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Abstract: Testosterone deficiency is diagnosed by a serum total testosterone level below 300 ng/dL in combination with symptoms such as
decreased energy and libido. These symptoms can be ameliorated by restoring serum testosterone to the physiologic range with testosterone
therapy (TT). There are numerous forms of testosterone therapy, such as injectable, transdermal, nasal, and subcutaneous applications. There
are also multiple formulations of injection, such as testosterone cypionate, testosterone enanthate, and testosterone undecanoate.
Testosterone undecanoate (TU) is a long-acting ester formulation of testosterone that can be provided in an injectable or oral form. Oral
testosterone undecanoate is marketed as Andriol, Jatenzo, Tlando, and Kyzatrex. Oral TU provides a convenient option for many patients,
which may increase compliance with TT. Injectable testosterone undecanoate is marketed as Aveed and Nebido. Injectable TT remains the
most cost-effective therapeutic option and is appropriate for most patients as an initial therapy. This review describes the pharmacokinetics
of these testosterone undecanoate products and provides a guide for prescribers using these medications. While many forms of testosterone
are appropriate for TT, a patient-centered discussion focused on goals of care should best guide physician prescription of these medications.
Keywords: testosterone, testosterone deficiency, testosterone therapy, hypogonadism in male

Introduction

Testosterone deficiency is recognized as the deficiency of testosterone (T) production by the testes. This deficiency
results in a pathologically low systemic testosterone concentration, as well as the concentrations of its bioactive
metabolites dihydrotestosterone (DHT) and estradiol (E2).! Testosterone deficiency may affect up to 10% of men
worldwide and 40% of men over the age of 45.%° Signs and symptoms of testosterone deficiency include
characteristic physical changes such as regression of secondary sex characteristics, decreased lean muscle mass,
and cognitive changes.> The restoration of serum testosterone to physiologic, or eugonadal, levels has been
shown to alleviate some of the symptoms of testosterone deficiency and provide significant improvement in quality
of life.® Multiple treatment options for testosterone deficiency exist, most commonly consisting of testosterone
therapy (TT) with exogenous testosterone. Specifically, testosterone undecanoate (TU) is an 1l-carbon long
androgen ester derivative of testosterone that comes in an injectable or oral formulation. Recently, we have
seen a rapid increase in the available FDA-approved TU forms of T. Herein, we present a focused review on
testosterone undecanoate and its various formulations, as well as a practical guide for prescribers.

What is Testosterone Deficiency
As per American Urologic Association guidelines, testosterone deficiency is diagnosed with a serum testosterone level
below 300 ng/dL on two separate occasions, with both conducted in the early morning in combination with symptoms.’
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Recent studies suggest that 300 ng/dL may not be an appropriate cutoff for diagnosis of testosterone deficiency, and thus
the diagnosis should be made by a trained physician based on serum biochemical (testosterone and sex hormone binding
globulin) and clinical symptoms given the specific patient’s concomitant medical conditions.® Regardless of primary or
secondary etiology, testosterone deficiency is associated with characteristic physical changes, including gynecomastia,
regression of secondary sex characteristics, and sexual dysfunction.>’ Testosterone deficiency is also associated with
musculoskeletal changes such as decreased bone mineral density and muscle mass.” In addition, obese or overweight men
have been shown to have higher rates of secondary testosterone deficiency than their normal weight counterparts.’
Psychological disturbances such as low motivation, poor concentration, and diminished energy are also frequent concerns
of men with low T.>'° Of the symptoms, diminished energy is the most reported hypogonadal symptom in men younger
than 40 years old."!

Why Do We Treat Testosterone Deficiency?

Testosterone therapy can improve mood, libido, sexual function, as well as increase muscle mass and bone density,
elevate hematocrit from anemic levels, and reduce body fat.”'*'* Despite less conclusive evidence, many patients
also report significant improvements in their energy level and cognitive function with TT.'* Currently, studies have
shown conflicting results as to the reproducibility and mechanism of these improvements in energy and cognition,
and, as such, the 2018 AUA Guidelines do not recognize improvements in energy and cognition as known benefits
of TT.

Treating patients with testosterone deficiency not only improves immediate symptoms, but also minimizes long-term
sequelaec of T deficiency itself. T deficiency is a known risk for cardiovascular disease, and is associated with
hypertension, dyslipidemia, obesity, and diabetes.”'> A 2018 meta-analysis of seven observational studies indicated
that men with testosterone deficiency have an increased risk of myocardial infarction and pooled analysis of 12 studies
demonstrated an increased risk of cerebrovascular accidents compared to men with normal T levels.’

