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Abstract

Context: Injections with intramuscular testosterone esters have been available for almost 8
decades and not only result in predictable serum testosterone levels but are also the most
inexpensive modality. However, they are difficult to self-administer and associated with some
discomfort. Recently, subcutaneous administration of testosterone esters has gained
popularity, as self-administration is easier with this route. Available data, though limited,
support the feasibility of this route. Here we review the pharmacokinetics and safety of
subcutaneous testosterone therapy with both long- and ultralong-acting testosterone esters.
In addition, we provide guidance for clinicians on how to counsel and manage their patients

who opt for the subcutaneous route.

Evidence Acquisition: Systematic review of available literature on subcutaneous
testosterone administration including clinical trials, case series and case reports. We also

review the pharmacology of testosterone absorption after subcutaneous administration.

Evidence Synthesis: Available evidence, though limited, suggests that subcutaneous
testosterone therapy in doses similar to those given via intramuscular route results in
comparable pharmacokinetics and mean serum testosterone levels. With appropriate
training, patients should be able to safely self-administer testosterone esters subcutaneously

with relative ease and less discomfort compared with the intramuscular route.

Conclusion: Although studies directly comparing the safety of subcutaneous vs
intramuscular administration of testosterone esters are desirable, clinicians should consider
discussing the subcutaneous route with their patients, as it is easier to self-administer and
has the potential to improve patient adherence.

Keywords: Hypogonadism; transgender; androgen deficiency; testosterone

replacement therapy; androgens.
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Introduction

Testosterone is the main male sex hormone and is essential for the development and
maintenance of male secondary sexual characteristics. Currently, testosterone therapy is
indicated for men with unequivocal, organic or pathologic androgen deficiency to alleviate
symptoms and maintain secondary sexual characteristics by raising testosterone into the
normal male range (1). In addition, testosterone therapy is used for gender-affirming
(hormone) therapy for transgender men to induce masculinization (and suppress
endogenous estradiol concentrations in patients with intact ovaries) (2). In both clinical
scenarios, testosterone therapy is intended to be long-term. Thus, it is desirable to have
various formulation options available to ensure patient satisfaction and adherence. We have
come a long way since the days of Brown-Séquard who self-administered an extract of
animal testes by subcutaneous (SC) injection in 1889 (Figure 1) (3). Four decades after
Brown-Séquard’s experiments, testosterone was isolated in 1935 and subsequently
chemically synthesized (4-6); it took an additional 2 years for it to be introduced into clinical
medicine for the treatment of male hypogonadism with SC or intramuscular (IM) injections of
short-acting ester testosterone propionate, crystalline testosterone compressed into
subcutaneous pellets and oral methyltestosterone (7,8). In the mid-1950s, long-acting
testosterone esters (enanthate and cypionate) were introduced, and have since been the
preferred testosterone formulation due to their affordability, longer half-life compared to
propionate, and predictable pharmacokinetics (9). More recently, newer formulations of
testosterone replacement have become available, which include ultralong-acting
testosterone undecanoate for IM injection, transdermal patches and gels, buccal tablets,
intranasal sprays and oral testosterone undecanoate (Table 1), thus providing a range of

options to choose from.

Selection of the administration route of testosterone is influenced by patient’s

preference, product availability and the cost of the formulation. Each formulation has certain
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advantages and disadvantages (Table 1), which can impact patient’s choice and adherence
(10-12). Patches result in skin irritation in a substantial number of patients, and sweating
during the summer can impact patch-adherence (13). Topical gels require daily application,
can be messy and carry the risk of exposure to those who come in contact with the patient’s
application site (14). Nasal and buccal formulations require greater frequency of application
and can cause local irritation (15-17). Long-acting SC pellets are costly, require surgical
insertion and are associated with the risk of infection and spontaneous extrusion (12). IM
injections of long-acting testosterone esters (cypionate or enanthate) are cost-effective and
result in physiological and predictable on-treatment serum testosterone levels, particularly
when smaller doses are administered weekly (18). However, IM injections are associated
with discomfort, patients experience difficulty with self-injection and they often require
assistance from family members to administer the drug. To mitigate the discomfort
associated with frequent IM injections, they are commonly administered in large doses every
2 weeks to decrease the frequency of administration, resulting in large peaks and troughs
(19,20). The ultralong-acting ester testosterone undecanoate was developed to reduce these
peaks and troughs, but the large volume injected has been rarely associated with a risk of
pulmonary oil microembolism, necessitating administration of the drug by trained medical
personnel (self-injection-is not allowed) and observation of the patients in the clinic for 30

minutes thereafter (21,22).

