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Objectives: To review the latest innovations and advances in testosterone treatments includ- Received 25 April 2021
ing their advantages and disadvantages and to address important issues in testosterone Accepted 16 May 2021
therapy (TTh).

KEYWORDS
Methods: This review was conducted according to the Preferred Reporting Items for Systemic

Hypogonadism; testosterone

Reviews and Meta-analyses guidelines. The PubMed, MEDLINE, Scopus and Cochrane data- therapy; ageing male; sexual
bases were searched using specifically related key words. The identified studies were screened health; obesity; prostate
for inclusion criteria that included studies discussing one of the four objectives of the systema- health; diabetes

tic review: 1) cut - off references, 2) prevention/remission of type Il diabetes mellitus (T2DM), 3)
duration of treatment, and 4) prostate, lower urinary tract symptoms, prostate health, or
cancer. The search was limited to the past 15 years. Any studies were not written in English
were excluded.

Results: The initial literature search retrieved 393 studies. After screening four studies were
removed due to duplication, 360 studies were further excluded after reviewing the title,
abstract or the whole manuscript due to different exclusion criteria or being not focussed on
the objective. Finally, 29 studies were included in the review. One study discussed the cut - off
value, four studies discussed the effect of testosterone replacement therapy (TRT) on the
control of T2DM, four studies on duration of TRT, and 20 studies discussed the effects of TRT
on the prostate

Conclusions: Numerous studies have demonstrated the benefits of TTh in overtly hypogona-
dal men. There are several possible administration routes for testosterone treatment. Each
approach has advantages and disadvantages, and the choice of the method of TRT will often be
determined by patient preference or co-medication (no intramuscular injections in patients
under coumarin or similar anticoagulants). Although new developments are promising, it
seems that among the available treatments, only transdermal gel delivery and long-acting
injectable testosterone undecanoate provide pharmacokinetic behaviour that gives a steady
state level within a physiological range.

Introduction oral soft gel formulation of TU is the latest innovation
in testosterone therapy (TTh) and recent reports of
phase Il clinical studies have shown that this new
formulation is safe and effective as a therapeutic in
the treatment of men with hypogonadism [3]. Two
synthetic paths were used to make the oral testoster-
one: the alkylation of the C-17 position using chemical
modification of testosterone, to make the tertiary alco-
hol derivative, 17 a-methyl-testosterone (methyltes-
tosterone) that is found to resist hepatic metabolism
and cause potentially serious liver toxicity or by the
esterification reaction of testosterone using fatty acid
to make the ester-linkage testosterone derivative as IM
injections (testosterone enanthate, cypionate, and TU)
and for oral use (TU only). Although TU has been found
to be absorbed via the intestinal lymphatic system and
has been widely available and used outside the USA,

During the last two decades, there has been
a revolution in therapeutic treatment options to pro-
vide healthcare providers and their hypogonadal
patients the best treatment option when aiming to
restore serum testosterone to physiological concentra-
tions. Different therapeutic options have been
reported from implanted testosterone pellets to inject-
able testosterone esters, short and long acting and
then to oral methyltestosterone. The first-generation
oral testosterone undecanoate (TU) product then to
scrotal and non-scrotal testosterone patches and
then to topical testosterone gels [1]. Other recent tes-
tosterone replacement therapy (TRT) innovations
include a long-acting TU injection (intramuscular [IM])
and a short-acting testosterone enanthate injection
(hypodermal) [2] and a nasal testosterone gel. The
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Figure 1. PRISMA flow diagram.

due to its pharmacokinetic profile it has never been
approved for use in the USA [2].

For TTh, gels and long-acting TU 1000 mg can
both help to bring the testosterone level to
a steady state physiological concentration, with
the long-acting IM injections (TU 1000 mg for
quarterly IM injections, available since
November 2004) reaching higher physiological
levels, which results in more profound clinical
effects and preferable benefits on different organ
systems.

