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Introduction: Long-acting testosterone formulations are essential but
infrequently used for gender affirmation. Although not FDA approved in the
United States for gender dysphoria, testosterone undecanoate is a long-acting
testosterone formulation administered every 10 weeks. Similarly, Testopel is an
FDA-approved testosterone pellet implanted subcutaneously every three to six
months, which slowly releases testosterone for a long-acting androgenic effect.
Methods: A retrospective review was conducted between January 2020 and
June 2024. Data was collected through the electronic health record using a
standardized Case Report Form and patients were identified using a unique
study identifier corresponding to their medical record number. Data was then
collected about these patients including sex assigned at birth, gender identity,
age, race, insurance coverage type, prior testosterone formulation use, type of LA
testosterone used, duration of LA testosterone use, reasons for LA testosterone
use, recent testosterone level, and recent hematocrit level.

Results: Thirteen individuals were found. Median age was 37 years (IQR 23, 53),
and 54% were White, 15% Latino/Hispanic, 7.7% Asian, 8% Black, 8% Mixed Race,
and 8% American Indian. Insurance coverage included 8% Medicaid, 78% private,
and 15% Medicare. Most patients (85%) were on testosterone undecanoate
while 15% were on Testopel. Median duration of use was 20 months (IQR 5, 102).
Formulations prior to switching were 69% short-acting testosterone injections,
23% topical gel, and 8% patches. Findings showed most common reasons
for switching to long-acting testosterone formulations were 31% poor self-
reported adherence (31%) and intolerance or needle phobia (31%). Median total
testosterone level was found to be 403 (IQR 167-689) and median hematocrit
of 47.2% (IQR 27.6-48.3).

Conclusion: Many chose LA testosterone to improve adherence, which
ultimately would improve patient satisfaction. Although there are no official
guidelines recommending short versus long-acting testosterone use, having the
availability of long-acting formulations may create space for shared decision-
making between patients and providers to best address gender-affirming
goals of patients. Barriers may exist in terms of paying for and acquiring long-
acting formulations, making a dedicated pharmacy technician or insurance
authorization specialist a critical part of a gender health program.
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Introduction

Gender affirming hormone therapy (GAHT) plays a crucial role
in reducing gender dysphoria and improving mental health outcomes
among transgender and nonbinary individuals (1, 2). For individuals
assigned female at birth, testosterone therapy remains the primary
pharmacologic intervention (3).

There are various formulations that exist for testosterone, including
transdermal, subcutaneous (SC), intramuscular (IM), oral, and long-
acting preparations (3-6). Short-acting injectables (e.g., testosterone
cypionate) are commonly used in the United States, often administered
weekly or biweekly (3). This schedule may create barriers for some
individuals, contributing to poor adherence, fluctuating serum
testosterone levels, and injection fatigue.

Testosterone undecanoate is a long-acting intramuscular formulation
that was approved by the FDA in 2014 for male hypogonadism (7). Its
long-acting effects provide for a more extended dosing interval of
approximately 10 weeks (7). Although it is used off label in the United
States, it is commonly and widely used internationally for the purposes
of gender dysphoria. Use of this formulation in the US requires strict
administration guidelines due to concerns for rare reactions including
pulmonary oil microembolisms and anaphylaxis (7, 8). Because of these
concerns, the Risk Evaluation and Mitigation Strategy (REMS) program
was created in the United States, requiring administration of testosterone
undecanoate to be done only by a trained healthcare professional
followed by post-injection observation for thirty minutes (7-9). Testopel,
another long-acting testosterone formulation, is an FDA approved
subcutaneous testosterone pellet that delivers sustained androgenic
effects for up to six months (10, 11). Recent studies in transgender men
report favorable virilizing effects and convenience, but also note
procedure-related complications (pellet extrusion and site infection),
highlighting the need for routine monitoring (12).

