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	Objectives: 
Primary Objective
The primary objective of this study was to determine the efficacy of oral testosterone undecanoate (TU) in hypogonadal men for androgen replacement therapy following approximately 12 weeks (i.e., ~90 days) of continuous therapy by identifying:
· The percentages of treated subjects that had 24-hour serum testosterone (T) average concentrations (Cavg) between 300 and 1000 ng/dL; and
· The percentages of treated subjects that had maximum serum T concentration (Cmax) values that were (a) less than or equal to 1500 ng/dL, (b) greater than 1500 and less than or equal to 1800 ng/dL, (c) greater than 1800 and less than or equal to 2500 ng/dL, and (d) greater than 2500 ng/dL.

Secondary Objectives
The secondary objectives of this study were the following:
· To assess the effectiveness of dose titration at steady-state, if needed, based upon a single serum T sample obtained at 4-6 hours post AM dose.
· To confirm efficacy (i.e., consistency of serum T pharmacokinetics [PK]) of the Oral TU product for up to ~365 days of continuous therapy.
· To define the safety profile of the Oral TU product for up to ~365 days of continuous therapy compared with transdermal T-gel based on:
· clinical chemistry and hematology - specifically lipids and hemoglobin (Hb)/hematocrit (Hct)
· cardiovascular biomarkers (CV biomarkers) (non-inferiority analyses) between the two groups as defined in the Statistical Analysis Plan for lipoprotein-associated phospholipase A2 
(Lp-PLA2) and high sensitivity C-reactive protein (hs-CRP) 
· prostate volume
· To determine the effect of the Oral TU product compared with transdermal T-gel on:
· lean body mass and bone density
· sexual function parameters (sexual desire, sexual enjoyment, sexual performance, sexual activity, and positive and negative sexual moods)
· general well-being

Exploratory Objectives
The following were determined in the overall study population for assessment of the comparative effects between the two arms:
· [bookmark: _GoBack]changes in levels of lipoprotein(a) (Lp[a]) and apolipoprotein A1 (ApoA1)
· relatedness of changes to relevant hematology and lipid parameters and CV biomarkers to both T Cmax of > 1500 ng/dL and Cavg of > 1000 ng/dL
· relatedness of adverse events (AEs) and serious adverse events (SAEs) to a T Cmax > 1500 ng/dL

In addition to the above, a sub-study was conducted comprised of a total of approximately 60 subjects (≈30 in each treatment arm) where additional novel CV biomarkers were assessed.  Differences between baseline and Day 365, as well as trends during the study were evaluated:  
· on cholesterol efflux (in vitro macrophage model)
· on high-density lipoprotein (HDL) particle number and composition
· on other CV biomarkers including: serum phospholipase A2 (sPLA2), oxidized phospholipids (PC ox-PL), immunoglobulin G (IgG) and immunoglobulin M (IgM) apolipoprotein B1 (ApoB1) immune complexes, and IgG and IgM antibodies to malonyaldehyde oxidized low-density lipoprotein (LDL), and LDL fractionation for total and small LDL particle concentration and phenotype (by ion mobility). 


	Methodology: 
This was a randomized, open-label, 2-arm, active controlled, 12-month study of Oral TU that planned to enroll ≈ 300 hypogonadal men (≈ 150/group) at multiple study sites. Incorporated in the design was dose titration based on serum T concentration assessed 4-6 hrs post AM dose.  Following a 2-visit screening period during which a serum T concentration was measured, eligible subjects were randomized to either Oral TU (Group A) or transdermal T-gel (Group B) for dosing during Treatment Period 1 (Days 0 to 42).  Group A was initially dosed with 400 mg T daily (two 100 mg capsules, orally, twice a day [BID]), and Group B was initially dosed with 5 g of transdermal 1% T-gel applied once daily to clean, dry intact skin of the shoulders and upper arms and/or abdomen. 

On Day 30 (± 3 days), 4-6 hours after the morning dose, serum T sampling was done.  Based on the T concentration in this sample, the need for dose titration was determined.  If required, dose titration occurred on Day 42 (± 3 days) for Treatment Period 2 (Days 42 to 90).  

Those subjects whose dose was titrated on Day 42 were re-evaluated on Day 60 (± 3 days), with dose adjustments made as necessary on Day 74 (± 3 days). 

Serum T sampling was performed on Day 90 (± 3 days), or for Oral TU subjects who had dose titration on Day 74, on Day 105 (± 3 days).  If the serum T level was > 1800 ng/dL, the sample was repeated; subjects were to be discontinued if the second assayed T concentration was > 1800 ng/dL.   

An additional dose titration rule applied for Day 180 through end of study and was applicable only to subjects whose Day 180 visit and/or Day 270 visit occurred after the approval of Protocol Amendment #5.  Based on the 4-6 hour post AM dose sample collected on Days 180 and 270, subjects with serum T > 1500 ng/dL underwent a repeat analysis and dose adjustments were made.  Subjects whose dose was already at 100 mg T BID and who had a confirmed 4-6 hour serum T level of > 1500 ng/dL on two determinations following either Day 180 or 270 were discontinued.

Subjects were confined to the clinical facility for the serial PK sampling on Day 90 or 105 from at least 
one hour before dosing and until after collection of the final blood sample (i.e., 24 hours after the AM dose).  On Days 30 and 365 (± 3 days), they were confined for serial PK sampling from at least one hour before dosing until after collection of the final blood sample 12 hours after the AM dose.

Other study procedures included Transrectal Prostate Ultrasound (TRUS), a psychosexual questionnaire (completed daily for the 7 days preceding a visit), dual-energy x-ray absorptiometry (DEXA) scan for body composition and bone mineral density, and the Short Form Health Survey Version 36 (SF-36).

Safety measures included physical examination, vital signs, fasting laboratory analysis (hematology, chemistry, urinalysis), CV biomarker monitoring [hs-CRP, Lp-PLA2, Lp(a), and ApoA1], measurement of sex hormone binding globulin (SHBG); luteinizing hormone (LH), follicle-stimulating hormone (FSH); prostate specific antigen (PSA), and the American Urological Association/International Prostate Symptom Score (AUA/I-PSS).