Due to lack of long-term prospective studies, it is unclear whether testosterone therapy in deficient patients will
ameliorate all these risks, and prescribers must balance the potential benefits against risks of TT, including the well-
described effects of polycythemia, hypertension, and a decrease in sperm count. This is especially true in those at high
risk of these adverse events and those with baseline poor health status. Patients with elevated hemoglobin/hematocrit
(>50%) should delay testosterone therapy to avoid further polycythemia.'> Patients wishing to conceive must also be
informed that 10% of men failed to recover sperm in their ejaculate until two years after stopping TT and some may
become permanently oligospermic or azoospermic after treatment with TT.'® Ironically, despite the association between
testosterone deficiency and cardiovascular risk, exogenous T may have cardiovascular risks of its own. The 2018 AUA
Guidelines recognized this risk but, since then, a systematic review of over 50 trials showed that testosterone therapy was
not associated with an increased risk of cardiovascular events.'” Due to this conflicting evidence, an individualized and
patient-centered approach must include a discussion of these risks, alongside the benefits, before testosterone therapy is
to be prescribed.

Common Treatment Options for Testosterone Deficiency

Many formulations and modalities of testosterone therapy exist. Exogenous testosterone modalities include injections,
subcutaneous pellets, topical, and mucosal (nasal and buccal) applications (Table 1). Testosterone Undecanoate (TU) is
a testosterone ester that has a long half-life compared to other esters.'® TU is also the only available formulation of oral
TT (Table 2). Pharmacokinetic studies demonstrate that TU injections (Table 3) can return serum T levels to the
eugonadal range 7-14 days after injection with a slow decline back to hypogonadal range by 10 weeks.'” '
Compared to testosterone enanthate and cypionate, TU is a longer acting form of testosterone and therefore requires
less frequent administration to achieve clinical benefits.*? As a result, patients experience more stable T levels between
injections and report significantly fewer fluctuations in mood and sexual function.”® Furthermore, a prospective study
showed maximal TU effect on erectile function after 9 years of therapy, suggesting continued benefits over a long period

of time.?*

74 https: Drug, Healthcare and Patient Safety 2023:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Campbell et al

Table 1 Comparison of Modalities of Exogenous Testosterone

Method Formulation Brand Names Max T Time to Effect Benefits Adverse Effects Special
Details Concentration Tmax Duration Considerations
(ng/dL)
Subcutaneous Pellets placed Testopel 780 3 weeks 20 weeks Infrequent Infection, pellet Insertion requires
subcutaneously dosing extrusion, Fibrosis physician
Transdermal Patch or gel Androgel, 765 8 hours Few (2-5) days Non-invasive, Pruritus Can be transmitted
applied to skin Androderm simple through person—
application person contact
Mucosal Intranasal spray Striant, Natesto 467 I hour ~12 hours High Gum irritation, Buccal discontinued
or tablet placed bioavailability, gingivitis, due to adverse
in mouth simple headache, runny effects
administration nose
Injectable Intramuscular Depo- ~1200 1-5 days 50-60 days Cost-effective Acne, breast Must be able to
injections Testosterone, enlargement, tolerate self-
Delatestryl mood swings injection
Oral Pill or capsule Andriol, Jatenzo, 1008 2 hours 9 hours Improved Hepatic Cost-prohibitive
Tlando, Kyzatrex compliance dysfunction; GI
discomfort

Oral Testosterone Undecanoate Formulations
Andriol

History and Development

In the 1970s, when it was found that the esterification of testosterone allowed for its intestinal lymphatic absorption via
chylomicrons, oral TT became a possibility.”> The first oral TU formulation has been marketed for use outside the United
State as Andriol, and is available in more than 80 countries around the world.®

Efficacy

Initial studies of Andriol showed a modest rise in plasma testosterone levels and a substantial rise in dihydrotestosterone
when compared with placebo and non-esterified oral testosterone, which established efficacy of the formulation as early
as 1975.27?® Additional randomized controlled trials confirmed improvement in quality of life scores as compared with
placebo.??*° Few adverse events were found in the trials, and those that did were considered minor, such as headache and
gastrointestinal upset.?®*