Data on the use of long-acting testosterone formulations for gender
affirming care is limited, especially in the United States. This study aims
to describe a cohort of transmasculine individuals using long-acting
testosterone for gender-affirmation and the reasons for this particular
delivery method at two Academic Health Center clinics in Southern
California.

Materials and methods

A retrospective review was conducted at two Academic Health
Center clinics offering hormone therapy to transgender and nonbinary
patients. The study included individuals who initiated either testosterone
undecanoate or Testopel long-acting formulations for gender affirmation
between January 2020 (at initial initiation of long-acting testosterone)
and June 2024. (at the time of data extraction). The research protocol
was approved and deemed exempt by the Institutional Review Board at
the University of California, San Diego on April 28th, 2024.

Eligible patients were identified using electronic health records and
assigned unique study identifiers. Data was extracted using a standardized
case report form with the following inclusion criteria: assigned female at
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birth, identified as transmasculine or non-binary, and initiated long-
acting testosterone for gender affirmation purposes. Data was collected
about the patients including: sex assigned at birth, gender identity, age,
race, insurance coverage type, prior testosterone formulation, type of LA
testosterone, duration of LA testosterone use, reasons for LA testosterone
use, recent testosterone level, and recent hematocrit level.

Results

Thirteen individuals assigned female at birth initiated long-acting
testosterone for gender affirmation. Twelve identified as transgender
men and one as non-binary. The median age was 37 years (IQR 23,
53). Race and ethnic composition were as follows: 54% White, 15%
Latinx/Hispanic, 8% Black, 8% Mixed race, 8% American Indian, and
8% Asian. Most patients (78%) were privately insured, with 15%
covered by Medicare and 8% by Medicaid. 85% were on testosterone
undecanoate while 15% were taking Testopel. Median duration of
long-acting testosterone use was 20 months (IQR 5, 102) (Table 1).

Formulations prior to switching were 69% short-acting testosterone
injections, 23% topical gel, and 8% transdermal patches. Reported
reasons for transitioning to long-acting testosterone included poor
adherence (31%), intolerance/needle phobia (31%), injection fatigue
(8%), convenience (8%), fluctuations on short-acting testosterone (8%),
patient preference (8%), and international availability (8%) (Figure 1).

Lab data available prior to the last dose administered demonstrated
median total testosterone levels of 403 (IQR 167-689) and median
hematocrit of 47.2% (IQR 27.6-48.3), consistent with therapeutic
androgenization. No cases of pulmonary oil microembolism or
anaphylaxis were observed in this cohort.

Discussion

This study describes one of the few United States based cohorts of
transgender and nonbinary individuals assigned female at birth
receiving long-acting testosterone for gender affirmation. Most of the
participants transitioned to long-acting formulations from short-
acting ones, citing adherence challenges, needle intolerance, and
convenience as primary motivators. Gender-affirming hormone
therapy is a life-long process, and these findings underscore the
importance of flexible, patient-centered treatment modalities.

The pharmacokinetic profile of testosterone undecanoate and
Testopel offers stable serum testosterone concentrations at extended
dosing intervals, potentially reducing hormonal fluctuations and
improving quality of life (7, 10, 11). With respect to testosterone
undecanoate, international and pharmaceutical data suggest that
pulmonary oil microembolisms and anaphylaxis are rare, occurring
in fewer than 0.01% of injections (7, 8, 13). While the REMS program
serves as a safety measure for reducing adverse events, the risk for
these rare events are so low that it may also serve as a barrier for
patients from accessing this formulation. Routine implementation of
both testosterone undecanoate and Testopel in clinical settings faces
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TABLE 1 Characteristics of participants using long-acting testosterone
(N =13).