	Number of Subjects: 
A total of 325 subjects were enrolled and randomized in this study (intent-to-treat [ITT] population): four subjects did not receive study treatment, leaving 321 subjects who received study treatment and were included in the safety population.  Of these subjects, 315 were included in the PK population analysis set and 146 were included in the efficacy analysis set (Oral TU group only).   


	Diagnosis and Main Criteria for Inclusion: 
Inclusion Criteria:
Subjects were required to meet the following criteria in order to be eligible for the study:
1.	Were male, 18 to 75 years of age, inclusive, with hypogonadism as defined by a total serum T of 
≤ 300 ng/dL, collected in the morning before 10:00 AM on 2 occasions within 2 weeks (on separate days).
2.	Had adequate venous access in the left or right arm to allow collection of a number of blood samples via a venous cannula.
3.	Were naïve to androgen-replacement therapy (or washout required), willing to temporarily cease current T treatment, or were not taking T treatment in order to participate in the study.  Subjects were required to remain off all forms of T except for study medication throughout the entire study.
4.	If on replacement therapy for hypopituitarism or multiple endocrine deficiencies, the subject was required to be on stable doses of thyroid hormone and adrenal replacement hormones for at least 14 days prior to enrollment.
5.	Voluntarily gave written informed consent to participate in this study.
Exclusion Criteria:
Subjects meeting any of the following criteria were not eligible for participation in this study:
1.	Oral, topical (e.g., gel or patch) or buccal T therapy within the previous one week, or intramuscular T injection of short acting duration within the previous 4 weeks.  Subjects previously on long-acting intramuscular T injection (i.e., TU) were eligible for participation in the study so long as they had been off the treatment for a sufficient amount of time to meet the inclusion criteria of serum T < 300 ng/dL.
2.	Significant intercurrent disease of any type, in particular liver, kidney, uncontrolled or poorly controlled heart disease including hypertension, congestive heart failure (CHF), or coronary artery disease, or psychiatric illness.
3.	Subjects with recent (within three months) history of stroke, not including transient ischemic attack.
4.	Untreated, severe obstructive sleep apnea.
5.	Serum transaminases > 2 times upper limit of normal (ULN), serum bilirubin > 2.0 mg/dL and serum creatinine > 2.0 mg/dL. 
6.	Hematocrit less than 35%.
7.	Known clinical polycythaemia or Hct greater than 48%.
8.	Diabetic subjects with a glycosylated hemoglobin (HbA1c) > 9%.
9.	Body mass index (BMI) > 38.
10.	Stable doses of lipid-lowering medication for less than three months.  
11.	Stable doses of oral medication for diabetes for less than two months.
12.	Abnormal prostate digital rectal examination (DRE) (palpable nodule[s]), elevated PSA (serum PSA
 > 4 ng/mL), AUA/I-PSS score ≥ 19 points (as described in the study protocol), and/or history of prostate cancer.  
13.	History of breast cancer.
14.	History of abnormal bleeding tendencies or thrombophlebitis unrelated to venipuncture or intravenous cannulation within the previous two years.
15.	Use of dietary supplement saw palmetto or phytoestrogens and use of any dietary supplements that may increase serum T, such as androstenedione or dehydroepiandrosterone, within the previous four weeks.
16.	Known malabsorption syndrome and/or current treatment with oral lipase inhibitors (e.g., orlistat [Xenical]) and bile acid-binding resins (e.g., cholestyramine [Questran], colestipol [Colestid]).
17.	Smokers who were unable to refrain from smoking during the confinement periods as required by the individual study site.
18.	History of abuse of alcohol (i.e., > 21 drinks/week) or any drug substance within the previous two years.
19.	Poor compliers or those unlikely to keep clinic appointments.
20.	Receipt of any drug as part of a research study within 30 days of initial dose administration in this study.
21.	Blood donation (usually 550 mL) within the 12-week period before the initial study dose.
22.	Current use of antiandrogens, estrogens, potent oral CYP3A4 inducers (e.g., barbiturates, glucocorticoids [pharmacologic doses of glucocorticoids for replacement therapy were not exclusionary]) and potent CYP3A4 inhibitors (e.g., human immunodeficiency virus antivirals [indinavir, nelfinavir, ritonavir, saquinavir, delaviridine], amiodarone, ciprofloxacin, ketoconazole). (Note: Short-term ciprofloxacin administration completed more than seven days prior to study visits was not exclusionary during the study.)

	Test Product: Testosterone undecanoate (TU)
Dose: Total daily dose of T equivalents = 200 mg to 600 mg 
Mode of Administration: Oral; All pre-dose meals provided to subjects during confinement at the clinical study facility consisted of a “regular diet” for all treatment periods of the study.  On Days 30, 90 or 105, and 365, study medication was administered 30 minutes after initiation of the meal (i.e., not after fasting).  Prior to discharge from the clinical facility, subjects in the Oral TU group were instructed/reminded to take all oral doses of TU with food, up to 30 minutes after initiation of a dose-related meal.  Subjects randomized to Oral TU were asked not to consume grapefruit, grapefruit juice, or grapefruit supplements throughout the study.
Batch number(s): 100 mg bottle: 1077192, 1132167, 1229306; 150 mg bottle: 1077193, 1131846, 1077193 

	Duration of Treatment: up to 365 days

	Reference Product: Transdermal T-gel (1%)
Dose: Total daily dose of T = 25 to 100 mg
Mode of Administration: Topical
Batch number(s): 5g box: 32182, 32231, 80539A; 2.5g box: 32223, 32255, 32373, 80453A

	Criteria for Evaluation:

	Efficacy endpoint(s)
The primary efficacy endpoint of the study was to determine the efficacy of Oral TU in hypogonadal men following approximately 12 weeks (i.e., Day 90 or 105, [± 3 days]) of continuous therapy by identifying: 

· The proportion (%) of subjects whose Cavg based on the 24-hour PK sampling on Day 90 or 
105 (± 3 days) were in the categories: (a) less than 300 ng/dL, (b) between 300 and 1000 ng/dL, and (c) greater than 1000 ng/dL.  In addition, the 95% confidence interval (CI) for the proportion (%) of subjects whose Cavg was between 300-1000 ng/dL was determined.
· The proportion (%) of subjects and (95% CI) whose Cmax, based on the 24-hour combined AM and PM PK sampling on Days 90 or 105 (± 3 days), was: (a) less than or equal to 1500 ng/dL, (b) greater than 1500 and less than or equal to 1800 ng/dL, (c) greater than 1800 and less than or equal to 2500 ng/dL, and (d) greater than 2500 ng/dL.

