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A B S T R A C T

Introduction. Implantable testosterone pellets were approved by the Food and Drug Administration in 1972 for the
treatment of testosterone deficiency syndrome (TDS). Clinical use of this testosterone delivery modality has been
limited until its recent reintroduction (Testopel®, Slate Pharmaceuticals, Durham, NC, USA). Six academic insti-
tutions collaborated and combined their databases to more fully characterize serum testosterone levels after the pellet
implantations.
Aims. To assess the time-dependent serum testosterone levels after subcutaneous testosterone pellets in clinical
practice for the treatment of TDS.
Methods. Data were retrospectively pooled and analyzed from data in six academic institutions. Variables included
patient age, total testosterone concentrations before and after implantation, the number of testosterone pellets
implanted, and the time from implantation to measurement of serum testosterone concentrations. Three hundred
eighty men undergoing 702 insertions were included for analysis using JMP (version 4.0.4; SAS Institute, Cary, NC,
USA).
Main Outcome Measures. Main outcome measures were postimplantation total testosterone levels and investigator-
reported adverse events. Testosterone levels as a function of the number of pellets implanted and time from
implantation were assessed.
Results. Implantation of six to �10 testosterone pellets (450 to �750 mg) increased total testosterone into the
therapeutic range at 1 month postimplantation and sustained therapeutic levels (>300) for 4–6 months. Higher pellet
numbers (10–12 pellets) were associated with higher, more consistent, and longer maintenance of testosterone levels
within the therapeutic range. Four extrusions and three hematomas were reported early in our experience; other
investigator-reported adverse events were generally mild to moderate in nature and transient in duration. No
subjects required analgesics.
Conclusions. Testosterone pellets (Testopel®, Slate Pharmaceuticals) provide sustained levels of testosterone for at
least 4 months and up to 6 months in men with TDS. Implantation of �8 pellets achieved optimal results with
respect to peak mean testosterone level and duration of effect. Testosterone pellets were generally well tolerated.
McCullough AR, Khera M, Goldstein I, Hellstrom WJG, Morgentaler A, and Levine LA. A multi-
institutional observational study of testosterone levels after testosterone pellet (Testopel®) insertion. J Sex
Med 2012;9:594–601.
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Introduction

T estosterone is a sex steroid that is critical for
the structure and function of genital tissues,

especially penile erectile tissue. Testosterone defi-
ciency syndrome (TDS), hypogonadism, androgen
insufficiency syndrome, andropause, and male
menopause are all synonyms used to describe
the clinical syndrome of low serum testosterone.
The symptoms of TDS include one or more of the
following: decrease in sexual activity, loss of libido
or sexual interest, thoughts, or fantasies, erectile
dysfunction, decrease in volume of ejaculate,
decreased orgasmic intensity, irritability, nervous-
ness, generalized weakness, loss of muscle mass,
lack of energy, osteoporosis, fractures, decrease of
body hair, and abdominal obesity. These symp-
toms in conjunction with a biochemical measure of
low testosterone such as low “calculated free test-
osterone” may be indicative of TDS in men [1,2].

Normal testosterone levels range from 300 to
1,000 ng/dL, and levels below 300 ng/dL are typi-
cally required for a diagnosis of TDS [3–5]. This
syndrome is estimated to occur in 5 million men in
the United States alone, with a prevalence of 39%
in men at least 45 years of age [6]. Prevalence
appears to increase as a function of age, occurring
in relatively low levels in men younger than 49
years of age and increasing to 49% (as determined
by total testosterone levels) or 91% (as determined
by free testosterone index) in men in their 80s [4].
With the aging of the American population, TDS
is likely to afflict a growing number of men.

Testosterone replacement therapy has been
shown to improve multiple symptoms of testoster-
one deficiency [7–9]. Studies demonstrate that use
of exogenous testosterone can improve sexual
function and mood, increase muscle mass,
strength, fat-free mass, and bone density, and
decrease cholesterol in men with testosterone defi-
ciency [8–14].

Multiple formulations of exogenous testoster-
one have been used to treat TDS, including short
acting (e.g., gels, patches, oral formulations, and
buccal systems) and long acting (e.g., injectable
testosterone undecanoate [not approved in the
United States] and implantable testosterone
pellets) [3,15]. The approved formulations have
been shown to increase testosterone into the
normal physiologic range [3,15]. Unlike the short-
acting formulations, which require daily dosing,
testosterone pellets can provide sustained
increases in serum testosterone for a period of 4 to
6 months [3,15–17]. The long-acting testosterone

pellets may provide a more patient-friendly treat-
ment modality that has the potential to increase
compliance and improve patient outcomes.