Dosing

Dosing of Andriol is simple, with 40 and 80 mg capsules available and a starting dose of 120-160 mg divided into
a twice-daily administration.*'

Adverse Effects

Despite initial positive results with Andriol, there were three major concerns with the drug. First, serum testosterone levels
vary widely throughout the day and despite reaching the normal range within hours following ingestion, serum testosterone
rapidly falls back to the hypogonadal range.’”***? As a result, the average serum testosterone level may not be within the
physiologic range of normal for the majority of men using the drug.** Second, the bioavailability of Andriol has been shown
to be highly impacted by a patient’s dietary habits. Similar lipophilic formulations of drugs have been shown to have
enhanced absorption and bioavailability with food.>* Taking the drug after an overnight fast led to serum concentrations of
testosterone and its downstream metabolites below the limit of quantification.”® Additionally, meals with a higher fat content
led to elevated serum concentrations of testosterone and its downstream metabolites.”> Though these studies used small
sample sizes and heterogenous study techniques, these results suggest that unintentionally elevated serum testosterone levels
may occur in patients who consume more fat. Overall, the necessity of combining Andriol with a meal may impact patient
satisfaction and compliance with the drug, which make it a less ideal choice for TT. Lastly, Andriol undergoes metabolism in

Drug, Healthcare and Patient Safety 2023:15 https: 75

Dove!


https://www.dovepress.com
https://www.dovepress.com

aa0(Q

9L

:sdyyy

S 1:£707 A19yeS JUdnEY pUE BJBdYIEIH ‘Bnug

Table 2 Pharmacokinetic Properties of Oral TU Formulations

FDA Approval

PharmacoKinetics

Time to Tax

Bioavailability in
AUC_(j.sc in nmolh/L

Metabolism

Starting Dose

Titration

Special Precautions

Significant Adverse
Effects

Jatenzo Yes; April 2019
Andriol No

Tlando Yes; March 2022
Kyzatrex | Yes; August 2022

Ester bond is cleaved to
release testosterone +
inactive undecanoate;

testosterone is then broken
down to biologically active
dihydrotestosterone (DHT)

by 5a reductase

5 hours 1034
4-5 hours 41.7-1050
4-6 hours 29581
4-5 hours 104255521

Beta

oxidation

237 mg taken as one

158 mg capsule BID

Up or down titrate to
maintain T concentration

within normal range

None

Small increased
incidence of elevated

systolic blood pressure

120-160 mg taken as
1-2 40 mg capsules
BID for 2-3 weeks for

initial dosing

Up or down titrate for
maintenance dose of 40—

120 mg daily

Must take with food as
bioavailability is highly

dependent on fat intake

Minor Gl upset and

headache

225 mg taken as one
112.5 mg capsule twice

daily

No titration; if serum T is
outside of normal range
(3001080 ng/dL),

discontinue

Must take with food for

optimal absorption

Small increased
incidence of elevated

systolic blood pressure

200 mg twice daily

Up or down titrate based
on serum testosterone for
a maintenance dose
between 100 mg once

daily—400 mg twice daily

Must take with food for

optimal absorption

Small increased
incidence of elevated

systolic blood pressure
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Table 3 Pharmacokinetic Properties of Injectable TU Formulations

dihydrotestosterone
(DHT) by 5a reductase

FDA Approval PharmacoKinetics Time to Tax Bioavailability in Metabolism Starting Dose Titration Special Significant
AUC_ a5 (ng/hl/L) Precautions | Adverse Effects
Aveed Yes; March 2014 Ester bond is cleaved to 4 days 21,385 3 mL (750 mg) No None
release testosterone + injected IM; then 4 | titration
inactive undecanoate; weeks; then every Acne, injection site
testosterone is then 10 weeks reaction,
Beta oxidation
broken down to pulmonary
Nebido No X . . 7 days 4051 4 mL (1000 mg) No None . :
biologically active microembolism
injected IM titration
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the liver, which decreases the bioavailability of the drug.*® As a consequence, higher doses may be required for the action of
the drug and it is important to note that this formulation may not be a suitable choice for those with liver disease. Despite
concern, data has not shown change in liver function while on Andriol,*® though caution should still be applied when
prescribing this drug for those with comorbid liver conditions.