Despite the formal recommendation for oil-based testosterone formulations to be
administered via the IM route, recent data suggest that SC administration of testosterone
esters result in pharmacokinetics and serum testosterone concentrations that are similar to
the IM route (23-27) and associated with less discomfort (24,28). Recently, after assessing
its safety and efficacy, the Food and Drug Administration (FDA) approved an auto-injector
device for weekly SC self-administration of testosterone enanthate (27,29). However, this
device is expensive compared to administration of ester with conventional syringe and

needles.
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Due to the convenience of self-administration of testosterone esters, the SC route
has recently gained popularity. The viability of using SC route for sex steroid administration
was also shown in an elegant pharmacokinetic study in which nandrolone decanoate was
administered to healthy male volunteers (30). Interestingly, previous data that used imaging
(computed tomography or ultrasound) to estimate SC fat thickness and compared it with the
length of the needle (or placement of the injectate) estimated that 12-85% of IM injections
administered to men were actually SC (31-33). Indeed, this might explain the observation
that IM injections are less painful in overweight and obese men (34). In ‘this review, we
summarize published data on the pharmacokinetics and safety of SC administration of both
long-acting (enanthate and cypionate) and ultralong-acting (undecanoate) testosterone
esters in hypogonadal and transgender men. Lastly, we provide some guidance for clinicians

regarding SC testosterone therapy.

Absorption of Injectable Testosterone

Unmodified testosterone has a half-life of 10 minutes; to overcome this limitation,
testosterone is esterified and then dissolved in oil to allow for sustained release into the
circulation after injection. These oily solutions contain a testosterone ester dissolved in
vegetable oil (usually: sesame seed, tea seed, castor seed or cottonseed oil) with some
benzyl alcohol. Benzyl alcohol is soluble not only in the oily phase, but also in the aqueous
phase, thus facilitating the release of testosterone ester from the depot into the surrounding
interstitial fluid (35). Upon release from the depot, the testosterone ester undergoes
hydrolysis into testosterone and the ester-specific fatty acid (35,36). Various testosterone
esters have different absorption kinetics, with absorption time increasing with longer
esterified side-chains (fatty acids) due to the increased hydrophobicity of the molecule
(Figure 2A) (37). Commonly used testosterone esters include testosterone enanthate (7
carbons side chain), cypionate (8 carbons) and undecanoate (11 carbons). In the past,

propionate (3 carbons) was widely used, but is not in common use currently among adults.
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Absorption kinetics are affected by the viscosity of the oily vehicle, concentration of the ester
(the higher the concentration in the depot, the higher the driving diffusion force for release),

the volume of the product and the site of the injection (35,38).

Subcutaneous vs Intramuscular Routes

The IM and SC routes present a defined phase of absorption, in which the serum
concentration of the drug administered progressively increases to a maximum (C..) and
then decreases according to its elimination half-life. For testosterone esters, the time
corresponding from administration to the Cp,y, i.€., time of maximum concentration (tyay), iS
determined by the rate at which absorption occurs, since systemic elimination of
testosterone is the same regardless of the route of administration. Therefore, the formulation

and the injection site influence the speed and magnitude of absorption.

After IM or SC administration .of a testosterone ester, absorption occurs first by
diffusion from the depot into the interstitium (Figure 2B). The physiology of the IM and SC
milieu determines the patterns of absorption after administration. Molecules smaller than 1
kDa, such as testosterone, are preferentially absorbed by the blood capillaries due to the
high rate of filtration and reabsorption of fluid across vascular capillaries (39). However, the
hydrolysis of testosterone esters by tissue esterases is a slow process due to their high
lipophilicity, with negligible spontaneous hydrolysis in water (40). This results in some of the
esterified testosterone to enter the lymphatics, thus prolonging the secondary absorption

phase.