If at least 75% of the subjects’ Cavg were between 300 and 1000 ng/dL (normal range) and the lower limit of a 95% CI on the percentage of subjects in the normal range was not below 65%, then clinical efficacy was to be deemed to have been demonstrated.

The secondary efficacy endpoint was based on the serum T PK evaluation (e.g., Cavg) during the course of the trial through approximately 365 days of continuous therapy.  Pharmacokinetic analysis was provided by a PK expert and results were provided in a pharmacokinetics report.  

	Safety endpoint(s)
The primary safety endpoint was non-inferiority analyses for hs-CRP and Lp-PLA2.  Safety analyses also included the following:
· A repeated measure analysis of variance (ANOVA) for Lp(a), ApoA1, hs-CRP and Lp-PLA2.
· Correlation for all safety parameters that were most clinically relevant (Hct, lipid parameters, 
hs-CRP, Lp-PLA2, PSA prostate volume, and AUA/I-PSS, by treatment group to exposure to high T levels defined as T Cmax of > 1500 ng/dL and Cavg of > 1000 ng/dL with data at any sampling time from Day 90 forward).  
· Determination of relatedness of AEs and SAEs to a T Cmax > 1500 ng/dL.
· Analysis of differences between treatment arms on other exploratory safety biomarker analysis in a sub-study of 57 subjects.  Biomarkers included additional inflammatory biomarkers, atherogenic lipid particles, immune response to atherogenic components of LDL along with cholesterol efflux and HDL particle number and sub-fractions.
Exploratory endpoint 
· Determination or whether T or its primary metabolites such as dihydrotestosterone (DHT) and estradiol (E2) were the primary drivers of change (if any) in Hct, HDL, PSA, prostate volume, hs-CRP, and Lp-PLA2.

Extent of exposure to treatment was defined as the total number of days a subject took the study drug (last dose date – first dose date +1).  

	Pharmacokinetics endpoint(s)
Pharmacokinetic analysis was provided by a PK expert and results were provided in a pharmacokinetics report.  PK parameters included:
· Pharmacokinetic parameters Cmax, time to maximum concentration (Tmax), area under the curve (AUC[0-12]) and Cavg of serum T, free T, E2, and DHT, analyzed for the AM dose at Visit 2 (Day 30 ± 3 days), for both the AM and PM doses at Visit 4 (Day 90 or 105, ± 3 days), and for the AM dose at Visit 7 (Day 365 ± 7 days).
· Pharmacokinetic parameters AUC(0-24) and Cavg for the entire 24-hour period for serum free T, E2, FSH, LH, and DHT, analyzed on Visit 4 (Day 90 or 105, ± 3 days).
· Ratio of DHT/T, calculated for each interval where serial PK sampling was scheduled (Visit 2, Visit 4, and Visit 7), as the ratio of the AUC for DHT to the AUC for serum Total T. 

	Statistical Methods: 
All analyses were presented by treatment group (Oral TU and transdermal T-gel).  Continuous data were summarized using descriptive statistics (n, mean, standard deviation [Std], median, minimum, and maximum).  If relevant, 95% CIs were provided.  Categorical data were described using frequencies and percentages, with percentages based on the frequencies of subjects in the analysis set for whom there were non-missing data, unless otherwise specified.  For the non-inferiority analysis, 1-sided hypothesis tests at the 0.05 level of significance were used; other analyses (including efficacy analyses) were performed using 
2-sided hypothesis tests at the 0.05 level of significance.  All data were presented in by-subject listings.  Data that were only listed (not summarized) were specified in the analysis section.  Counts of “missing” were to be presented on the tables if at least 1 treatment group had missing data.

For purposes of calculating study day, days on study, etc., the day of the first dose of study drug was designated as study Day 1.  Study day was calculated as [date of event – date of first dose of study drug + 1].  For the purpose of converting days to years or months, one year = 365.25 days, and one month = 30.44 days.

Unless otherwise stated, missing data were not imputed.  Partial dates recorded on the electronic case report form (eCRF) (e.g., missing day or missing day and month), were not to be imputed unless specified otherwise.  Only actual measurements obtained at each study visit will be used to summarize efficacy and safety results.  

The baseline value for safety analyses was defined as the last non-missing measurement obtained prior to the first dose of study drug.  For efficacy analyses, the baseline was the average of all pre-treatment samples collected on Day 0 and/or Day 1.

Nominal study visits (days or months relative to Baseline) were used to summarize data.  Ranges for study day intervals (“windows”) were not used to re-assign visit numbers in relation to the start of therapy.

There were no planned analyses by center.
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	SUMMARY OF RESULTS

	Disposition of Subjects/ Demographics
A total of 325 subjects were enrolled and randomized in this study (ITT population): four subjects did not receive study treatment, leaving 321 subjects who received study treatment and were included in safety population.  Of these subjects, 315 were included in the PK population analysis set and 146 were included in the efficacy analysis set (Oral TU group only).  A total of 300 subjects completed the treatment period from Day 0 to Day 90 while 262 subjects completed the safety follow-up and entire study.  The most common reasons for study discontinuation prior to completion of the overall study period were withdrawal of consent (27 subjects, 8.3%), lost to follow-up (12 subjects, 3.7%), and AEs (11 subjects, 3.4%).  The number of subjects who completed the overall study were similar between the Oral TU and transdermal T-gel group (129 [79.6%] and 133 [81.6%], respectively).  A slightly higher percentage of subjects in the Oral TU group discontinued the study due to AEs (4.3%) than in the transdermal T-gel group (2.5%).   

The mean age (Std) and BMI (Std) of the safety population was 54.9 (11.10) years and 29.95 (3.927), respectively.  Overall, 269 subjects (83.8%) were white, and 287 subjects (89.4%) were not Hispanic or Latino.  A total of 118 subjects (36.8%) were pre-diabetic, 63 subjects (19.6%) were diabetic, 142 subjects (44.2%) were hypertensive, and 140 subjects (43.6%) were taking a lipid-lowering agent.  The two treatment groups were balanced at baseline. 