The sustained activity of implantable testoster-
one pellets makes this formulation an attractive
approach to treat TDS. Previous reports on sub-
cutaneous testosterone pellet therapy have shown
that this formulation is generally well tolerated
and reported mostly minor adverse events such as
local pain and tenderness, swelling and bruising of
the buttocks, minor ecchymosis, infection of the
pellet or insertion track, wound infection, and
pellet extrusion [15,17–22].

At the present time, the only long-acting test-
osterone replacement therapy approved by the
U.S. Food and Drug Administration (FDA) is
Testopel® (75 mg testosterone per pellet) (Slate
Pharmaceuticals, Durham, NC, USA). Despite its
approval by FDA in 1972, little is known about the
pharmacokinetics of this formulation. In a retro-
spective review of the medical records of 80
patients, Cavender and Fairall reported that total
testosterone concentrations were an average of
70% higher than baseline at approximately 60 days
after pellet implantation [15]. Kaminetsky et al.
conducted a prospective study of testosterone
pellets in a clinical setting, which demonstrated
that this formulation can normalize testosterone
levels and improve the symptoms of TDS for 3–6
months. Though a prospective study, the study is
limited to 28 patients [17]. These results are con-
sistent with the pharmacokinetics of other test-
osterone pellet formulations that are not marketed
in the United States [16,18,23–26]. Testosterone
pellets in the USA are also produced generically by
independent compounding pharmacies with
unknown and varying phamacodynamic proper-
ties. The pellets used in this study were exclusively
the FDA approved testosterone pellets. The
results should be considered unique to this prepa-
ration and should not be generalized to other tes-
tosterone pellet preparations, commercial or
generic.

Aims

The objective for this study was to provide a larger
experience on total testosterone levels after subcu-
taneous testosterone pellets used in clinical prac-
tice for the treatment of TDS. Serum testosterone
concentrations and the number of pellets admin-
istered were collected by retrospective chart
review for all patients who received treatment with
testosterone pellets.
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Methods

Data were retrospectively and anonymously col-
lected from patient records at each research center
to further characterize the effect to testosterone
pellet insertions on serum total testosterone levels.
At each center, an Institutional Review Board
reviewed the study and granted an informed
consent waiver. Data from adult males of any age
with TDS who received at least one insertion pro-
cedure with subcutaneous testosterone pellets
were included in this analysis.

From each eligible patient’s medical records,
the following data were tabulated: patient age,
total serum testosterone concentrations before
and after implantation, the number of testoster-
one pellets implanted, and the time from implan-
tation to measurement of serum testosterone
concentrations. Data were summarized and ana-
lyzed using JMP (version 4.0.4; SAS Institute,
Cary, NC, USA). Data were categorized by insti-
tution and the number of testosterone pellets
implanted (grouped as six or seven pellets, eight
or nine pellets, and 10 or more pellets). The time
between pellet implantation and subsequent visits
or data were grouped by month, with a month
defined as 30 days (for example, differences of 29
and 31 days were categorized as 1 and 2 months,
respectively).

Main Outcome Measures

The main outcome measures were postimplanta-
tion total serum testosterone levels and
investigator-reported adverse events. Changes in
total testosterone as a function of the number of
pellets implanted were assessed.

Results

Medical records for 380 men who had pellet
implantations from March 2008 through Septem-
ber 2009 were included in this investigation.
Patient characteristics at baseline are shown in
Table 1. Mean total serum testosterone, which was
assessed prior to the implantation procedures, was
235 (110) ng/dL. Mean preimplantation testoster-
one for subjects receiving six or seven, eight or
nine, or �10 pellets were 182 (112), 209 (91), and
239 (102) ng/dL, respectively. A total of 702
implantation procedures were performed in 380
men. Of the 702 procedures, six or seven (450 or
525 mg) pellets were implanted in 73 (10%) pro-
cedures, eight or nine (600 or 675 mg) pellets were
implanted in 189 (27%) procedures, and 10 or
more pellets (�750 mg) were implanted in 404
(63%) procedures. The mean time to follow-up
was 74 days (confidence interval [CI] 68, 80).