The interstitial fluid consists of plasma ultrafiltrate and proteins derived from tissue
metabolism, and is drained by the lymphatics (41). Because of their lipophilicity, testosterone
esters are unlikely to have significant diffusion into the tissues; they likely associate with
small proteins and are drained via the lymphatics into the central circulation, with hydrolysis

of these esters likely occurring in the central circulation (40). Therefore, pharmacokinetics of
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testosterone esters administered via IM versus SC route will vary according to the lymphatic
circulation of the tissue. Lymphatic drainage is dependent on intrinsic and extrinsic pumping.
Intrinsic pumping is dependent on the contraction of lymphangions (muscular unit of the
lymphatics with unidirectional valves) that transport lymph by mechanisms analogous to that
occurring in the cardiac chambers (42). Extrinsic pumping results from intermittent external
pressure exerted by skeletal muscle contractions on the lymphatics (42). As the lymphatic
drainage from SC tissue is largely dependent on intrinsic pumping, while IM lymphatic flow is
also substantially influenced by extrinsic pumping during physical activity (43), these
drainage patterns suggest that testosterone esters administered SC likely have more stable

absorption kinetics compared to IM administration.

Similar to lymphatics, the hemorheological differences of the vascular compartments
of the SC and IM tissues play a role in the pharmacokinetics of testosterone esters. As
different muscle groups have variable blood flow (e.g. the blood flow to the deltoids is higher
than the glutei) (44), which further varies with physical activity (45), serum on-treatment
testosterone concentrations after IM injections are dependent on these characteristics. To
the contrary, after SC administration, the drug is delivered to the hypodermis (adipose tissue
underlying the dermis), which is not only less vascularized compared to skeletal muscles,
but the flow in this region does not increase significantly with physical activity. Since the
blood flow at the site of drug administration influences the pharmacokinetics of the
administered  drug, SC injections display a more stable vascular absorption patterns

compared to IM injection.

Pharmacokinetics of Testosterone Esters Injected Subcutaneously

As discussed, SC administration of testosterone esters should result in a more stable
absorption and release of testosterone into the circulation due to less fluctuation of lymphatic
flow in the hypodermis with physical activity. This was confirmed by pharmacokinetic studies
that assessed the Co and ta Of testosterone in the serum, and the average serum total

testosterone concentration during the steady state. These data are summarized below.
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Testosterone Enanthate and Testosterone Cypionate

In 2006, a pilot study demonstrated the feasibility of the SC route as an effective
option for testosterone therapy with testosterone esters (23). In this study, weekly SC
injections of 25 to 100 mg of testosterone enanthate were administered to 22 hypogonadal
men and, after weekly dose adjustments based on peak and trough levels, successfully
restored serum total testosterone concentrations into the normal range .(23). Almost a
decade later, a study comparing the pharmacokinetics of testosterone esters administered
via IM or SC route to hypogonadal men was performed (25). In this study, testosterone
enanthate was administered via IM (single 200 mg dose) or SC injection (50 or 100 mg/week
for 6 weeks) to 39 hypogonadal men (serum total testosterone <300 ng/dL) (25). Participants
who received SC weekly doses of either 50 mg or 100 mg achieved steady-state on-
treatment serum total testosterone concentrations that were within the reference range
(300-1100 ng/dL) (Figure 3A)(25), similar to concentrations reported in a study of
hypogonadal men receiving testosterone enanthate IM 100 mg/week (Figure 3B)(46). To
the contrary, the group receiving 200 mg IM injection achieved supraphysiologic levels
during the first week after the injection. The area under the concentration-time curve (AUC)
for testosterone during the last two weeks of the study (weeks 5 and 6 combined) in the 100
mg SC group was similar to that of the 200 mg IM group, suggesting that at steady-state the
bioavailability of testosterone enanthate is similar irrespective of the administration route
(25). In another study, 150 hypogonadal men were started on SC testosterone enanthate 75
mg/week for 52 weeks which was administered via a novel SC auto-injector (27). During
week 7 of the study, the dose of testosterone was either reduced to 50 mg/week or
increased to 100 mg/week with the aim of maintaining on-treatment serum testosterone
levels within the normal range (27). At week 12, 92.7% of participants achieved average total
testosterone levels within the desired range of 300 to 1100 ng/dL (mean + SD = 553 + 127