Characteristic n (%) or Median (IQR)

Gender identity

« Transgender male 12 (92%)

« Nonbinary 1(8%)

Age (years) 37 (IQR 23, 53)
Race/Ethnicity

« White 7 (54%)

« Latino/Hispanic 2 (15%)

o Asian 1(8%)

« Black 1(8%)

« Mixed race 1(8%)

« American Indian 1(8%)
Insurance type

« Private 10 (78%)

« Medicare 2 (15%)

« Medicaid 1(8%)
Type of long-acting testosterone

« Testosterone undecanoate 11 (85%)

« Testopel pellets 2 (15%)
Duration of LA Use (months) 20 (IQR 5, 102).
Testosterone formulations prior to LA

« Short-acting injectable 9 (69%)

« Topical gel 3 (23%)

« Patch 1(8%)
Median total testosterone 403 (IQR 167-689)
Median hematocrit 47.2% (IQR 27.6-48.3)

10.3389/fpubh.2026.1751013

shared challenges related to procedural access, insurance coverage,
and variable absorption rates. Nonetheless, it remains a viable
alternative for individuals preferring less frequent administration or
those who face difficulties with injections.

Erythrocytosis is a known effect of testosterone therapy and a key
safety consideration in prescription GAHT. The degree of elevation
can vary based on formulation, dosing, and cumulative testosterone
exposure. Short-acting formulations, especially administered at longer
intervals, have been associated with higher peak serum testosterone
levels and higher prevalence of erythrocytosis compared to
transdermal formulations (14-16). Long-acting formulations provide
more stable serum testosterone levels and may reduce peak-related
erythropoietic stimulation; however, erythrocytosis is still reported
with long-term use (14, 15). Similarly, testosterone pellets offer
sustained androgen delivery but may limit dosing flexibility once
implanted, which can complicate management of rising hematocrit.
Studies have reassuringly shown that hematocrit levels with these
formulations stay within acceptable ranges (11, 17). These findings
highlight that the risk of erythrocytosis among formulations are
shared and emphasize the importance of routine monitoring.

Financial and logistical barriers remain major impediments to the
use of long-acting testosterone formulations (18). Short-acting
injectable testosterone is typically the least expensive, with costs out
of pocket around $15-$60 per vial (19). These lower costs are largely
attributable to the long -standing availability of these formulations,
their stability and extended shelf life, and widespread generic
manufacturing, which together contribute to more consistent
insurance coverage (19). Out-of-pocket costs for testosterone
undecanoate vary significantly, but with commercial insurance and
the manufacturer’s copay program, eligible patients can pay $0 per
injection, though the drug’s retail price can be around $2,000 per shot
(7, 19). Testosterone pellets similarly on average cost $1,000 per
procedure (19). Cost differences are compounded by variable

Patient Preference
8%

Felt drop on short acting
8%

Convenience
8%

Injection Fatigue
8%

FIGURE 1
Reasons for long-acting testosterone use.

Availability

Inconsistency
31%

Intolerance/Needle phobia
31%
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insurance coverage, prior authorization requirements, and possible
out-of-pocket expenses for monitoring and provider visits which can
create their own barriers (9, 18).

Integrating dedicated access personnel (e.g., pharmacists, pharmacy
technicians, patient navigators) within gender health programs can help
streamline processes such as prior authorizations, REMS program
requirements, and other logistical steps, ultimately improving access to
therapy.

Limitations

This study has several limitations. Its small sample size and single-
institution setting may restrict the generalizability of the findings. The
retrospective design further limits causal inference. In addition, long-term
outcomes and patient satisfaction data were not systematically collected.
As a result, the findings may not be fully representative of all
transmasculine individuals or clinical settings. Future prospective
multicenter studies are warranted to better characterize rare adverse
events, assess patient-reported outcomes, and inform evidence-based
guidelines for the use of long-acting testosterone in gender-affirming care
in the United States.