The innovations and advances made in TTh in the
last two decades can be categorised in to four main
areas: 1) Cut-off references; 2) Prevention/remission of
type Il diabetes mellitus (T2DM); 3) Duration of treat-
ment (or how long should last TTh?); and 4) Prostate,
LUTS, prostate health, cancer (paradigm shift). In addi-
tion, advances have been made in enhancing the role
of testosterone as a metabolic hormone with favour-
able effects on 1) Sexual function; 2) Obesity; 3)
Muscles vs fats; 4) Bone health; 5) Blood formulation
(anaemia); 6) cardiovascular effects and blood pres-
sure; 7) Renal function; 8) Liver function and steatosis;
and 9). Depression.

The aim of the present review was to consolidate
the recent data on the four main innovations in TTh.

Methods

This review was conducted according to the
Preferred Reporting Items for Systemic Reviews
and Meta-analyses (PRISMA) guidelines. The
PubMed, MEDLINE, Scopus, and Cochrane
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Records excluded™
(4 = duplicate)

Reports excluded by screening

(n=235)

Not focusing on objectives (n
= 96)

Case reports (n = 12)

Not English (n = 6)

Animal studies (n = 11)

databases were searched using the following key-

words: (‘testosterone’ or ‘testosterone replace-
ment’) AND ‘diabetes’ OR ‘Prostate’, ‘prostate
cancer’ OR ‘interrupted’ OR ‘interruption’ OR

‘LUTS’ OR ‘cut-off’ OR ‘reference range’. Studies
recruited were screened for inclusion criteria,
which included studies discussing one of the four
objectives of the systematic review:

(1) Cut off references,

(2) Prevention/remission of T2DM

(3) Duration of treatment

(4) Prostate, LUTS, prostate health or cancer.

The search was limited to the past 15 years. Animal
studies, case reports and studies not written in English
were excluded. Screening was done by two research-
ers individually. In case of discrepancy between them,
a senior researcher would review it (Figure 1).

Results

The initial literature search retrieved 393 studies.
After screening four studies were removed due to
duplication, 360 studies were further excluded
after reviewing the title, abstract or the whole
manuscript due to different exclusion criteria or
being not focussed on the objective. A total of 29
studies were ultimately included in the review. One
study discussed the cut-off value, four studies dis-
cussed the effect of TRT on control of T2DM, four
studies on duration and interruption of TRT, and 20
studies discussed effect of TRT on the prostate.
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Areas of concentration of four major
innovations

Cut-off or threshold (normal testosterone range)

Reference ranges are essential for partitioning testos-
terone levels into low or normal and making the diag-
nosis of androgen deficiency. Bhasin et al. [4]
established reference ranges for total testosterone
(TT) and free testosterone (FT) in a community-based
sample of men. These reference ranges generated in
a community-based sample of men provide a rational
basis for categorising testosterone levels as low or
normal. Men with low TT or FT by these criteria have
a higher prevalence of physical dysfunction, sexual
dysfunction, and DM. These reference limits are 12.1-
33 nmol/L for TT and 70-141 pg/mL for FT [4].

Prevention/remission of T2DM

Type Il DM is often associated with obesity and sub-
normal serum testosterone levels. Until recently, there
was no indication that men with type | DM had sub-
normal serum testosterone levels. Studies indicated, as
arule in aged men and men with obesity, that ~10% of
men with type | DM have hypogonadism.

In 2019, Yassin et al. [5] reported on long-term TRT
in men with hypogonadism for an 8-year period and
found that it completely prevented the progression of
pre-DM to overt T2DM in men with hypogonadism and
pre-DM. TRT also resulted in a marked reduction of
cardiovascular disease (CVD) risk by reducing body
weight, waist circumference, and glycaemia and
improving dyslipidaemia.

In 2018, Morgunov et al. [6] studied hypogonadism
and its treatment following ischaemic stroke in men with
T2DM. The authors found that TRT was a useful clinical
tool to manage ischaemic events in this subset of
patients, whilst having a potentially positive effect in
their mobility and the overall quality of life. This study
recommended that with careful monitoring, testoster-
one-deficient patients with T2DM and cardiovascular
risk may benefit from TRT.