Concomitant Medications
At least 1 concomitant medication was taken by 83.3% of subjects in the Oral TU group and by 89.0% of subjects in the transdermal T-gel group.  The most frequently used concomitant medications by class were lipid-modifying agents (43.2%, 70/162 Oral TU; 47.9%, 78/163 transdermal T-gel), agents acting on the renin-angiotensin system (33.3%, 54/162 Oral TU; 36.2%, 59/163 transdermal T-gel), vitamins (34.0%, 55/162 Oral TU; 28.8%, 47/163 transdermal T-gel), and analgesics (29.6%, 48/162 Oral TU; 29.4%, 48/163 transdermal T-gel).  

Treatment Compliance
Treatment compliance was high with the mean (Std) percentages of compliance for subjects in the overall study for the Oral TU and transdermal T-gel group being 94.64% (17.33) and 92.02% (12.779), respectively.  The mean (Std) average total daily doses taken in the overall study for the Oral TU and transdermal T-gel groups were 350.47 (96.149) mg/day and 5.60 (1.562) grams/day, respectively.

	Efficacy Results
Psychosexual Questionnaire Data of Sexual Desire, Sexual Enjoyment With and Without a Partner, Sexual Activity Score, Sexual Performance for Experience an Erection (Satisfaction with Erection Duration and Percent Full Erection), and Positive and Negative Sexual Mood
Psychosexual questionnaire data was compared for change from baseline for all study visits between the Oral TU and transdermal T-gel group.  There were no statistically significant differences between Oral TU and transdermal T-gel for any of the psychosexual questionnaire parameters.   

Short Form Health Survey-36
Well-being questionnaire data for physical functioning, role limitations due to physical problems and emotional problems, social functioning, mental health, energy/vitality, bodily pain, and general health perception were summarized and compared between the Oral TU and transdermal T-gel group.  There were statistically significant differences between the Oral TU and transdermal T-gel group, in favor of Oral TU, for the following well-being (SF-36) questionnaire parameters: physical functioning (p = 0.0334), role limitations due to physical and emotional problems (p  = 0.0068 and 0.0018, respectively), social functioning (p = 0.0260), and energy/vitality (p = 0.0108).  There were no statistically significant differences between the Oral TU and transdermal T-gel group for any of the other SF-36 questionnaire parameters.     

Bone Mineral Density and Total Body Composition
Dual-energy x-ray absorptiometry (DEXA) scans were performed at baseline and Visits 5, 7, and early withdrawal.  At German study sites, DEXA scans were only obtained at Visit 1 and Visit 7.  There were no statistically significant differences between the Oral TU and transdermal T-gel group for spine bone mineral density (p = 0.6002).  There were statistically significant differences between the Oral TU and transdermal T-gel group, with the Oral TU group having a greater increase in hip bone density (p = 0.0019) and lean mass (p < 0.0001), and greater loss of fat mass (p = 0.0056) compared with transdermal T-gel. These difference are not only statistically significant but also, clinically meaningful.  During the course of the study, for the Oral TU group, the lean mass increased by 3.158 kg (2.6969) from a baseline of 59.431 kg (7.7731), and the fat mass decreased by 2.404 kg (3.6444) from a baseline of 30.972 kg (9.0418).   

	Pharmacokinetic Results
The results from this study support the following PK efficacy conclusions:
· The efficacy objective of the study was met by achieving a serum total T Cavg in the eugonadal range in 83.6% of the Oral TU-treated subjects.  The lower limit of the 95% CI was 76.5%.  The success rate validated the proposed titration scheme as an effective means of controlling Cavg concentrations by adjusting the administered dose based on the total T concentration in a single, status indicating blood sample collected 4-6 hours post dose.
· The safety-related objective of avoiding a significant number of Cmax concentrations in excess of 1500 ng/mL was not met.  Approximately 40% of the Oral TU-treated subjects had Cmax values in excess of a 1500 ng/dL threshold, instead of the 15% or fewer that was targeted.  The titration scheme for adjusting the administered dose based on the serum T concentration in the status sample collected 4-6 hours post dose was not validated as an adequately effective protocol to control Cmax. 
· High Cmax concentrations following Oral TU appeared to be an infrequent occurrence in most subjects, and the detection of one event was not a strong indicator that a similar event would be detected at a subsequent clinic visit.  When high Cmax values did occur, they generally remained in that range for only a small fraction of a dosing interval.
· The titration process was demonstrated to be an effective means of controlling systemic exposures to total T, although the designation of the appropriate limits for dose adjustment, and the timing of collection of the monitoring sample need additional optimization.  Testosterone concentrations responded in a dose proportional manner to dosage adjustments.
· Maximum concentration (Cmax) and Cavg for total T following Oral TU administration were highly correlated with each other, and both correlated well with the concentration in the status sample collected 4-6 hours post dose.  Maximum concentration (Cmax) was approximately 2.5 x Cavg and approximately 2.3 x C4-6, while Cavg was approximately 0.87 x C4-6.  Time to maximum concentration (Tmax) occurred 3-6 hours post dose in approximately 75% of the subjects.
· The pharmacokinetics of Oral TU were stable over an extended time period (> 9 months) of chronic dosing.  Steady state exposures for the Oral TU treatment subjects did not change between Day 90 (after at least 1 month on the maintenance dose) and Day 365 (after at least 10 months on the maintenance dose). 
· The pharmacokinetics of total T were not dependent on age, race, ethnicity, or BMI.  A trend for lower body weight to correlate with higher T exposure following Oral TU dosing, while statistically significant, was not strong enough to be a helpful tool for selecting the appropriate Oral TU dose.  Titration to the proper Oral TU dose is required for all therapeutic candidates. 
· The fat content of the meal can affect the T oral bioavailability from Oral TU.  On average, the PM dose of Oral TU resulted in higher systemic exposures to T than did the AM dose, possibly because of likely fat content differences between a typical evening meal as compared to breakfast.  However, nearly half of the Oral TU subjects did not have higher exposures after the PM dose, and approximately 1/3 of subjects had systemic exposures following the AM and PM doses that were within ± 20% of each other.  The differences in AM and PM bioavailability were not considered clinically meaningful.
· Overall, the Oral TU formulation was an effective method for treating hypogonadal men, but the dose titration scheme, as employed in this study, requires adjustment in order to control both Cavg and Cmax.  The Cavg observed in Oral TU subjects was in the upper range of normal (628 ng/dL) and was closely correlated with the Cmax.  Thus, there is a high probability that a revised dose titration scheme can achieve a T Cavg still in the normal range, but with lower Cmax values.