Total testosterone levels at various time points
following testosterone pellet implantation are
summarized in Table 2 and shown in Figure 1.
Regardless of the number of pellets implanted,
mean peak testosterone levels were observed at 1
month following implantation, reaching 712, 719,
and 795 ng/dL for the six to seven, eight to nine,
and �10 pellet groups, respectively. Total test-
osterone remained above 300 ng/dL at 4 months
for all groups with 95% confidence in the 8–9 and
10–12 pellet groups. For subjects receiving eight
or nine pellets, mean total testosterone was 305
and 298 ng/dL at 5 and 6 months, respectively,
after implantation. In patients receiving at least 10
pellets, total testosterone was 356 and 206 ng/dL
at these same time points. Median levels and per-
centage of testosterone measurements greater

Table 1 Patient characteristics

Characteristics Overall Baylor Harvard NYU Center rush San Diego Tulane

Number of patients 380 176 41 120 11 12 20

Number of pellet insertion procedures 702 299 80 234 18 23 48

Patient age (years) at pellet insertion

Mean (SD) 59 (129) 57 (133) 589 (11) 66 (15.4) 57 (10.1) 59 (7.0) 52 55 (11.6)

Total testosterone (ng/dL) before pellet implantation

Mean (SD) 235 (110) 246 (95) 162 (36) 227 (160) 262 (95) 224 (94.8) 238 (00)

Lower and upper 5% 221, 249 230, 261 144, 181 192, 263 198, 326 NA 192, 284

Number of insertions N (% of procedures)

Six or seven pellets (450 or 525 mg) 73 (10) 8 (2.6) 17 (21.5) 18 (7.8) 5 (25.0) 0 18 (37.5)

Eight or nine pellets (600 or 675 mg) 189 (27) 22 (73) 40 (49.4) 64 (27) 13 (75.0) 12 (52.4) 19 (39.6)

10 or more pellets (�750 mg) 440 (63) 269 (90) 23 (29) 152 (65) 0 11 (47.6) 11 (22.4)

Days after implant for follow-up testosterone level

Mean (SD) 74 (75) 44 (35) 59 (45) 95 (95) 73 (62) 58 (58) 101 (63)

Lower and upper 95% 68, 80 39, 49 49, 69 84, 106 38, 107 26, 90 83, 120

As some patients had more than one pellet insertion, N exceeds the number of patients
N = number of observations; NA = not applicable; NYU = New York University; SD = standard deviation
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Figure 1 Total testosterone levels by month from insertion.

Table 2 Total testosterone levels after pellet implantation

Total testosterone (ng/dL)

by testopel dose Baseline

Time after pellet implantation

1 month 2 months 3 months 4 months 5 months 6 months

Six or seven pellets

Number of measurements 18 17 27 17 5 21

Mean (SD) 182 (112) 712 (210) 476 (209) 468 (127) 366 (177) 199 (44) 249 (159)

Median 197 787 478 439 314 218 240

Lower and upper 5% 151, 214 578, 845 336, 617 370, 565 254, 479 89, 309 164, 334

Minimum, maximum 233, 966 238, 1,010 335, 673 126, 764 149, 231 26, 573

% of measurements >300 ng/dL 22 91 81 99 55 5 28

Eight or nine pellets

Number of measurements 72 60 58 60 30 34

Mean (SD) 209 (91) 719 (328) 558 (210) 402 (130) 364 (150) 305 (97) 298 (166)

Median 193 661 572 423 328 301 311

Lower and upper 5% 101, 225 624, 824 477, 637 353, 452 306, 422 251, 359 216, 380

Minimum, maximum 221, 1,078 216, 1,037 210, 686 164, 825 168, 439 56, 725

% of measurements >300 ng/dL 22 94 83 72 53 53 53

10 or more pellets

Number of measurements 128 104 82 78 54 32

Mean (SD) 239 (102) 795 (297) 670 (192) 467 (127) 398 (168) 358 (150) 206 (214)

Median 240 782 686 666 367 318 186

Lower and upper 5% 228, 251 740, 851 634, 706 431, 563 346, 441 304, 413 148, 263

Minimum, maximum 257, 1,762 382, 1,100 172, 1,172 170, 715 178, 745 92, 800

% of measurements >300 ng/dL 30 98 98 80 74 59 20

Time is categorized by month (e.g., 1–30 days = 1 month, �151 days = 6 months)
SD = standard deviation
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than 300 ng/dL favored the implantations with 10
or more pellets. Supraphysiologic testosterone
levels were uncommon at all levels. Serum test-
osterone concentrations over time for the study
subjects receiving six to seven, eight to nine, or
�10 pellets are shown in Figure 2.

