | 4 C
2 times within 15t yr, then annually.
Men on AS should undergo annual prostate biopsy to ensure cancer stability. Longer intervals may be - S

considered after disease stability has been determined, as per local AS protocols.

A = based on clinical studies of good quality and consistency addressing the specific recommendations and including at least one randomized trial;
ADT = androgen deprivation therapy; AS = active surveillance; B = based on well-conducted clinical studies, but without randomized clinical
trials; C = made despite the absence of directly applicable clinical studies of good quality; DRE = digital rectal exam; PSA = prostate-specific

antigen; S = strong recommendation by expert opinion in absence of direct clinical evidence; 1a = evidence obtained from meta-analysis of
randomized trials; 1b = evidence obtained from at least one randomized trial; 2a = evidence obtained from systematic review of cohort stud

ies; 2b =

evidence obtained from individual cohort studies; 3 = evidence obtained from case-control studies; 4 = evidence obtained from expert committee

reports.

aModification of criteria outlined by Khera et al [8]. Adapted from 2015 European Association of Urology guidelines on male hypogonadism [17]

and recommendations by the International Society for the Study of the Aging Male [20].
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