	Safety Results 
Extent of Exposure
The mean (Std) total times of exposure in days for the Oral TU and transdermal T-gel group were 321.74 days (99.476) and 333.61 days (86.321), respectively.  

Summary of Treatment-Emergent Adverse Events
A total of 210 subjects (65.4%) had at least one TEAE.  The incidence of TEAEs was similar between the transdermal T-gel (62.5%, 100/160 subjects) and Oral TU (68.3%, 110/161 subjects) groups.  In total, 17 subjects (5.3%) had a serious TEAE.  A total of 13 subjects (4.0%) had a TEAE that led to study drug discontinuation; 8 subjects (5.0%) in the Oral TU group and 5 subjects (3.1%) in the transdermal T-gel group.  There were no reported TEAEs that led to death in either treatment group.

The most frequently reported classes of TEAEs for all subjects were infections and infestations (22.1%), gastrointestinal disorders (13.7%), reproductive system and breast disorders (10.9%), musculoskeletal and connective tissue disorders (10.6%), and investigations (10.3%).  The most frequently reported TEAEs across treatment groups were polycythaemia (5.9%), hypertension (5.3%), nasopharyngitis (5.3%), and upper respiratory tract infection (4.7%). 

The incidence of polycythaemia was higher in the Oral TU group (8.1%, 13/161) than the transdermal T-gel group (3.8%, 6/160).  The incidences of several gastrointestinal disorder AEs were higher with Oral TU than transdermal T-gel namely, diarrhea (5.6%, 9/161vs. 1.9%, 3/160), abdominal discomfort (3.1%, 5/161 vs. none), and eructation (2.5%, 4/161 vs. none).  The incidence of nausea was the same in both groups at 2.5% (4/161 Oral TU; 4/160 transdermal T-gel).  The incidence of peripheral edema was also higher in the oral TU group than the transdermal T-gel group (5.6%, 9/161 vs. 1.3%, 2/160).  Although the incidence of TEAE in the infections and infestations system organ class was similar between Oral TU and transdermal T-gel (24.2%, 39/161 vs. 20%, 32/160), the incidence of upper respiratory tract infection was somewhat higher in the Oral TU (6.8%, 11/161) group than the transdermal T-gel (2.5%, 4/160) group.  Acne and hypertension incidences were more common in the transdermal T-gel group than the Oral TU group, with the incidences of acne being 2.5% (4/160) and 0.6% (1/161), respectively, and the incidences of hypertension being 6.9% (11/160) and 3.7% ( 6/161), respectively.  The incidence of prostatomegaly was similar between the two groups (Oral TU = 5.6%, 9/161; transdermal T-gel = 3.1%, 5/160).

Treatment emergent adverse events were also analyzed by system organ class, preferred term, treatment group, and serum T Cmax levels in order to determine whether the TEAE was more frequently associated with an elevated Cmax level.  For all analyses, for Visits 2, 4, and 7, the Cmax was based on the 12- or 24-hr PK assessment performed during the visit, but for Visits 5 and 6, the Cmax category was estimated based on the measured C4-6 value.  It is important to note that when a subject had more than one AE of the same type, that count was added to the high Cmax box.  For AEs which occurred repeatedly in an individual, this could create the impression that the AE was frequently associated with a high Cmax.  Cmax also correlates with Cavg, so associations with high Cmax may just reflect associations with high T exposure.

A total of 50 subjects (45.5 %) in the Oral TU group and 14 subjects (14.0%) in the transdermal T-gel group had Cmax values > 1500 ng/dL.  Out of 13 total subjects who experienced polycythaemia in the Oral TU group, 6 subjects (46.2%) had Cmax values > 1500 ng/dL while only 1 subject (16.7%) in the transdermal 
T-gel group had a Cmax value > 1500 ng/dL.  Several TEAEs in the gastrointestinal disorder class for the Oral TU group occurred at a frequency of greater than 50% in subjects whose Cmax value was > 1500 ng/dL.  These included abdominal discomfort (80.0%, 4/5), diarrhea (55.6%, 5/9), and eructation (50.0%, 2/4).  No subjects in the transdermal T-gel group experienced abdominal discomfort or eructation and for the three subjects in the transdermal T-gel group that experienced diarrhea, none had a Cmax value that was 
> 1500 ng/dL.  Prostatomegaly occurred at a higher frequency in the Oral TU group compared with the transdermal T-gel group, for subjects whose Cmax value was > 1500 ng/dL (66.7%, 6/9 vs. 20.0%, 1/5, respectively).  In contrast, for subjects whose Cmax value was > 1500 ng/dL, hypertension occurred more frequently in the transdermal T-gel group compared with the Oral TU group (18.2%, 2/11 vs. none, respectively).


Summary of Related Treatment-Emergent Adverse Events
A total of 89 subjects (27.7%) had one or more related TEAEs considered possibly, probably, or definitely related to study drug.  The most frequently reported classes of related TEAEs for all subjects were reproductive system and breast disorders (6.9%, 22/321), investigations (5.9%, 19/321), blood and lymphatic system disorders (5.3%, 17/321), and gastrointestinal disorders (4.7%, 15/321).  The most frequently reported related TEAEs across treatment groups were polycythaemia (5.0%, 16/321), prostatomegaly (3.7%, 12/321), increase in PSA (3.4%, 11/321), diarrhea (1.6%, 5/321), and nipple pain (1.6%, 5/321).

The incidence of polycythaemia was higher in the Oral TU (6.8%, 11/161) group than the transdermal T-gel (3.1%, 5/160) group.  Prostatomegaly and diarrhea incidences were also more frequent in the Oral TU group (5.6%, 9/161 and 3.1%, 5/161, respectively) than the transdermal T-gel group (1.9%, 3/160 and none, respectively), while an increase in PSA occurred similarly in both groups (transdermal T-gel = 4.4%, 7/160; Oral TU = 2.5%, 4/161).  The incidence of nipple pain was similar between the two treatment groups (1.9%, 3/161 Oral TU group vs. 1.3%, 2/160 transdermal T-gel group).  Other related TEAEs of interest included gynaecomastia (0.6%, 1/161 Oral TU and 0.6%, 1/160 transdermal T-gel) and rash pustular (0.6%, 1/160 transdermal T-gel group only). 