Differences between total serum testosterone in
the �10 pellet group and the other groups were
significant in the second month after implantation
(P < 0.001). There were no significant differences
in testosterone levels between subjects receiving six
to seven or eight to nine pellets at any time point.
Statistical comparison between groups was of ques-
tionable value as there was no standardization of
criteria for treatment, interval of determination of
postimplantation testosterone measurements, and
low number of patients in the six to seven pellet
group.

Investigator-reported adverse events comprised
four extrusions and three hematomas occurring
early in the experience. Other adverse events,
which were mild to moderate in nature and tran-
sient in duration, included pain, tenderness,
redness/erythema, and ecchymosis at the implan-
tation site. No patients required analgesics.

Discussion

This observational study demonstrates the safety
and efficacy of testosterone pellets as experienced
in multiple clinical practices. Mean serum test-
osterone was maintained at a therapeutic level
(�300 ng/dL) for 4 months following implanta-

tion, regardless of pellet number (six or seven,
eight or nine, or �10 pellets). Higher pellet
numbers were associated with higher short-term
testosterone levels and with maintenance of test-
osterone levels in the therapeutic range for longer
periods of time. Peak mean testosterone levels
were observed 1 month following implantation.
These results are consistent with a recent pro-
spective study of testosterone pellets conducted in
28 men with TDS. In this prospective study,
mean testosterone remained above 300 ng/dL for
at least 12 weeks, and 86% of subjects had test-
osterone >315 ng/dL 16 weeks following implan-
tation. The small number of patients limited the
analysis of testosterone levels by the number of
pellets. We were able to show the effect of
increasing the number of pellets per implantation
on serum testosterone levels. Peak mean test-
osterone levels in our study occurred 1 month
following implantation and increased with
increasing pellet number.

The stratification of patients as a function of the
number of pellets (six or seven, eight or nine, or
�10) implanted was based on the clinical practice
of the various investigators, unlike the Kaminetsky
study where the dosing of testosterone was based
on body mass index (BMI). The choice of dose for
any individual patient was based on the observed
responses that each investigator had experienced
when using testosterone pellets in previous
patients, which was different for each investigator.

These data suggest that testosterone pellets
provide an effective approach for treating TDS.

Figure 2 Testosterone Levels (ng/dl)
by days from Implant. (A) 6–7 pellets.
(B) 8–9 pellets. (C) 10 or more pellets.
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Unlike other testosterone formulations that
require more frequent administration, testoster-
one pellets may have a compliance advantage
because it is administered only three times per
year. Improved compliance rates remain to be
investigated.

The testosterone pellets used are the only
long-acting testosterone formulation approved by
the FDA available to men in the United States
with TDS. A study comparing testosterone pellets
with a long-acting injectable formulation of test-
osterone undecanoate (not available in the United
States) found that over the short term of the study
(54 weeks), subjects preferred the injectable for-
mulation, due largely to ease of administration. It
should be noted that the testosterone pellets used
in that study were different from those used in
our study. The product used is marketed only in
Europe and Australia. The pellets are larger
(8 ¥ 15 mm vs. 3 ¥ 8 mm), are stored surrounded
by wool or cotton material in a glass ampule,
require a larger insertion trochar, and are associ-
ated with a higher rate of extrusion (8–12%) and
infection [15,24]. Patient preferences may be dif-
ferent with the testosterone pellets used in our
study, which has been shown to have a lower inci-
dence of extrusion and infection than the histori-
cal data for other testosterone pellets. With the
need for intramuscular (IM) injection of testoster-
one in 4 cm3 of castor oil every 10–12 weeks,
long-term (greater than 1 year) patient prefer-
ences might be different.