Other observational studies of pooled analyses in
obese hypogonadal men with T2DM found that TRT
significantly reduced fasting blood glucose and hae-
moglobin subunit alpha 1 ¢ (HbA1c) levels, reduced
total cholesterol, low-density lipoprotein cholesterol,
triglycerides, levels of inflammatory markers and sug-
gesting reduction in the inflammation response and
increased high-density lipoprotein cholesterol levels
and improved systolic and diastolic blood pressure.
TRT of obese, diabetic men improves glycaemic control
and lipid profiles and may prove useful in reducing the
risk of CVD [7]. All these data [5-7] were recently
validated in a placebo-controlled study over 2 years
published in January 2021 [8].

Duration of treatment (or how long should we
treat with testosterone?)

Four papers discussed this key question on ‘How long
should we treat with testosterone?'.

Our observation indicates that testosterone admin-
istration improves body weight and metabolic factors
in men with hypogonadism, but withdrawal of testos-
terone reverses these beneficial effects, which appear
again when TTh is resumed [9,10].

A total of 262 hypogonadal patients (mean age
59.5 years) received TU in 12-week intervals for a max-
imum of 11 years. Of these men, 147 had their TRT
interrupted for a mean of 16.9 months and resumed
thereafter (Group A). The remaining 115 patients were
treated continuously (Group B). Prostate volume, PSA,
residual voiding volume, bladder wall thickness,
C-reactive protein (CRP), Aging Males’ Symptoms
(AMS) scale, International Index of Erectile Function-
erectile function (IIEF-EF) and IPSS were measured over
the study period with anthropometric parameters of
obesity, including weight, body mass index and waist
circumference. Prior to interruption, TRT resulted in
improvements in residual voiding volume, bladder
wall thickness, CRP, AMS, IIEF-EF, IPSS and obesity
parameters, while PSA and prostate volume increased.
TRT interruption reduced TT to hypogonadal levels in
Group A and resulted in worsening of obesity para-
meters, AMS, IPSS, residual voiding volume and blad-
der wall thickness, IIEF-EF, and PSA, while CRP and
prostate volume were unchanged until treatment
resumed whereby these effects were reversed. These
observations indicate that testosterone administration
improves body weight and metabolic factors in men
with hypogonadism, but withdrawal of testosterone
reverses these beneficial effects, which reappear
when TRT is resumed. TRT interruption results in wor-
sening of symptoms, thus hypogonadism may require
lifelong TRT [11].

Prostate health and cancer (paradigm shift)

For a long time, it was believed that higher testoster-
one concentrations increased the risk of prostate can-
cer or caused rapid cancer growth, while low
testosterone concentrations would have a protective
outcome. PSA is often used as a marker of prostate
health, and several studies have investigated this asso-
ciation and at how TRT affects PSA. Most of these
studies found that increased testosterone even over
the long term does not affect PSA or its effect to be
negligible [12-15].

A prostate saturation hypothesis by Morgentaler
and Traish [16] may explain these results, that when
androgen receptors on the prostate become ‘satu-
rated’, the prostate becomes insensitive to further
serum testosterone increases, such as with TRT.



A placebo-controlled trial study by Marks et al. [17]
found an increase in serum testosterone and dihydro-
testosterone when men were on IM TRT for 6 months;
however, when biopsied before and after TRT, there
was no change in androgen levels within the prostate
tissue. PSA is not the perfect marker for prostate can-
cer; so, several studies have tried to clarify if TRT
increases the occurrence of prostate cancer.
A plethora studies have not demonstrated testoster-
one concentrations to be higher in men with prostate
cancer compared to those without cancer. Moreover,
reports have shown that hypogonadal men with nor-
mal PSA levels do not have lower cancer rates than the
general healthy population [18].

Haider et al. [19] reported the observations of three
registries on the incidence of prostate cancer in 1023
hypogonadal men receiving TRT followed-up for
5 years. The authors suggest that TRT does not increase
the risk of prostate cancer. Yassin et al. [20] showed
that TRT does not increase the risk for prostate cancer
when compared to healthy men and recommended
further investigations to truly understand the complex
relationship between prostate cancer and testoster-
one. Other studies investigated the effects of TRT in
patients who had prostate cancer especially those who
were diagnosed with prostate cancer but untreated.
A prospective data study on 553 patients who under-
went prostate biopsy to investigate the role of TRT in
prostate safety and cancer progression. The authors
found that the incidence of positive prostate biopsies
was lowest in hypogonadal men receiving TRT and
with lower prostate cancer severity in terms of staging.
These results suggest that TRT might have a protective
effect against high-grade prostate cancer [21,22].