Related TEAEs were also analyzed by system organ class, preferred term, treatment group, and serum T Cmax levels.  A total of 22 subjects (41.5%) in the Oral TU group and 3 subjects (8.3%) in the transdermal T-gel group had Cmax values > 1500 ng/dL.  Out of 11 total subjects who experienced polycythaemia in the Oral TU group, 5 subjects (45.5%) had Cmax values > 1500 ng/dL, while only 1 subject (20.0%) out of 5 in the transdermal T-gel group had a Cmax value > 1500 ng/dL.  Several related TEAEs of interest in the gastrointestinal disorder class for the Oral TU group occurred at a frequency of ≥ 50% in subjects whose Cmax value was > 1500 ng/dL.  These included abdominal discomfort (100.0%, 2/2), diarrhea (80.0%, 4/5), eructation (50.0%, 2/4), and vomiting (100.0%, 1/1).  None of these same TEAEs in the transdermal T-gel group were considered treatment-related.  For the Oral TU group, 50% of subjects (2/4) whose Cmax value was > 1500 ng/dL experienced an increase in PSA while no subjects who experienced an increase in PSA in the transdermal T-gel group had a Cmax value > 1500 ng/dL.  Prostatomegaly and nipple pain occurred at a higher frequency in the Oral TU group compared with the transdermal T-gel group, for subjects whose Cmax value was > 1500 ng/dL (prostatomegaly: 66.7%, 6/9 vs. 33.3%, 1/3, respectively; nipple pain: 33.3%, 1/3 vs. none, respectively).

Summary of Serious Treatment-Emergent Adverse Events
A total of 17 subjects (5.3%) reported a serious TEAE.  The numbers of subjects that experienced serious TEAEs were slightly higher in the Oral TU (6.8%, 11/161) group than the transdermal T-gel (3.8%, 6/160) group.  In total, there were 29 serious TEAEs reported, 20 in the Oral TU group and 9 in the transdermal 
T-gel group. 

The most frequently reported classes of serious TEAEs for all subjects were infections and infestations (1.9%), cardiac disorders (1.6%), and musculoskeletal and connective tissue disorders (1.2%).  Two subjects (1.2%) in the Oral TU group reported moderate or severe coronary artery disease that was not related or probably not related to study drug, respectively.  One of these subjects underwent a catheretization and stent placement on Day 3 of the study.  Two subjects (1.2%) in the Oral TU group reported experiencing a mild or severe acute myocardial infarction (MI).  One of these subjects had his MI in the setting of hospitalization for pneumonia.  Two subjects (1.3%) in the transdermal T‑gel group reported severe appendicitis.  One subject (0.6%) in the Oral TU group developed basal cell carcinoma and one subject (0.6%) in the transdermal T-gel group developed prostate cancer.

Serious treatment-emergent adverse events were also analyzed by system organ class, preferred term, treatment group, and serum T Cmax levels.  A total of 6 subjects (54.5%) in the Oral TU group and 1 subject (16.7%) in the transdermal T-gel group had Cmax values > 1500 ng/dL.  While the number of subjects was small (1 to 2 subjects), for the Oral TU group there were several serious TEAEs that occurred in subjects whose Cmax value was > 1500 ng/dL.  These included acute MI, pneumonia, hypoglycaemia, intervertebral disc degeneration, osteoarthritis, and epilepsy (100% for each).  In comparison, for the transdermal T-gel group, only coronary artery disease was experienced by a subject whose Cmax value was > 1500 ng/dL.

Adverse Events Causing Discontinuation of Study Drug
A total of 13 subjects (4.0%, 13/321) had a TEAE that led to study drug discontinuation.  Three subjects in the Oral TU group and one subject in the transdermal T-gel group had severe AEs that resulted in discontinuation of study drug.  All other AEs leading to study drug discontinuation were considered mild or moderate in severity.

Treatment-emergent adverse events leading to discontinuation were also analyzed by system organ class, preferred term, treatment group, and serum T Cmax levels.  Three subjects (37.5%, 3/8) on Oral TU had TEAEs (polycythaemia, acute MI, and hypoglycaemia) leading to discontinuation of study drug that were associated with a Cmax > 1500 ng/dL, while no subjects on transdermal T-gel had a TEAE that was associated with a Cmax > 1500 ng/dL and led to discontinuation of study drug.

Adverse Events Requiring Dose Adjustment or Study Drug Interruption
Two subjects in the Oral TU group and two subjects in the transdermal T-gel group had severe AEs that resulted in dose adjustment or study drug interruption.  These AEs were considered ‘definitely not related to study drug’.  Of interest were two subjects who experienced moderate polycythaemia at Visit 7 (Day 365) that were considered by the Investigator to be probably related to Oral TU.  Both subjects completed 
CLAR-09007 and did not continue in the extension study, therefore, resolution of these TEAEs is not available.  All other AEs that resulted in dose adjustment or study drug interruption were considered mild or moderate in severity.

Clinical Laboratory Evaluations
Clinical laboratory evaluations were taken at baseline and Visits 2, 4, 5, 6, 7, and early withdrawal.  For shift tables, the parameter of interest in subjects was scored at baseline as low, normal, or high and then again at Visits 2, 4, 5, 6, and 7.  Absolute change from baseline was compared between the Oral TU and transdermal T-gel group using a repeated measures ANOVA model. 

Parameter levels by treatment group were also analyzed with respect to Cmax and Cavg in order to estimate whether there was a differential association with a Cmax > 1500 ng/dL or a Cavg > 1000 ng/dL.  For all analyses, for Visits 2, 4, and 7, the Cmax or Cavg was based on the 12- or 24-hr PK assessment performed during the visit, but for Visits 5 and 6, the Cmax or Cavg category was estimated based on the measured C4-6 value.  

Due to outliers in the lipid and PSA data, the median values were used. 

Hematology-Hematocrit
Testosterone replacement therapy, regardless of delivery route, is associated with elevations in Hct.  Class labeling for TRT products recommends checking Hct prior to initiation of therapy and reevaluating the 
Hct 3-6 months after starting therapy and then annually. Clinical management of elevated Hct in response to Oral TU would be consistent with label guidance for currently approved TRT products.  