A weakness of this study is that it is a retrospec-
tive analysis of data from multiple clinical practices,
and complete data are not available for every
patient. While this is not unexpected given the
design of the study, it makes it more difficult to
provide a comprehensive analysis of patients’ expe-
riences. Additionally, as a retrospective study, the
clinical laboratory values used in this analysis were
obtained from a variety of clinical labs due to varia-
tions in patients’ insurance providers, as is common.
The potential for interlaboratory variability in tes-
tosterone measurements between patients, or for
patients who had their baseline and follow-up test-
osterone assessments conducted by different labo-
ratories, may impact the results reported here.
Similarly, lack of standardization of selection crite-
ria for the treatment of TDS, insertion techniques,
and assessment periods make it somewhat more dif-
ficult to analyze data from multiple clinical prac-
tices. The strength of the study lies in the large
number of patients and testosterone determinations
and its reflection on general urological practice.

Despite these limitations, this study is the
largest analysis of the safety and efficacy of test-
osterone pellets reported to date. Comprising data
from 380 subjects, 702 implantation procedures,
and nearly 2,000 individual testosterone measure-
ments, this larger data set continues to support the
efficacy of testosterone pellets and expands our
understanding of testosterone pellets in clinical
practice. Moreover, these results reflect the test-
osterone pellet experience in actual clinical prac-
tice, which may provide a more realistic
perspective than data from highly controlled clini-
cal trials. The data presented allow the clinician a
better understanding of postimplantation serum
testosterone level decay with differing doses of
testosterone pellets.

Conclusions

These data expand the understanding and experien-
tial base related to the use of testosterone pellets in
clinical practice. The investigator-reported extru-
sion rate was well below that previously reported,
<1% (4/702). Implantation of six to �10 pellets
resulted in therapeutic testosterone levels (>300 ng/
dL) for 4 months (95% CI 336, 426), with implan-
tation of a higher number of pellets (e.g., 10–12
pellets) achieved more consistent and sustained
short- and long-term results compared with six to
nine pellets. These data represent the largest analysis
of testosterone levels after testosterone pellet inser-
tions to date and support the efficacy of this test-
osterone formulation for the treatment of TDS.

Acknowledgments

We thank our staff members for their dedication to
patient care and assistance in data collection for this
study. We also thank Marijke H. Adams, PharmD, PhD,
and Stephanie Seiler for their assistance in manuscript
preparation, which was funded by Slate Pharmaceuticals
Inc.

Corresponding Author: Andrew McCullough, MD,
FACS, Director of Men’s Health—Albany Medical
College, Albany, NY 12208, USA. Tel: 518-262-3341;
Fax: 518-262-6660; E-mail: amccullough@
communitycare.com

Conflict of Interest:
Andrew McCullough
Slate Pharmaceuticals—consultant, PI
Pfizer: DSMB
Auxillium: Investigator
Abraham Morgentaler, MD

Multi-Institutional Study of Testosterone Pellets 599

J Sex Med 2012;9:594–601



Disclosures:
Slate Pharmaceuticals—consultant, PI
Auxillium—PI, speaker w/ honoraria
Abbott—advisory board
Endo—advisory board
GSK—research funding
Wayne J.G. Hellstrom,
Disclosures:
American Medical Systems—Consultant or Advisor
Auxilium—Meeting Participant or Lecturer, Consult-

ant or Advisor, Investigator
Boehringer/Ingelheim—Consultant, Advisor
Coloplast—Consultant or Advisor, Investigator
Endo—Consultant or Advisor, Investigator
GSK/Schering Plough/Bayer—Consultant or Advisor,

Meeting Participant or Lecturer, Scientific Study or
Trial

Johnson & Johnson—Consultant or Advisor, Meeting
Participant or Lecturer, Investigator

Medtronic—Consultant or Advisor, Investigator,
Meeting Participant or Lecturer

NIH—Board Member, Officer, Trustee
Sanofi-Aventis—Consultant, Lecturer, Investigator
Shionogi—Investigator, Consultant or Advisor
Slate—Pharmaceutical—Lecturer, Advisor
Solvay—Meeting Participant or Lecturer, Consultant

or Advisor
Theralogix—Board Member, Officer, Trustee
VIVUS—Advisor/Consultant, Investigator
Mohit Khera, MD, MBA, MPH
Disclosures:
Auxilium—speaker, research support
Boehringer/Ingelheim—speaker
Slate—speaker, consultant
Allergan—research support
Irwin Goldstein, MD
Disclosures:
Consultant—Alagin Research, Fabre Kramer,