ng/dL); at week 52, mean serum total testosterone concentration was 487 + 153 ng/dL (27).
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In a follow up study by the same investigators, in 21 men (18-75 years) with symptomatic
testosterone deficiency self-administered weekly SC testosterone enanthate at the dose of
75 mg for 12 weeks via SC auto-injector (29). Mean total testosterone concentrations
gradually increased from predose values of 224 ng/dL to 374 ng/dL, 479 ng/dL,and 541

ng/dL at weeks 1, 6 and 12, respectively (29) (Figure 4A).

The role of SC testosterone therapy has also been assessed in transgender men. In
a prospective study, the impact of switching the route of testosterone therapy (with
testosterone enanthate or cypionate) from the IM to the SC route was evaluated in 14
transgender men who had been on gender-affirming hormone therapy for at least 8 weeks
(24). The mean age of the participants was 30 years and mean weekly dose was 68 mg
(range 30-110 mg; dose previously adjusted to achieve gonadotropin suppresion). IM
testosterone therapy was maintained for 3 weeks after enroliment before switching to self-
administration of the same dose via the SC route for 8 weeks. Mean serum testosterone
concentrations did not change significantly after switching administration routes (Figure 4B)

(24), confirming similar bioavailability after SC administration.

Another study in 11 transgender men on 75 mg (range 50 to 100 mg) of weekly
SC testosterone cypionate showed consistency in circulating total and free serum
testosterone concentrations, which remained within the desired range (Figure 4C)
(47). Serum total testosterone levels measured at 6 hours (mean = SD = 656 + 244

ng/dL) and 5 days post injection (621 + 321 ng/dL) were similar (47).

In a study of weekly SC testosterone enanthate or testosterone cypionate (50-150
mg) in 63 transgender men, 20 participants achieved goal serum total testosterone
concentrations (348 to 1197 ng/dL) with 50 mg/week, 34 with 75-80 mg/week, 7 with 100
mg/week, and 2 with 150 mg/week (28). Mean serum total testosterone was 702 + 212 ng/dL

with a range of 357-1377 ng/dL (Figure 5A). Interestingly, the optimal dose required to
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maintain serum total testosterone concentration within the desired range was not influenced

by participant’s body mass index (Figure 5B) (28).

Testosterone Undecanoate

The ultralong-acting ester testosterone undecanoate has been available for IM
injection in Europe and Australia for almost 2 decades, and in the United States since 2014.
Because of the longer absorption time, it was introduced as an option to minimize peaks and
troughs in serum testosterone levels after dosing, as well as to reduce the frequency of
injections in men with organic androgen deficiency who require long-term testosterone
therapy. The formulation contains 250 mg/mL of the ester dissolved in castor oil and is
supplied in 3 mL vials in the US, and 4 mL vials in other parts of the world. The
recommended dose and administration interval differ by regulatory agencies; in the US, after
the loading dose at week 4 of therapy, the recommended maintenance dose is 750 mg (3
mL) given IM every 10 weeks (1), while in other countries, loading dose is 1000 mg which is
administered at week 6 followed by 1000 mg (4 mL) every 12 weeks (48,49). However, the
higher injected volume of testosterone undecanoate, compared to enanthate or cypionate,
carries a potential risk of pulmonary oil microembolism (22), an acute condition (onset less
than 60 minutes) that has been observed after its injection. These adverse reactions are rare
and occur with approximately 1.9% of injections (21), appear to be related to introduction of
the drug directly into the systemic circulation, and are associated with a transient cough (50).
Therefore, the FDA has recommended that IM administration of testosterone undecanoate
be performed slowly by trained personnel in the clinic, and the patient should be observed
for at least 30 minutes after injections. In this context, SC administration of testosterone
undecanoate could potentially be a safer route, as the SC compartment is less vascularized,
thus reducing the chance of introducing the drug directly into the systemic circulation. As