Jatenzo

History and Development

In 2019, the United States Food and Drug Administration approved the first oral testosterone ester prodrug — Jatenzo.”’
As with all exogenous androgens, Jatenzo exerts its effect through suppressing FSH/LH and therefore endogenous
testosterone function and production.*® Jatenzo was developed with a unique self-emulsifying drug delivery system
(SEDDS) consisting of hydrophilic and lipophilic components that facilitate intestinal lymphatic absorption. In addition,
this formulation allows absorption with a typical meal (1545 g fat) as opposed to high fat-containing meals required for
prior formulations.*® Jatenzo quickly leads to a serum testosterone concentration peak at two to four hours after
ingestion, which slowly decreases to sub-physiologic levels near hour 9, thus requiring twice-daily dosing.®**°
Efficacy

Long-term and short-term phase III clinical trials confirmed efficacy of the oral TU formulation, as 84 and 87%,
respectively, of patients enrolled in the trials became eugonadal during treatment as compared to topical testosterone
gel.*** This oral formulation of TT also significantly improved subjective quality of life and metabolic parameters
across varied diets, suggesting that Jatenzo absorption is not dependent on consumption of fats and therefore could be
beneficial for diverse patient populations.®®

Dosing

Dosing of Jatenzo is straightforward, with the usual adult dosage ranging from 158-396 mg.*' Based on the results of the
clinical trials, the recommended starting dose is 237 mg taken as one 158 mg capsule twice daily.*® Dosing can be up or
down titrated based on the individual’s testosterone concentration drawn 6 hours after morning dose.*’

Adverse Effects

In initial trials of this oral TU formulation, adverse effects were consistent with other TT including polycythemia as well as
a small, but statistically significant, increase in systolic blood pressure when compared to topical testosterone.*® Other side
effects included transient and minor gastrointestinal concerns such as nausea, diarrhea, and burping, which may be associated
with any oral medication. Importantly, and unlike other oral TU, Jatenzo partially avoids liver metabolism and has not been
associated with liver toxicity. It has also not been shown to elevate markers of prostate cancer such as PSA and prostate
volume specifically when compared with topical testosterone formulations. Overall, these adverse effects indicate the need
for routine monitoring of hematocrit and blood pressure, as is consistent with AUA guidelines for any patient receiving TT.

Tlando

History and Development

In 2014, a clinical trial comparing a novel TU formulation against topical testosterone gel began, and in 2022 this
product, marketed as Tlando, was approved for use in the United States. This capsule contains 112.5 mg of TU in
a unique predigested triglyceride lipid formulation.** Consistent with all other TU products, this lipid emulsification is
designed to optimize absorption of TU through the intestinal lymphatic system. This formulation was hypothesized to
avoid dose titration when used as twice daily TT.

Efficacy

Initial trials showed efficacy of Tlando in returning the majority of participants to a eugonadal testosterone range.** Further, early
results of a small, single-arm, open-label multicenter study (NCT03242590) presented at the Annual Meeting of the Endocrine
Society showed that dose titration of Tlando did not alter pharmacokinetics.*> That same year, presented at the American
Urologic Association, results of a year-long, open-label, active-controlled multicenter study confirmed that dose titration had an
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insignificant impact on pharmacokinetics.** A final, open-label, multicenter study (NCT03242590) confirmed these results and
suggested that adverse effects related to elevated serum testosterone, thus requiring dose titration, can be avoided with the new
formulation.*?

Dosing
Dosing of Tlando is straightforward, with a starting dose of 225 mg daily split into two equal doses of one, 112.5 mg pill,
twice daily.*’

Adverse Effects

Adverse effects of Tlando are similar to other forms of TT, including a minor increase in hematocrit and PSA.** A unique
adverse effect of the early trials, an elevated blood prolactin, was the most commonly reported side effect.** Minor
increases in systolic blood pressure along with elevated hematocrit were found to be clinically significant in a small, but
significant number of patients.*® Further studies into long-term effects, both positive and negative, will be needed to
elucidate side effects of this formulation.

Kyzatrex

History and Development

The most recently approved TT is Kyzatrex, which received FDA approval in August 2022.*” Unique to Kyzartrex is
a TU formulation of phytosterols contained in a softgel capsule with the intent of maximizing lymphatic absorption and
minimizing liver toxicity.*®

Efficacy

A phase III open-label, active-controlled clinical trial (NCT03198728) showed efficacy of the formulation, with 88%

(95% CI 82-93) of male patients with an average serum testosterone level in the eugonadal range, which led to FDA
49

approval.