In fact, several authors found no recurrences while
on TRT, suggesting that TRT can be safe regardless of
risk [20,21,23,24].

On the other hand, many studies discussed and
examined the influence of testosterone administration
on symptom scores of LUTS and on BPH. In a review by
Yassin et al. [25] in 2006, the authors referred to some
studies investigating the effects of normalising testos-
terone levels in elderly men and found that it had
a positive effect on variables of the metabolic syn-
drome and, simultaneously, on scores of the IPSS
(which is worthy of further investigation in rando-
mised, controlled and sufficiently powered clinical
trials). Other studies followed, stating the relationship
between erectile dysfunction and LUTS and TTh alone
or in combination with a-blockers or phosphodiester-
ase type 5 inhibitors (PDE-5i) can improve both erectile
dysfunction and LUTS [26]. Studies on interruption of
TTh and resumption clearly showed the benefits on
LUTS and voiding symptoms, where authors stated
that interruption reduced TT to hypogonadal levels
resulting in worsening of obesity parameters, AMS,
IPSS, residual voiding volume and bladder wall
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thickness, IIEF-EF, and PSA while CRP and prostate
volume were unchanged until treatment resumed
whereby these effects were reversed. TTh interruption
results in worsening of symptoms. Hypogonadism may
require lifelong TTh [9-11].

The traditional assumption that the prostate is an
exquisitely sensitive organ to androgen action still
holds true, but there are several new insights:

e The saturation model: with lower-than-normal
circulating levels of testosterone, all androgen
receptors are saturated and a further increase in
circulating levels of testosterone has no effect on
the prostate.

e This has relevance for prostate disease (prostate
cancer and BPH) usually occurring at an age when
circulating levels of testosterone are declining.
These diseases cannot be attributed to an excess
of testosterone.

e |t is customary now not to attribute the bother
elderly men experience with micturition to the
prostate only, but to subsume this under pathol-
ogy of the lower urinary tract. Surprisingly, these
structures have androgen receptors and for their
functioning they depend on nitric oxide (NO) for
the relaxation of smooth muscle structures, hav-
ing this in common with the biological substrate
of erectile function. This explains why PDE-5i ben-
efit both erectile function and LUTS [26-28].

Testosterone augments the action of NO and there-
fore testosterone might be helpful in men with LUTS
who are testosterone deficient. It becomes apparent
that testosterone is not only significant for the forma-
tion of male urogenital anatomical structure prena-
tally, their growth and functioning at the time of
puberty but that these structures also need testoster-
one for maintaining their normal functioning. TTH
might improve irritative and obstructive symptoms
independent from prostate size [29].

Conclusion

Testosterone deficiency is associated with adverse
effects on body composition, bone density, sexual
function, and mood and may also increase insulin
resistance, fatty liver, and cardiovascular risk factors
deterioration. Numerous studies have shown the ben-
efits of TTh overtly in hypogonadal men. There are
several possible administration routes for testosterone
treatment. Each approach has advantages and disad-
vantages, and the choice of the method of replace-
ment will often be determined by patient preference
or co-medication (e.g. no IM injections in patient under
coumarin or similar anticoagulants). Although new
developments are promising, it seems that, among
the available treatments, only transdermal gels
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delivery and long-acting injectable TU have provided
pharmacokinetic behaviour that gives a steady state
level within the physiological range.

Hypogonadism or testosterone deficiency is
a significant medical concern and a systemic disease
that can impact on multiple organ systems causing
morbidities and negatively affect overall quality of life
with associated increases in the incidence of sexual
dysfunction, metabolic syndrome, DM, obesity, depres-
sion, and others. Due to the above-mentioned advan-
tages, TTh has clearly gained popularity among
hypogonadal males as a safe and beneficial treatment,
with increasing evidence of favourable effects on mul-
tiple organ systems. Combined therapy with testoster-
one and other treatments, such as PDE-5i, is
advantageous in some cases and is valuable for
patients with hypogonadism who failed PDE-5i ther-
apy alone.
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