The mean (Std) baseline Hct for Oral TU was 44.112% (2.4957) which was similar to the transdermal T-gel group mean baseline Hct of 43.931% (2.5619).  These Hct values were within the normal range.  Change from baseline at Visit 4 (Day 90 or 105) was greater in the Oral TU group with an absolute mean increase of 2.127% (3.4056) compared with the transdermal T-gel group increase of 0.558% (2.7887).  At Visit 7 (Day 365), the absolute mean increase for Oral TU subjects was 2.920% (3.8773) compared with the transdermal T-gel increase of 1.356% (3.2708).  There was a statistically significant difference between the Oral TU and transdermal T-gel group (p < 0.0001), with the Oral TU group having a greater increase in Hct levels.  Even with the rise in Hct, the mean Hct levels at Visit 7 (Day 365) were within the normal range for both groups.  

If the Hct was persistently > 54% and the Investigator felt it was warranted, then the subject underwent phlebotomy or discontinued from the study.  The total number of subjects in the overall study with a confirmed Hct value > 54% for the Oral TU and transdermal T-gel groups was 4 (2.5%) and 1 (0.6%), respectively.  Four subjects on Oral TU underwent phlebotomy and four subjects on transdermal T-gel underwent phlebotomy.

For the Oral TU group, there was a general trend across all visits for subjects who were classified at baseline as having a normal Hct to change in Hct classification to high.  By Visit 7 (Day 365), 39% of Oral TU subjects who were classified as normal at baseline shifted to high while 22% of transdermal T-gel subjects shifted to high.

In order to assess whether subjects with high Cmax values (> 1500 ng/dL) had greater changes in Hcts, Hct was analyzed by treatment group and serum T Cmax levels.  There was not a consistent trend for an association of increase in Hct and Cmax levels for the subjects receiving Oral TU.  At Visit 4 (Day 90 or 105) the mean absolute increase of Hct was slightly greater in subjects whose serum T Cmax level was > 1500 ng/dL (mean difference [Std] 2.41 [4.134]) compared with subjects whose serum T Cmax ≤ 1500 ng/dL (1.92 [2.870]).  However, by Visit 7 (Day 365), this trend was not apparent as the increase in Hct in the subjects with Cmax > 1500 ng/dL of 3.04 (4.081) was essentially the same as in subjects with a serum T 
Cmax ≤ 1500 ng/dL, which was 2.88 (3.887). 

In order to assess whether subjects with high Cavg values (> 1000 ng/dL) had higher Hcts, Hct was analyzed by treatment group and serum T Cavg levels.  There were relatively few subjects with Cavg > 1000 ng/dL, so the generalizability of the analysis is somewhat limited.  For Oral TU subjects, there was not a consistent pattern during the course of the study.  At Visit 4 (Day 90 or 105), the mean absolute increase was 1.2% (5.10) for subjects with serum T Cavg > 1000 ng/dL compared with an increase of 2.2% (3.22) for subjects with serum T Cavg ≤ 1000 ng/dL.  At Visit 7 (Day 365), the changes from baseline were essentially the same regardless of the Cavg.

Liver and Renal Function
Liver function was assessed by measuring total bilirubin, ALP, ALT, and AST levels.  The majority of changes experienced by subjects were not considered clinically significant.  However, one subject’s 
(104-008, Oral TU group) ALT and AST levels at Visit 6 were approximately 2.5- and 3.4-fold higher than the ULN, respectively.  These changes were considered clinically significant.  Bilirubin concentration remained in the normal range at 0.4 mg/dL.  A repeat analysis was performed in between Visit 6 and Visit 7 which showed that both ALT and AST levels had decreased to approximately 1.1-fold above the ULN and these changes were no longer considered clinically significant.  By Visit 7, ALT and AST levels had risen again to 1.8- and 2.6-fold above the ULN, respectively, but these changes were not considered clinically significant.  Throughout this period, bilirubin remained in the normal range.

The majority of subjects did not experience any changes in renal function.  There were three subjects on Oral TU and two on transdermal T-gel who had increases in creatinine levels that were considered clinically significant.  In no cases did the creatinine rise to > 2.0 mg/dL nor rise more than 0.5 mg/dL.

Biochemistry-Triglycerides
Testosterone replacement therapy is associated with changes in the lipid profiles which include triglyceride (TG) levels.  The median baseline TG for Oral TU was 137.500 mg/dL which was lower than the transdermal T-gel group mean baseline TG of 144.000 mg/dL (laboratory reference range is < 199 mg/dL).  Change from baseline at Visit 4 (Day 90 or 105) was similar between the two groups with the Oral TU group having an absolute median decrease of 16.000 mg/dL compared with the transdermal T-gel group decrease of 15.000 mg/dL.  By Visit 7 (Day 365), the median TG for Oral TU was identical to baseline (137.500 mg/dL) with an absolute median decrease for Oral TU subjects of 7.000 mg/dL.  For transdermal T-gel, the median TG was 147.000 mg/dL with an absolute median change of 0.000 mg/dL.  The median TG levels at Visit 7 (Day 365) remained within the normal range.  Differences between the Oral TU and transdermal T-gel group were not statistically significant (p = 0.5790).

In order to assess whether subjects on Oral TU with high Cmax values (> 1500 ng/dL) had greater changes in TG, TG were analyzed by treatment group and serum T Cmax levels.  For Oral TU subjects up to Visit 4 (Day 90 or 105), the median absolute change from baseline of TG was similar in subjects whose serum T Cmax level was > 1500 ng/dL compared with subjects whose serum T Cmax ≤ 1500 ng/dL.  At Visit 4 (Day 90 or 105), the median absolute decrease was 17.0 mg/dL for subjects with serum T Cmax > 1500 ng/dL compared with the decrease of 16.0 mg/dL for subjects with serum T Cmax ≤ 1500 ng/dL.  At Visit 7 (Day 365), the median absolute decrease was 2.0 mg/dL for subjects with serum T Cmax > 1500 ng/dL compared with the decrease of 8.0 mg/dL for subjects with serum T Cmax ≤ 1500 ng/dL.