Medtronic, Slate, Trimel, Vivus
Advisory Board—Auxilium, Neocutis, Nexmed
Speaker—Abbott, Auxilium, Coloplast, Eli Lilly
Research—Astellas, Auxilium, BioSante, Endoceutics,

G & H Brands, GSK, Medtronic, Palatin
Laurence A. Levine, MD
Disclosures:
Consultant—Slate, Auxilium, Coloplast, American

Medical Systems (AMS)
Speaker—Auxilium, Coloplast, AMS, Astellas, Lilly
Clinical trials—Auxilium

Statement of Authorship

Category 1

(a) Conception and Design
Andrew R. McCullough; Mohit Khera; Irwin
Goldstein; Wayne J.G. Hellstrom; Abraham
Morgentaler; Laurence A. Levine

(b) Acquisition of Data
Andrew R. McCullough; Mohit Khera; Irwin
Goldstein; Wayne J.G. Hellstrom; Abraham
Morgentaler; Laurence A. Levine

(c) Analysis and Interpretation of Data

Category 2

(a) Drafting the Article
Andrew R. McCullough; Mohit Khera; Irwin Gold-
stein; Wayne J.G. Hellstrom; Abraham Morgen-
taler; Laurence A. Levine

(b) Revising It for Intellectual Content
Andrew R. McCullough; Mohit Khera; Irwin
Goldstein; Wayne J.G. Hellstrom; Abraham
Morgentaler; Laurence A. Levine

Category 3

(a) Final Approval of the Completed Article
Andrew R. McCullough; Mohit Khera; Irwin Gold-
stein; Wayne J.G. Hellstrom; Abraham Morgen-
taler; Laurence A. Levine

References

1 Bhasin S, Cunningham GR, Hayes FJ, Matsumoto AM,
Snyder PJ, Swerdloff RS, Montori VM; Task Force, Endocrine
Society. Testosterone therapy in men with androgen deficiency
syndromes: An Endocrine Society clinical practice guideline. J
Clin Endocrinol Metab 2010;95:2536–59.

2 Wang C, Nieschlag E, Swerdloff RS, Behre H, Hellstrom WJ,
Gooren LJ, Kaufman JM, Legros JJ, Lunenfeld B, Morales A,
Morley JE, Schulman C, Thompson IM, Weidner W, Wu FC.
ISA, ISSAM, EAU, EAA and ASA recommendations: Investi-
gation, treatment and monitoring of late-onset hypogonadism
in males. Aging Male 2009;12:5–12.

3 Edelstein D, Sivanandy M, Shahani S, Basaria S. The latest
options and future agents for treating male hypogonadism.
Expert Opin Pharmacother 2007;8:2991–3008.

4 Harman SM, Metter EJ, Tobin JD, Pearson J, Blackman MR.
Longitudinal effects of aging on serum total and free testoster-
one levels in healthy men. Baltimore longitudinal study of
aging. J Clin Endocrinol Metab 2001;86:724–31.

5 Morley JE, Kaiser FE, Perry HM, 3rd, Patrick P, Morley PM,
Stauber PM, Vellas B, Baumgartner RN, Garry PJ. Longitu-
dinal changes in testosterone, luteinizing hormone, and
follicle-stimulating hormone in healthy older men. Metabo-
lism 1997;46:410–3.

6 Mulligan T, Frick MF, Zuraw QC, Stemhagen A, McWhirter
C. Prevalence of hypogonadism in males aged at least 45 years:
The HIM study. Int J Clin Pract 2006;60:762–9.

7 Bhasin S, Bremner WJ. Clinical review 85: Emerging issues in
androgen replacement therapy. J Clin Endocrinol Metab
1997;82:3–8.

8 Korbonits M, Slawik M, Cullen D, Ross RJ, Stalla G,
Schneider H, Reincke M, Bouloux PM, Grossman AB. A com-
parison of a novel testosterone bioadhesive buccal system,
striant, with a testosterone adhesive patch in hypogonadal
males. J Clin Endocrinol Metab 2004;89:2039–43.

9 Wang C, Swerdloff R, Kipnes M, Matsumoto AM, Dobs AS,
Cunningham G, Katznelson L, Weber TJ, Friedman TC,
Snyder P, Levine HL. New testosterone buccal system
(Striant) delivers physiological testosterone levels: Pharmaco-
kinetics study in hypogonadal men. J Clin Endocrinol Metab
2004;89:3821–9.