previous studies had demonstrated comparable pharmacokinetics after IM or SC
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administration of long-acting testosterone esters (enanthate and cypionate), Turner et al.
sought to compare the pharmacokinetics of 1000 mg (4 mL) of testosterone undecanoate
after a single dose via SC and IM administration in a cross-over study of 20 men (11
hypogonadal, 9 transgender) (26). Participants were randomized to IM or SC injections and
followed for 12 weeks before they crossed over to the other route without any washout.
Serum testosterone profile after SC injection displayed a slower time to peak concentration
(8.0 vs 3.3 days) with no significant differences in model-predicted peak concentration
compared with the IM route (26). The duration of action was 104 days for the SC and 101
days for the IM route. Serum testosterone concentrations (Figure 6A) did not differ
according to route of administration after adjustment for age, BMI, and clinical diagnosis

(26).

In summary, the stable and consistent serum testosterone concentrations after SC
route of administration of testosterone enanthate and cypionate suggests that the SC route
is a feasible option and can be self-administered by patients after appropriate training. SC

testosterone undecanoate also appears feasible, though available data are limited.

Serum Concentrations of Testosterone Metabolites after Subcutaneous

Administration

Few studies have evaluated serum concentrations of DHT and estradiol after SC
injection compared to the standard IM route. Data suggest that serum concentrations of both
DHT and estradiol increase in a similar manner regardless of the administration route or
ester, i.e., enanthate (25) (Table 2) or undecanoate (Figure 6B and 6C) (26). Additionally,
serum DHT and estradiol concentrations remain stable with little fluctuations after SC

injections of testosterone enanthate (Figure 7) (27).
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Safety of Subcutaneous Testosterone Esters

The main benefit of using the SC route for administration of testosterone esters over
the traditional IM route is the ease of self-administration. Additionally, there is no risk of
sciatic injury, administration can be accomplished using smaller needles, and the pain
evoked during SC administration is usually lower. However, concerns remain regarding local
reactions, such as scarring and infections. Although the published studies of SC
testosterone administration did not observe serious local adverse reactions (23,47), mild
local reactions were common. As on-treatment serum testosterone concentrations after SC
administrations are similar to IM, systemic adverse effects that have been associated with
testosterone therapy were also reported (25,27-29,51). Table 3 summarizes the local and

systemic adverse effects reported by studies that administered testosterone esters via SC.

Local Adverse Effects

In a study of 63 transgender men (who were trained by an experienced nurse on self-
administration) receiving weekly doses of SC testosterone enanthate or cypionate at doses
of 50-150 mg for up to 43 months, 10 injection site reactions were reported by 9 participants
(28). Four participants reported small painless nodules that resolved within 2 days, while 2
participants developed urticaria at the injection site within a few hours that persisted for up to
3 days. Two subjects reported transient local inflammation, while one patient experienced a
self-limited episode of cellulitis (28).

In another study of SC administration of testosterone enanthate (50 or 100 mg/week)
with a SC auto-injector for 6 weeks in 29 hypogonadal men, only one participant developed
ecchymosis at the injection site (25). In a larger 26-week study of 133 men by the same
investigators, weekly SC doses of testosterone enanthate (50 to 100 mg) with an auto-
injector resulted in injection-site hemorrhage in 8, bruising in 5, and pain in 1 participant

(29).
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Systemic Adverse Effects

Systemic adverse effects associated with SC administration of testosterone are
generally similar to those observed when testosterone is administered via other parenteral
routes (Table 3). A study of transgender men receiving SC weekly doses of testosterone
enanthate or cypionate (28) showed that 37 of 67 participants developed acne; 2 of these
subjects needed referral to a dermatologist, while no participant chose to decrease their
testosterone dose.