Conclusion

Long-acting testosterone formulations, including testosterone
undecanoate and Testopel, represent crucial options in gender-
affirming trans masculinization and expand therapeutic options.
These formulations offer more consistent androgen exposure and
reduced dosing frequency (7, 11). Having access to these formulations
offers improved adherence, overall patient satisfaction, and quality of
life. Despite regulatory and cost barriers, expanding access to long-
acting testosterone formulations supports individualized, affirming,
and sustainable hormone therapy that is safe and effective for
transgender and nonbinary individuals.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author/s.

Ethics statement

The requirement of ethical approval was waived by the University
of California, San Diego - Office of IRB Administration for the studies
involving humans because information was recorded in such a

References

1. Restar AJ. Gender-affirming care is preventative care. Lancet Reg Health - Am.
2023. Available online at: https://www.thelancet.com/journals/lanam/article/
PIIS2667-193X(23)00118-7/fulltext (Accessed November 12, 2025).

2. Majumder A, Chatterjee S, Maji D, Ghosh S, Selvan C, George B, et al. IDEA Group
consensus statement on medical Management of Adult Gender Incongruent Individuals

Frontiers in Public Health

10.3389/fpubh.2026.1751013

manner that the identity of the human subjects cannot readily be
ascertained. The studies were conducted in accordance with the local
legislation and institutional requirements. Written informed consent
for participation was not required from the participants or the
participants’ legal guardians/next of kin because individuals were not
engaged during the process of the research study.

Author contributions

RH: Writing - original draft, Writing - review & editing,
Visualization, Formal analysis, Methodology. VN: Data curation,
Writing - review & editing. RI: Writing - review & editing,
Conceptualization, Supervision. AP: Writing — review & editing. TH:
Conceptualization, Supervision, Methodology, Data curation, Writing —
review & editing. JB: Methodology, Conceptualization, Writing — review
& editing, Supervision.

Funding

The author(s) declared that financial support was not received for
this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Seeking Gender Affirmation as male. Indian ] Endocrinol Metab. (2023) 27:3-16. doi:
10.4103/ijem.ijem_410_22

3. Irwig MS. Testosterone therapy for transgender men. Lancet Diabetes Endocrinol.
(2017) 5:301-11. doi: 10.1016/52213-8587(16)00036-X

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1751013
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.thelancet.com/journals/lanam/article/PIIS2667-193X(23)00118-7/fulltext
https://www.thelancet.com/journals/lanam/article/PIIS2667-193X(23)00118-7/fulltext
https://doi.org/10.4103/ijem.ijem_410_22
https://doi.org/10.1016/S2213-8587(16)00036-X

Hudda et al.

4. Writer CBPharmD, MS MEd, BCPS, BCACP Clinical Pharmacist Practitioner
Freelance. 2023. A review of testosterone therapy options for men. Available online at:
https://www.uspharmacist.com/article/a-review-of-testosterone-therapy-options-for-men
(Accessed November 12, 2025)

5. Korpaisarn S, Chiewchalermsri D, Arunakul J, Chinthakanan O, Poomthavorn P,
Sriphrapradang C. Effects of testosterone treatment on transgender males: a single-institution
study. SAGE Open Med. (2021) 9:20503121211051546. doi: 10.1177/205031212110
51546

6. Hembree WC, Cohen-Kettenis PT, Gooren L, Hannema SE, Meyer W], Murad MH,
etal. Endocrine treatment of gender-dysphoric/gender-incongruent persons: an Endocrine
Society clinical practice guideline. J Clin Endocrinol Metab. (2017) 102:3869-903. doi:
10.1210/jc.2017-01658

7. Endo, Inc. 2025. AVEED® (testosterone undecanoate) injection — Full prescribing
information/highlights. Available online at: https://www.aveedusa.com/ (Accessed
November 12, 2025)

8. Pastuszak AW, Hu Y, Freid JD. Occurrence of pulmonary oil microembolism after
testosterone undecanoate injection: a postmarketing safety analysis. Sex Med. (2020)
8:237-42.