Dosing

Dosing of Kyzatrex is more variable than Tlando, with 100 mg, 150 mg, and 200 mg softgel capsules available and
a recommended starting dose of 200 mg orally twice daily with food, followed by titration up or down based on serum
testosterone concentration 7 days after starting treatment.*’

Adverse Effects

The initial study was extended (NCT04467697) to further assess blood pressure effects of the formulation. The results of
this safety study showed small but significant increases in systolic blood pressure, especially in men already taking
antihypertensive therapy and those with type 2 diabetes, which follows trends previously reported with TT.*® Importantly,
the clinical relevance of these small increases in systolic blood pressure is unclear, and requires further long-term studies.
Other adverse effects of Kyzatrex include rare instances of headache, GI upset, elevated hemoglobin and PSA, anxiety,

and peripheral edema.*’

Patient Selection for Oral Testosterone Undecanoate

American Urologic Association guidelines do not specify which modality of testosterone therapy is most appropriate,
therefore physicians should take a patient-centered approach to the prescription of TT. Oral formulations provide
a convenient and easy to use option for patients with T deficiency. Though these drugs are newer, studies have shown
that patients with chronic conditions impacting mobility such as rheumatoid arthritis and multiple sclerosis prefer oral
medications and demonstrate improved compliance with oral T when compared to other forms of TT.>'? Clearly,
patients with dysphagia or other impediments to use of an oral medication are not good candidates for oral TT.
Additionally, patients who cannot take oral medications twice per day are poor candidates for treatment with Jatenzo,
Tlando, or Kyzatrex.
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Injectable Testosterone Undecanoate Formulations

As early as 1995, preclinical, animal studies were performed to investigate the potential role of TU as an alternative
injectable form of TT.® Subsequent pharmokinetic studies in humans showed that mean serum T levels reached or
exceeded the eugonadal range within the first week after injection and slowly returned to the patient’s hypogonadal
baseline over the following 8 weeks, accompanied by improvement in quality of life scores.>* This is likely due to the
slow metabolism of the saturated aliphatic fatty acid undecanoic acid.?>>> Unlike TE and TC, which require injection
every 2 weeks, TU showed a favorable pharmokinetic profile and allowed a longer duration between injections, thus
decreasing yearly injections from 26-52 to only 5-10 and increasing patient satisfaction.

Unique to the intramuscular (IM) injection of testosterone esters in an oil medium, is a concerning but non-life-
threatening adverse effect pulmonary oil microembolism (POME). In contrast to a life-threatening venous thromboem-
bolism, POME is defined by the acute onset of a non-productive cough sometimes accompanied by a sensation of
flushing, faintness, or anxiety which resolves in minutes after the injection.’® These events are rare but did lead to a black
box warning on the US formulation of the drug. The mechanism for these events is unclear and may be related to

improper injection technique, therefore patients require monitoring after each injection.”’

Aveed

History and Development

In 2014, the United States FDA approved the first injectable TU formulation, marketed as Aveed. An initial pharmaco-
kinetic and safety trial established efficacy of the formulation with minimal side effects, suggesting that it would be an
appropriate alternative to transdermal TT, and the drug received approval a few years later.'” Further clinical studies after
FDA approval suggested patient satisfaction to complement the pharmacologic results.

Efficacy

The initial, multicenter, open-label clinical trial investigated the 750 mg TU in 3 mg castor oil (250 mg/mL) formulation.
This study showed that serum total testosterone reached eugonadal range within the first week after injection, with a peak
around 7 days, and then slowly decreased to low eugonadal or hypogonadal range in the following 10 weeks, with an
average serum testosterone concentration of 890.6.'° Further, the majority of patients experienced symptomatic improve-
ment, with one-third experiencing return of hypogonadal symptoms between injections, though a not insubstantial
proportion (20.4%) discontinued treatment due to dissatisfaction.”® Some of these men who experienced return of

symptoms received a TC injection for symptom relief.’®

Dosing

Since Aveed is an IM injection, dosage titration is not performed. Rather, 3 mL of solution (750 mg) is injected, followed
by an identical injection after 4 weeks, at which point the same dose can be injected every 10 weeks.>® Similar to most
IM injections, the patient must prepare the drug for injection by drawing the appropriate amount into the syringe,
therefore it may not be appropriate in someone who cannot perform this action.