In a large study that used SC auto-injector to administer weekly doses of
testosterone enanthate (50 to 100 mg/week) for 26 weeks, 87 of 133 participants
experienced a treatment emergent adverse event (an adverse event that started or
worsened after the first dose) during the study (29). The majority-of these events were mild
to moderate, although 5 patients experienced severe events. Three patients developed
erythrocytosis that resulted in their discontinuation from the study (29). In a similar study by
the same investigators in 150 hypogonadal men, 125 participants experienced a treatment-
emergent adverse event, with 30 discontinuing therapy as a result of these events (27). The
most frequent events were erythrocytosis (21 men; 7 discontinued), hypertension (19 men; 1
discontinued), and increase in serum PSA of = 1.4 ng/mL from baseline (18 men; 13
discontinued) (27). Though erythrocytosis and increase in PSA levels are known adverse
effects of testosterone therapy (1), the incidences of such events after SC administration
appear to be higher than those reported in studies of transdermal testostosterone (52,53).
As studies of SC testosterone therapy are limited, this needs to be verified in future studies.
As for hypertension, approximately half of the subjects had history of hypertension at
enrollment, and increases in systolic and diastolic blood pressures during testosterone
therapy were considered to be of small magnitude (4.1 mmHg for systolic and 1.4 mmHg for
diastolic blood pressure) (27); implications for these changes on cardiovascular risk remain

unclear.
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Patient Preference

Data suggests that, in general, medications that require long-term administration
have compliance rates between 40% to 50% (54). Thus, drugs that are easier to administer
and are relatively inexpensive result in greater compliance, particularly among patients who
require life-long therapy (54,55), such as men with organic hypogonadism. Indeed, long-term
compliance among men who are prescribed testosterone therapy with IM injections is low;
approximately 69% of men on long-acting esters discontinue treatment within-3 months of
therapy, and 95% discontinue it within 12 months (56). Therefore, patient participation and
engagement in the selection of testosterone formulation is likely to promote adherence (57).
In this regard, self-administration of testosterone esters via SC injections is convenient, easy
to learn, associated with less discomfort, obviates the need for office visits, and is
inexpensive.

Studies that have assessed patient preference regarding the route of administration
of testosterone esters (enanthate and cypionate) suggest that patients generally prefer the
SC route compared to the IM route (24,28,51). Among transgender men, patients who had
previously used IM testosterone therapy with long-acting esters did not want to revert back
to IM injections after they were started on SC testosterone therapy (24,28,51). The only
study that assessed. patient preference with ultralong-acting testosterone undecanoate
(larger volume of 4 mL) showed that 11 of 20 participants preferred IM injection, 6 preferred
SC injection ‘and 3 did not have a preference (26); however, the 12-week post-injection

acceptability scores were not significantly different between the two routes (26).

Guidance regarding Subcutaneous Testosterone Therapy

Technique
All patients should receive training from medical personnel on how to self-inject
testosterone. Studies involving SC administration of testosterone cypionate or enanthate

have used 1-mL luer lock syringes with a 20 or 25-gauge 5/8"needle to inject testosterone
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into the SC tissue of the abdomen or thigh (28,47). A luer-lock syringe is preferred to prevent
the needle from disengaging from the syringe during injection considering the viscosity of the
solution. Testosterone should be injected 3-5 cm lateral to the umbilicus or in the SC tissue
of the thigh. For testosterone undecanoate, limited published data suggests that slower
injection (over 2-3 minutes) can be safely administered into the subcutaneous tissue of the
abdomen using a 21-gauge 25 mm needle (26). In the authors' clinical experience, a 23-
gauge needle can be used without difficulty for both long- and ultralong-acting testosterone

esters.

Therapy Initiation and Monitoring

Once a patient qualifies for testosterone therapy (1,2), risks and benefits of therapy
as well as pros and cons of each formulation should be discussed (Table 1). Patients
should be informed that currently, both data.and experience with SC testosterone therapy is
limited. This discussion should also include cast considerations as SC auto-injector is more
expensive compared to conventional SC injections with testosterone esters. After this
discussion, should the patient decide on injectable testosterone and opts for the SC route,
we suggest starting the patient at the dose of 75 mg/week of testosterone enanthate or
cypionate as studies suggest that this slightly lower dose is sufficient to achieve therapeutic
serum levels of testosterone compared with the IM route (24,25,27-29). On-treatment serum
testosterone concentrations should be measured mid-point between the injections and the
dose can be reduced to 50 mg/week or increased to 100 mg/week aiming for the mid-range
serum total testosterone concentrations for healthy young men (1). Clinicians should
continue to assess testosterone levels periodically. For testosterone undecanoate, the only
study that assessed pharmacokinetics after SC injection suggest that the same dose should
be used that is used for IM injection (26); however, more studies with testosterone
undecanoate will shed further light regarding the optimal dose for SC administration.

