Therapeutic Class Review™"
Hormones — Topical/Buccal Testosterone Replacement Products

March 2005
New Product for Review Dossier Provided by Manufacturer:
testosterone gel 1% (AndroGel®) [Unimed/Solvay] Dossier: yes Quality of Dossier: 2
testosterone gel 1% (Testim™) [Auxilium] Dossier: yes Quality of Dossier: 2
testosterone transdermal system (Androderm®) [Watson] Dossier: requested -- Not received
testosterone buccal system (Striant®) [Columbia] Dossier: requested -- Not received

Dossier Ranking:

1- Low quality (dossier w/missing components)

2 - Medium quality (all components, except pharmacoeconomic model)
3 - High quality (all components, well done)

Executive Summary

The American Association of Clinical Endocrinologists hypogonadism guidelines recommend maintaining
serum testosterone within the physiological limits during testosterone replacement therapy (TRT).

All testosterone analogues, such as gels, transdermal patches or buccal adhesive tablets, can rapidly restore and
maintain serum testosterone levels within the recommended physiological limits. However, TRT with
intramuscular injections is associated with abnormal fluctuations in serum testosterone.

TRT increases the lean muscle mass, muscle strength, bone mineral density, and improves certain sexual
parameters in hypogonadal men. However, there are no long-term, placebo controlled clinical trials to
determine the medical value and the potential risks of TRT.

All testosterone products cause varying degrees of polycythemia, prostate enlargement and elevate the prostate
specific antigen. However, there is no evidence that TRT using any delivery system increases the incidence of
adverse health outcomes in hypogonadal men.

Testosterone transdermal patches cause more skin reactions then gel formulations. Testosterone gels carry
minimal risk of virilization of a female partner through dermal transfer. However, some patients do not prefer
the musky odor of testosterone gel 1% (Testim). The buccal adhesive testosterone tablets (Striant) often
dislodge and are swallowed. These tablets also cause gum irritation and have bitter taste; its long-term effects
on oral mucosa is unknown.

AndroGel, Testim, Androderm, and Striant have similar clinical efficacy. However, there is no evidence that
these new products offer any superior clinical benefit over injectable testosterone products.

Decision
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Maintain AndroGel, Testim, Androderm and Striant as non-formulary/non-preferred because:
e There is no evidence that TRT provides an overall medical value in health outcomes.

e These products do not offer superior clinical benefits over injectable testosterone products.

. Products

Drug Product Date of FDA Approved Dose Potential Off-Label Use(s)

FDA Indication(s) Route

Approval
testosterone 1% 02/28/2000 = All products listed in this table Transdermal = To improve muscle strength,
gel (AndroGel®) are indicated for testosterone mobility and quality of life in
i [1.2]
testosterone 1% 10/31/2002 relpla?ement(;[_ht_erapy n aqmt q Transdermal elderly.
gel (Testim®), males for conditions associate To treat refractory depression.
with a deficiency or absence of ) . 5
testosterone 09/29/1995 endogenous testosterone: Transdermal = To improve cognitive function.
transdermal 2.5 : : To increase bone mineral density
and 5mg patches 1) Prlmarv'hvpoqonaqwm . in elderly.® 7
(congenital or acquired): Yy

(Androderm®) testicular failure due to To improve angina threshold.
testosterone 06/19/2003 cryptorchidism, bilateral Buccal
buccal 30 mg torsion, orchitis, vanishing
tablet (Striant®) testis syndrome, orchiectomy,

Klinefelter's syndrome,
chemotherapy, or toxic
damage from alcohol or
heavy metals. These men
usually have low serum
testosterone levels and
gonadotropins (FSH, LH)
above the normal range.

2) Hypogonadotropic
hypogonadism (congenital or
acquired): idiopathic
gonadotropin or luteinizing
hormone-releasing hormone
(LHRH) deficiency or
pituitary-hypothalamic injury
from tumors, trauma, or
radiation. These men have
low testosterone serum levels
but have gonadotropins in the
normal or low range.

Page 2 of 5
© 2004. RegenceRx. All rights reserved.



References

1.

10.

11.

12.

13.

14.

Ly LP, Jimenez M, Zhuang TN, Celermajer DS, Conway AJ, Handelsman DJ. A double blind, placebo-
controlled, randomized clinical trial of transdermal dihydrotestosterone gel on muscular strength, mobility,
and quality of life in older men with partial androgen deficiency. J Clin Endocrinol Metab 2001;86:4078-88.

Snyder PJ, Peachey H, Hannoush P, Berlin JA, Loh L, Lenrow DA, Holmes JH, Dlewati A, Santanna J,
Rosen CJ, Strom BL. Effect of testosterone treatment on body composition and muscle strength in men over
65 years of age. J Clin Endocrinol Metab 1999;84:2647-53.