600 McCullough et al.

J Sex Med 2012;9:594–601



10 Bhasin S, Storer TW, Berman N, Yarasheski KE, Clevenger B,
Phillips J, Lee WP, Bunnell TJ, Casaburi R. Testosterone
replacement increases fat-free mass and muscle size in hypogo-
nadal men. J Clin Endocrinol Metab 1997;82:407–13.

11 Corona G, Rastrelli G, Vignozzi L, Mannucci E, Maggi M.
Testosterone, cardiovascular disease and the metabolic syn-
drome. Best Pract Res Clin Endocrinol Metab 2011;25:337–
53.

12 Giltay EJ, Tishova YA, Mskhalaya GJ, Gooren LJ, Saad F,
Kalinchenko SY. Effects of testosterone supplementation on
depressive symptoms and sexual dysfunction in hypogonadal
men with the metabolic syndrome. J Sex Med 2010;7:2572–82.

13 Permpongkosol S, Tantirangsee N, Ratana-olarn K. Treat-
ment of 161 men with symptomatic late onset hypogonadism
with long-acting parenteral testosterone undecanoate: Effects
on body composition, lipids, and psychosexual complaints. J
Sex Med 2010;7:3765–74.

14 Wang C, Alexander G, Berman N, Salehian B, Davidson T,
McDonald V, Steiner B, Hull L, Callegari C, Swerdloff RS.
Testosterone replacement therapy improves mood in hypogo-
nadal men—A clinical research center study. J Clin Endocrinol
Metab 1996;81:3578–83.

15 Cavender RK, Fairall M. Subcutaneous testosterone pellet
implant (testopel) therapy for men with testosterone deficiency
syndrome: A single-site retrospective safety analysis. J Sex Med
2009;6:3177–92.

16 Jockenhovel F, Vogel E, Kreutzer M, Reinhardt W, Lederbo-
gen S, Reinwein D. Pharmacokinetics and pharmacodynamics
of subcutaneous testosterone implants in hypogonadal men.
Clin Endocrinol (Oxf) 1996;45:61–71.

17 Kaminetsky JC, Moclair B, Hemani M, Sand M. A phase IV
prospective evaluation of the safety and efficacy of extended

release testosterone pellets for the treatment of male hypogo-
nadism. J Sex Med 2011;8:1186–96.

18 Handelsman DJ, Mackey MA, Howe C, Turner L, Conway AJ.
An analysis of testosterone implants for androgen replacement
therapy. Clin Endocrinol (Oxf) 1997;47:311–6.

19 Kelleher S, Conway AJ, Handelsman DJ. Influence of implan-
tation site and track geometry on the extrusion rate and phar-
macology of testosterone implants. Clin Endocrinol (Oxf)
2001;55:531–6.

20 Kelleher S, Conway AJ, Handelsman DJ. A randomised con-
trolled clinical trial of antibiotic impregnation of testosterone
pellet implants to reduce extrusion rate. Eur J Endocrinol
2002;146:513–8.

21 Kelleher S, Howe C, Conway AJ, Handelsman DJ. Testoster-
one release rate and duration of action of testosterone pellet
implants. Clin Endocrinol (Oxf) 2004;60:420–8.

22 Kelleher S, Turner L, Howe C, Conway AJ, Handelsman DJ.
Extrusion of testosterone pellets: A randomized controlled
clinical study. Clin Endocrinol (Oxf) 1999;51:469–71.

23 Gooren LJ. New long-acting androgens. World J Urol
2003;21:306–10.

24 Fennell C, Sartorius G, Ly LP, Turner L, Liu PY, Conway AJ,
Handelsman DJ. Randomized cross-over clinical trial of inject-
able vs. implantable depot testosterone for maintenance of
testosterone replacement therapy in androgen deficient men.
Clin Endocrinol (Oxf) 2010;73:102–9.

25 Conway AJ, Boylan LM, Howe C, Ross G, Handelsman DJ.
Randomized clinical trial of testosterone replacement therapy
in hypogonadal men. Int J Androl 1988;11:247–64.

26 Cantrill JA, Dewis P, Large DM, Newman M, Anderson DC.
Which testosterone replacement therapy? Clin Endocrinol
(Oxf) 1984;21:97–107.

Multi-Institutional Study of Testosterone Pellets 601

J Sex Med 2012;9:594–601