Adverse Effects

The initial clinical trial of the formulation marketed as Aveed reported mild adverse effects. Most commonly,
patients experienced a mild cough or adverse effects expected with injectable medications such as injection site
soreness.'” Mild elevations in PSA and serum hemoglobin concentration were noted, but no prostate cancer was
diagnosed during the trial."” The results from Morgentaler et al were corroborated by Krakowsky et al, who showed
few instances of cough and injection site bruising. Their study also confirmed a mild elevation in hematocrit and PSA in
participants, but experienced no new diagnoses or progression of prostate cancer or cardiovascular incidents.’® In a post-
marketing analysis of Aveed, the rate of POME was <0.1%.
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Nebido

History and Development
Outside of the United States, Nebido has been available as a high dose TU injection since 2003. Today, Nebido is
available in 80 countries worldwide, including in Europe, Australia, and Canada. In an initial pharmacokinetic study,

serum testosterone concentration reached a peak at or above eugonadal range by two weeks after injection and slowly
decreased during the following 12 weeks for both subcutaneous and intramuscular injections of the formulation.
However, IM injections are generally preferred by patients due to lower pain and thus it is marketed as an IM injection.
Efficacy

In an open-label, randomized, prospective trial, when compared with testosterone enanthate injections, participants
receiving TU maintained a significantly higher serum testosterone level within the normal range.®' After an initial
loading dose, most patients remain in the physiologic range and only need an injection every 12 weeks, therefore
allowing them to receive 4 injections each year. Though individualization is beneficial, and men may receive injections
every 10—14 weeks, serum trough levels at the time of injection are generally still found in the low normal range, which
suggests adequate length of coverage.®” Long-term clinical studies have shown that testosterone concentrations are
maintained within the normal range, which is accompanied by subjective improvement in symptoms.?**":** Importantly,
men using Nebido do not report significant fluctuations in their symptoms, especially at the end of the dosing interval, as
has been reported with TC, TE, and Aveed.?

Dosing
Two loading doses of 1000 mg TU separated by 6 weeks can then be followed by injections every 12 weeks, with
sufficient maintenance of the serum testosterone level within the physiologic range.

Adverse Effects

In none of the initial or long-term clinical studies did a participant experience a significant adverse effect leading to them
leaving the study. Mild side effects can be seen, but few local adverse reactions were seen. As is consistent with other TT,
elevated plasma hemoglobin and hematocrit are seen during treatment but, in long-term studies, these values did not
reach the upper limit of normal."** PSA was also elevated but no new diagnoses of prostate cancer or progression of the
disease were seen.”*° It is hypothesized that the excellent safety profile of Nebido is secondary to the continuous
normalization of plasma testosterone level.

Patient Selection for Injectable Testosterone Undecanoate

Intramuscular injections of testosterone have been the most commonly prescribed form of TT since their development in
the 1930s.°* IM formulations of TT remain the most cost-effective and most frequently covered by insurance, making
them an ideal option for those wishing for cost-effective treatment. IM injections of T often require dose optimization
based on body habitus and individual metabolism; therefore, dosing may vary and should be guided by an individual’s
serologic and symptomatic response. Though IM injections are commonly used, and generally safe, this formulation may
not be a suitable option for patients who are averse to self-injecting the medication. Additionally, those with physical or
cognitive impairment that prevents them from drawing up testosterone from a small vial and then injecting it may not be
candidates for IM TT.

Conclusions

Low testosterone is an ongoing problem for men and can cause detrimental physiological and psychological effects.
Various pharmacological interventions exist, and TU is currently a promising treatment modality. TU has increased
compliance due to the option of oral intake and a pharmacokinetic profile that allows for far less frequent dosing
compared to other exogenous testosterone compounds. While oral formulations provide a promising new option to
expand access to TT, potential liver toxicity and fat consumption necessary for absorption of these drugs must be taken
into consideration before prescription. Traditional injectable formulations of TU continue to provide a cost-effective
strategy for TT. The decision to start treatment with oral or injectable TU must be the result of an individualized
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conversation between a patient and their physician. Overall, clinicians may offer TU as part of a personalized treatment

regimen based on patient goals and preferences.

Disclosure
Dr Ranjith Ramasamy reports grants from NIH, grants from ACS, during the conduct of the study. The authors report no

other conflicts of interest in this work.
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