Pope HG Jr., Cohane GH, Kanayama G, Siegel AJ, Hudson JI. Testosterone gel supplementation for men
with refractory depression: a randomized, placebo-controlled trial. Am J Psychiatry 2003;160:105-11.

Carnahan RM, Perry PJ. Depression in aging men: the role of testosterone. Drugs Aging 2004;21:361-76.

Kenny AM, Bellantonio S, Gruman CA, Acosta RD, Prestwood KM. Effects of transdermal testosterone on
cognitive function and health perception in older men with low bioavailable testosterone levels. J Gerontol A
Biol Sci Med Sci 2002;57:M321-5.

Kenny AM, Prestwood KM, Gruman CA, Marcello KM, Raisz LG. Effects of transdermal testosterone on
bone and muscle in older men with low bioavailable testosterone levels. J Gerontol A Biol Sci Med Sci
2001;56:M266-72.

Snyder PJ, Peachey H, Hannoush P, Berlin JA, Loh L, Holmes JH, Dlewati A, Staley J, Santanna J, Kapoor
SC, Attie MF, Haddad JG Jr., Strom BL. Effect of testosterone treatment on bone mineral density in men over
65 years of age. J Clin Endocrinol Metab 1999;84:1966-72.

English KM, Steeds RP, Jones TH, Diver MJ, Channer KS. Low-dose transdermal testosterone therapy
improves angina threshold in men with chronic stable angina: A randomized, double blind, placebo-controlled
study. Circulation 2000;102:1906-11.

Dobs AS, Meikle AW, Arver S, Sanders SW, Caramelli KE, Mazer NA. Pharmacokinetics, efficacy, and
safety of a permeation-enhanced testosterone transdermal system in comparison with bi-weekly injections of
testosterone enanthate for the treatment of hypogonadal men. J Clin Endocrinol Metab 1999;84:3469-78.

Bhasin S, Storer TW, Asbel-Sethi N, Kilbourne A, Hays R, Sinha-Hikim 1, et al. Effects of testosterone
replacement with a nongenital, transdermal system, Androderm, in human immunodeficiency virus-infected
men with low testosterone levels. J Clin Endocrinol Metab. 1998;83:3155-62.

Arver S, Dobs AS, Meikle AW, Allen RP, Sanders SW, Mazer NA. Improvement of sexual function in
testosterone deficient men treated forl-year with a permeation enhanced testosterone transdermal system. J
Urol 1996;155:1604-1608.

Wang C, Swedloff RS, Iranmanesh A, Dobs A, Snyder PJ, Cunningham G, et al. Transdermal testosterone gel
improves sexual function, mood, muscle strength, and body composition parameters in hypogonadal men.
Testosterone Gel Study Group. J Clin Endocrinol Metab 2000;85:2839-53.

Wang C, Cunningham G, Dobs A, Iranmanesh A, Matsumoto AM, Snyder PJ, et al. Long-term testosterone
gel (AndroGel) treatment maintains beneficial effects on sexual function and mood, lean and fat mass, and
bone mineral density in hypogonadal men. J Clin Endocrinol Metab 2004;89:2085-98.

Steidle C, Schwartz S, Jacoby K, Sebree T, Smith T, Bachand R (North American AA2500 T Gel Study
Group). AA2500 testosterone gel normalizes androgen levels in aging males with improvements in body
composition and sexual function. J Clin Endocrinol Metab 2003;88:2673-81.

Page 3 of 5
© 2004. RegenceRx. All rights reserved.



15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31,

McNicholas TA, Dean JD, Mulder H, Carnegie C, Jones NA. A novel testosterone gel formulation normalizes
androgen levels in hypogonadal men, with improvements in body composition and sexual function. BJU
International 2003;91:69-74.

Korbonits M, Slawik M, Cullen D, Ross RJ, Stalla G, Schneider H, et al. A comparison of a novel
testosterone bioadhesive buccal system, striant, with a testosterone adhesive patch in hypogonadal males. J
Clin Endocrinol Metab. 2004;89:2039-43.

Dobs AS, Hoover DR, Chen MC, Allen R. Pharmacokinetic characteristics, efficacy, and safety of buccal
testosterone in hypogonadal males: a pilot study. J Clin Endocrinol Metab 1998;83:33-9.

Swerdloff RS, Wang C, Cunningham G, Dobs A, Iranmanesh A, Matsumoto AM, et al. Long-term
pharmacokinetics of transdermal testosterone gel in hypogonadal men. J Clin Endocrinol Metab
2000;82:4500-10.