9. Endo, Inc. 2024. AVEED® risk evaluation and mitigation strategy (REMS). Aveed
REMS program. Available online at: https://www.aveedrems.com/s/ (Accessed November
12, 2025)

10. Handelsman DJ, Conway AJ, Boylan LM. Pharmacokinetics and pharmacodynamics
of testosterone pellets in man. J Clin Endocrinol Metab. (1990) 71:216-22. doi: 10.1210/
jcem-71-1-216

11. Endo, Inc. 2025. TESTOPEL® (testosterone pellets) — Full Prescribing Information.
Available online at: https://www.testopel.com/ (Accessed November 12, 2025)

Frontiers in Public Health

05

10.3389/fpubh.2026.1751013

12. Cheng K, Skolnick A. Testosterone pellet use in transgender men. Transgend
Health. (2023) 8:494-9. doi: 10.1089/trgh.2021.0205

13.Jacobeit JW, Gooren LJ, Schulte HM. Safety aspects of 36 months of
administration of long-acting intramuscular testosterone undecanoate for treatment
of female-to-male transgender individuals. Eur ] Endocrinol. (2009) 161:795-8. doi:
10.1530/EJE-09-0412

14. Okano SHP, Braga GC, Cantelli DAL, Filho LASP, Brito LGO, Lara LA d S. Effect
of testosterone formulations on hematocrit in transgender individuals: a systematic
review. Andrology. (2025) 13:422-30. doi: 10.1111/andr.13695

15. Madsen MC, van Dijk D, Wiepjes CM, Conemans EB, Thijs A, den Heijer M.
Erythrocytosis in a large cohort of trans men using testosterone: a long-term follow-up
study on prevalence, determinants, and exposure years. ] Clin Endocrinol Metab. (2021)
106:1710-7. doi: 10.1210/clinem/dgab089

16. Ohlander SJ, Varghese B, Pastuszak AW. Erythrocytosis following testosterone
therapy. Sex Med Rev. (2018) 6:77-85. doi: 10.1016/j.sxmr.2017.04.001

17. Rotker KL, Alavian M, Nelson B, Baird GL, Miner MM, Sigman M, et al.
Association of subcutaneous testosterone pellet therapy with developing secondary
polycythemia. Asian J Androl. (2018) 20:195-9. doi: 10.4103/aja.aja_51_17

18. D'’Angelo AB, Dearolf M, Restar A, Tsui EK, Zewde N, Grov C. Navigating
payment and policy barriers to gender-affirming care for transmasculine individuals: a
qualitative study and policy assessment. Soc Sci Med. (2025) 366:117666. doi: 10.1016/j.
socscimed.2024.117666

19. Thirumalai A, Berkseth KE, Amory JK. Treatment of hypogonadism: current and
future therapies. FI000Res. (2017) 6:68. doi: 10.12688/f1000research.10102.1

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1751013
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.uspharmacist.com/article/a-review-of-testosterone-therapy-options-for-men
https://doi.org/10.1177/20503121211051546
https://doi.org/10.1177/20503121211051546
https://doi.org/10.1210/jc.2017-01658
https://www.aveedusa.com/
https://www.aveedrems.com/s/
https://doi.org/10.1210/jcem-71-1-216
https://doi.org/10.1210/jcem-71-1-216
https://www.testopel.com/
https://doi.org/10.1089/trgh.2021.0205
https://doi.org/10.1530/EJE-09-0412
https://doi.org/10.1111/andr.13695
https://doi.org/10.1210/clinem/dgab089
https://doi.org/10.1016/j.sxmr.2017.04.001
https://doi.org/10.4103/aja.aja_51_17
https://doi.org/10.1016/j.socscimed.2024.117666
https://doi.org/10.1016/j.socscimed.2024.117666
https://doi.org/10.12688/f1000research.10102.1

	Easing the burden: exploring the role of long-acting testosterone formulations in gender-affirming care
	Introduction
	Materials and methods
	Results
	Discussion
	Limitations
	Conclusion

	References