Additionally, though data on this ultra long-acting formulation is available with the 1000 mg
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dose regimen (26), studies with 750 mg dose (the approved dose in the United States) are
also needed. Similar to IM injections, periodic monitoring of the patients for risks and

benefits should continue as recommended by clinical practice guidelines (1).

Conclusion

Administration of testosterone ester via the SC route has been gaining popularity. To
date, limited data suggest that SC administration of testosterone enanthate and cypionate
results in stable and predictable on-treatment concentrations, has good acceptability among
patients and can be self-administered more easily than IM injections. Furthermore, localized
adverse effects at the injection site are mild and transient. Although long-term studies with
larger number of patients are needed to evaluate the safety and compliance of SC
testosterone (in particular for testosterone undecanoate), clinicians should be aware of this
route of testosterone administration, as it has the potential to increase patient adherence to
therapy of a formulation that is relatively inexpensive and results in comparable on-treatment

serum testosterone concentrations.

Data Availability

Data sharing is not applicable to this article as no datasets were generated or

analyzed during the current study.
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Figure Legends

Figure 1
Timeline of various testosterone formulations available in the United States since Brown-
Sequard's experiments in 1889.

Figure 2

A) lllustration of the progressive increase in lipophilicity of testosterone esters with increase
in number of carbons in the side chain.

B) Schematic illustration of the absorption steps of testosterone esters after IM (left) or SC
(right) injection. With administration using either route, the ester exits the depot via diffusion
into the interstitium from where it enters the lymphatics and subsequently reaches the
circulation where it undergoes hydrolysis by intracellular esterases. Testosterone ester is
also partly hydrolyzed within the interstitium, with free testosterone entering the circulation
directly.

Figure 3

A) Mean serum total testosterone concentrations in men on 50 and 100 mg SC testosterone
enanthate measured pre-dose (0 hour) and 24 hours post-dose. Adapted from (25)
Kaminetsky J, Jaffe JS, Swerdloff RS. Pharmacokinetic Profile of Subcutaneous
Testosterone Enanthate Delivered via a Novel, Prefilled Single-Use Autoinjector: A Phase Il
Study. Sex Med 2015; 3:269-279 with permission from Elsevier.

B) Mean serum testosterone concentrations with- weekly 100 mg IM administration of

testosterone enantathe to men with primary hypogonadism (vertical arrows represent
injections, error bars represent standard error of mean and dashed lines represent normal
range. Adapted with permission from (46).

Figure 4

A) Mean trough concentrations of testosterone in hypogonadal men on weekly SC 75 mg
testosterone enanthate (29). B) Total testosterone concentrations after IM and SC
administration of testosterone enanthate in 14 transgender men (24). C) Trough total
testosterone concentrations on SC testosterone cypionate in 11 transgender men. Adapted
with permission from (47).

Figure 5

A) Serum total testosterone concentrations in 63 transgender men on weekly SC
testosterone enanthate or cypionate. The bar represents mean value and the rectangle
demarcates total testosterone range. Adapted with permission from (28).

B) Optimal doses needed to maintain serum total testosterone concentration within the
desired range were not influenced by participant’s BMI (bars indicate mean values). Adapted
with permission from (28).

Figure 6
Serum total testosterone (A), DHT (B) and estradiol (C) concentrations after SC or IM
administration of 1000 mg of testosterone undecanoate. Adapted with permission from (26).
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Figure 7

Mean DHT (A) and estradiol (B) concentrations on weekly SC injections of 75 mg
testosterone enanthate. Adapted from (27) Kaminetsky JC, McCullough A, Hwang K, Jaffe
JS, Wang C, Swerdloff RS. A 52-Week Study of Dose Adjusted Subcutaneous Testosterone
Enanthate in Oil Self-Administered via Disposable Auto-Injector. J Urol 2019; 201:587-594
with permission from Wolters Kluwer.
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Table 1 - Advantages and disadvantages of available testosterone formulations.