Wang C, Berman N, Longstreth JA, Chuapoco B, Hull L, Steiner B, et al. Pharmacokinetics of transdermal
testosterone gel in hypogonadal men: application of gel at one site versus four sites: a General Clinical
Research Center Study. J Clin Endocrinol Metab 2000;85:964-9.

Rolf C, Knie U, Lemmnitz G, Nieschlag E. Interpersonal testosterone transfer after topical application of a
newly developed testosterone gel preparation. Clin Endocrinol (Oxford) 2002;56:637-41.

Dobs AS, Matsumoto AM, Wang C, Kipnes MS. Short-term pharmacokinetic comparison of a novel
testosterone buccal system and a testosterone gel in testosterone deficient men. Curr Med Res Opin
2004;20:729-38.

Testosterone and aging: Clinical research directions. Institute of Medicine of the National Academies.
Washington, DC: The National Academies Press, Nov. 12, 2003.

Jain P, Rademaker AW, McVary KT. Testosterone supplementation for erectile dysfunction: results of a
meta-analysis. J Urol 2000;164:371-5.

Shaneyfelt T, Husein R, Bubley G, Mantzoros CS. Hormonal predictors of prostate cancer: a meta-analysis. J
Clin Oncol 2000;18:847-53.

American Association of Clinical Endocrinologists Medical Guidelines for Clinical Practice for the evaluation
and treatment of hypogonadism in adult male patients-2002 update. Endocrine Practice 2002;8(6):439-456
(http://www.aace.com/clin/guidelines/hypogonadism.pdf)

Hengge UR. Testosterone replacement for hypogonadism: clinical findings and best practices. AIDS Read
2003;13(12 Suppl):S15-21.

Alexandersen P, Christiansen C. The aging male: testosterone deficiency and testosterone replacement. An
up-date. Atherosclerosis 2004;173:157-69.

Testosterone and aging: Clinical Research Directions. Institute of Medicine.
http://www.iom.edu/Object.File/Master/16/440/0.pdf

Liverman CT, Blazer DG, eds. Testosterone and aging: clinical research directions/Committee on Assessing
the Need for Clinical Trials of Testosterone Replacement Therapy, Board on Health Sciences Policy, Institute
of Medicine of the National Academies. Washington, DC: National Academies Press, 2004:1-240.

Vermeulen A, Kaufman JM. Ageing of the hypothalamo-pituitary-testicular axis in men. Horm Res
1995;43:25-8.

Lund BC, BeverStille KA, Perry P. Testosterone and andropause: The feasibility of testosterone replacement
therapy in elderly men. Pharmacotherapy 1999;19:951-956.

Page 4 of 5
© 2004. RegenceRx. All rights reserved.



32.

33.

34.

35.

36.

37.

38.

39.

40.

Liu PY, Swerdloff RS, Veldhuis J D. The Rationale, Efficacy and Safety of Androgen Therapy in Older Men:
Future Research and Current Practice Recommendations. J Clin Endocrinol Metab 2004;89: 4789-4796.

Shames DA, Schaeffer EM, Walsh PC, Redmond G, Harris RM, Morgentaler A, Rhoden EL Risks of
Testosterone Replacement. New England J Med 2004;350: 2004-2006.

Testosterone gel 1% (AndroGel®). FDA approved prescribing information, November 2004:
http://www.fda.gov/cder/foi/label/2004/21015s0121bl.pdf

Testosterone transdermal system (Androderm®). Prescribing information, June 2001.:
http://pi.androderm.com/data_stream.asp?product_group=4&p=pi&top=0 (unofficial Pl from Watson:
http://www.androderm.com )

Testosterone gel 1% (Testim™). FDA approved prescribing information, October 2002:
http://www.fda.gov/cder/foi/label/2002/214541bl.pdf

Testosterone buccal system (Striant®). FDA approved prescribing information, November 2004:
http://www.fda.gov/cder/foi/label/2004/21543s0021bl.pdf

Hirsch MS. AndroGel® NDA 21-015. Medical Review. Center for Drug Evaluation and Research.
http://www.fda.gov/cder/foi/nda/2000/21-015_AndroGel_Medr.pdf

Hyman F. Testosterone buccal system (Striant®). Medical review. Center for Drug Evaluation and Research.
http://www.fda.gov/cder/foi/nda/2003/21-543 Striant Medr.pdf

Welch M. Testosterone buccal system (Striant®). Statistical review. Center for Drug Evaluation and
Research. http://www.fda.gov/cder/foi/nda/2003/21-543 Striant_Statr.pdf

Page 5 of 5
© 2004. RegenceRx. All rights reserved.