Route Formulation Advantages Disadvantages
T enanthate or Relatively inexpensive, self- Requires IM injection; peaks and valleys in serum T concentrations that may be
M cypionate administered;predictable levels associated with fluctuations in symptoms
. . Requires IM injection ofa large volume (3 or 4 mL); coughing episodes after
T undecanoate Infrequent administration J2
injection in some men
Ease ofapplication, good skin Potential of transfer by skin contact; T concentrations may be variable from
Gels (1%, 1.62%, " e C Y S e ) X
or 2%) tolerability application to application; skin irritation in some men; moderately high DHT
concentrations (of unknown significance)
Transdermal Patch Qase of applllz?/té?:, predictable High rate of skinirritation at the applicationsite; reduced adherence with sweating
Potential transfer to others by contact; T concentrations may be variable from
T axillary solution Good skin tolerability application to application; skin irritation in a small proportion of patients;
moderately high DHT concentrations (ofunknown significance)
g:)?gf‘sl Convenient Gum irritation; dysgeusia; twice daily dosing
Transmucosal Rapid absorption;avoidance of first
Nasal gel P ption, X Multiple daily dosing; cannot be used in men with nasal disorders
passmetabolism
SC Implant Pellets Infrequent administration Requires surgical insertion; pellets may extrl_Jde spontaneously; risk of hematoma
and infection
Oral T undecanoate Ease of administration Requires twice daily dosing; unfavorable effect on lipids and blood pressure

DHT, dihydrotestosterone; E2, estradiol; IM, intramuscular; SC, subcutaneous T, testosterone. Adapted from Bhasin et al 2018 (1).

1202 4890joQ Lz U0 358nB Aq G8G0L#9/2/LqeBp/Wwaulo/0LZ 1’0 L/10P/2|0IE-90UBAPE/WSO[/L0S" dNO"DIWePEDE//:SA]IY WO} POPEOJUMOQ



Table 2 - Ratio of DHT and Estradiol to testosterone by dose and route of administration during treatment with testosterone enanthate.

Metabolite to T ratio at week 6* 50 mg/week SC 100 mg/week SC 200 mg IM
Mean DHT/Tratio 0.0750 0.0609 0.0732
Mean Estradiol/T ratio 0.0063 0.0055 0.0032

*Ratio of AUCy_16sn of DHT and estradiol to AUCy g, O serum total testosterone at week 6 of treatment. Data from Kaminetsky et al 2015 (25). DHT,
dihydrotestosterone; IM, intramuscular; T, testosterone; SC, subcutaneous.
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Table 3 — Local and systemic adverse events during SC administration of testosterone esters (number of events in parenthesis).

. Systemic
Local Site-Related Adverse
Study Ester Frequency Dose Range Duration Population Sample Adverse Effects Effects
Olson et al. \ erythema (2), swelling i
2014 (51) TC Weekly 25-75mg 6 months Transgendermen 36 (2) and pain (2)
l;?rr;lgizéslgsit TE Weekly 50— 100 mg 6 weeks Hypogonadal men 29 ecchymosis (1) 4 (not specified).
Spratt et al. TCor > Up to 43 nodules (4), urticaria
2017 (28) TE Weekly 50 — 150 mg months Trangender men 63 (2), inflammation (2) acne (37)
erythrocytosis
erythema (31), (18),
induration (11), hypertension
Kaminetsky et ) hematoma (11), (29),
al. 2019 (27) TE Weekly 50 - 100 mg 52 weeks Hypogonadal men 150 bleeding (10). polycytemia (3),
echymosis (9), itching 3 acne (3),
(9), pain (7) prostate
enlargement (2)
prostatitis (4),
polycytemia (3),
hypertension
Gittelman et al. ) hemorrhage (8), (3), fatigue (3),
2019 (29) TE Weekly 50 - 100 mg 26 weeks Hypogonadal men 133 bruising (5), pain (1) insomnia (3),
nausea (3),
deep vein
thrombosis (1)
Turner et al Hypogonadal and
2019 (26) ' TU once 1000 mg 14 weeks transgender men 20 pain (19) not reported

TC, testosterone cypionate; TE, testosterone enanthate; TU, testosterone undecanoate.
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Figure 2
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Figure 3
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Figure 7
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