In order to assess whether subjects with high Cavg values (> 1000 ng/dL) had greater changes in TG, TG were analyzed by treatment group and serum T Cavg levels.  There were relatively few subjects with Cavg greater than 1000 ng/dL (Oral TU range of number of subjects = 14 [Visit 4] to four subjects [Visit 7] and transdermal T-gel range of number of subjects = three [Visit 4] to zero [Visit 7] subjects) which limits the generalizability of the analysis.  At Visit 4 (Day 90 or 105), the median absolute decrease was 17.0 mg/dL for subjects with serum T Cavg > 1000 ng/dL compared with the decrease of 16.0 mg/dL for subjects with serum T Cavg ≤ 1000 ng/dL.  At Visit 7 (Day 365), the median absolute increase was 42.5 mg/dL for subjects with serum T Cavg > 1000 ng/dL compared with the decrease of 6.5 mg/dL for subjects with serum T Cavg ≤ 1000 ng/dL.  There were no apparent trends as the median absolute change from baseline varied considerably across the two groups.

The TG shift table revealed similar trends for the Oral TU and transdermal T-gel group.  By Visit 7 (Day 365), 40.5% of Oral TU subjects who were classified as high at baseline shifted to normal while 35.1% of transdermal T-gel subjects shifted to normal.

Biochemistry-Total Cholesterol, HDL, and LDL
Testosterone replacement therapy is known to alter lipid profiles – particularly HDL.  In previous studies, Oral TU has been shown to decrease HDL levels.  However, the duration of previous studies was too short to assess longer-term effects of Oral TU on HDL levels.  

The median baseline total cholesterol for Oral TU was 181.000 mg/dL which was identical to the transdermal T-gel group median baseline total cholesterol.  Baseline values were below the laboratory reference range of < 200 mg/dL.  There was a decrease from baseline in total cholesterol levels with TRT, with the median decrease at Visit 4 (Day 90 or 105) somewhat greater in the Oral TU group (18.500 mg/dL) than the transdermal T-gel group (10.000 mg/dL).  This somewhat greater decrease persisted at Visit 7 (Day 365) with the decrease in the Oral TU group (14.000 mg/dL) greater than the transdermal T-gel group 
(8.000 mg/dL).  Differences between the Oral TU and transdermal T-gel group were not statistically significant (p = 0.1714).

There was no obvious association between subjects who had larger changes in total cholesterol and high Cmax values (> 1500 ng/dL).  For Oral TU subjects, the median absolute change from baseline of total cholesterol was similar in subjects whose serum T Cmax level was > 1500 ng/dL compared with subjects whose serum T Cmax ≤ 1500 ng/dL.  At Visit 4 (Day 90 or 105), the median absolute decrease was 20.0 mg/dL for subjects with serum T Cmax > 1500 ng/dL compared with 17.5 mg/dL for subjects with serum T Cmax ≤ 1500 ng/dL.  At Visit 7 (Day 365) this trend continued with a decrease of 14.0 mg/dL in subjects with a serum T Cmax > 1500 ng/dL compared with a decrease of 13.0 mg/dL in subjects with serum T Cmax ≤ 1500 ng/dL.

In order to assess whether subjects with high Cavg values (> 1000 ng/dL) had greater changes in total cholesterol, total cholesterol was analyzed by treatment group and serum T Cavg levels.  There were relatively few subjects with Cavg greater than 1000 ng/dL, so the generalizability of the analysis is somewhat limited.  Except at Visit 2, for Oral TU subjects, the median absolute change from baseline of total cholesterol was greater in subjects whose serum T Cavg level was > 1000 ng/dL.  At Visit 4 (Day 90 or 105), the median absolute decrease was 25.0 mg/dL for subjects with serum T Cavg > 1000 ng/dL compared with a decrease of 18.0 mg/dL for subjects with serum T Cavg ≤ 1000 ng/dL.  At Visit 7 (Day 365), the median absolute decrease was 26.5 mg/dL for subjects with serum T Cavg > 1000 ng/dL compared with a decrease of 13.0 mg/dL for subjects with serum T Cavg ≤ 1000 ng/dL.

The median baseline HDL for Oral TU was 47.000 mg/dL which was similar to the transdermal T-gel group median baseline HDL of 48.000 mg/dL.  Baseline values were in the normal range which extends down to 40 mg/dL.  Change from baseline at Visit 4 (Day 90 or 105) was greater in the Oral TU group with an absolute median decrease of 11.500 mg/dL compared with the transdermal T-gel group decrease of 6.000 mg/dL.  This represented a 23.54% median decrease from baseline in the Oral TU group but only a 12.50% median decrease from baseline for the transdermal T-gel group.  This decrease in HDL presented as early as Visit 2 (Day 30), and persisted throughout the study.  At Visit 7 (Day 365), the absolute median decrease for Oral TU subjects was 11.000 mg/dL compared with the transdermal T-gel group decrease of 6.000 mg/dL, which represented a 25.00% median decrease in the Oral TU group and a 12.82% median decrease from baseline in the transdermal T-gel group.  There was a statistically significant difference between the Oral TU and transdermal T-gel group (p < 0.0001), with the Oral TU group having a greater decrease in HDL levels.  The HDL effects were explored further in the CV biomarker sub-study.

In order to assess whether subjects with high Cmax values (> 1500 ng/dL) had greater changes in HDL, HDL was analyzed by treatment group and serum T Cmax levels.  For Oral TU subjects, the median absolute change from baseline of HDL was similar in subjects whose serum T Cmax level was > 1500 ng/dL compared with subjects whose serum T Cmax ≤ 1500 ng/dL.  At Visit 4 (Day 90 or 105), the median absolute decrease was 12.0 mg/dL for subjects with serum T Cmax > 1500 ng/dL compared with a decrease of 11.5 mg/dL for subjects with serum T Cmax ≤ 1500 ng/dL.  At Visit 7 (Day 365) the median absolute decrease was 13.0 mg/dL for subjects with serum T Cmax > 1500 ng/dL compared with a decrease of 10.0 mg/dL for subjects with serum T Cmax ≤ 1500 ng/dL.

In order to assess whether subjects with high Cavg values (> 1000 ng/dL) had greater changes in HDL, HDL was analyzed by treatment group and serum T Cavg levels.  There were relatively few subjects with Cavg greater than 1000 ng/dL, so the generalizability of the analysis is somewhat limited.  For Oral TU subjects, the median absolute change from baseline of HDL was similar between the two groups.  At Visit 4 (Day 90 or 105), the median absolute decrease was 12.5 mg/dL for subjects with serum T Cavg > 1000 ng/dL compared to a decrease of 11.0 mg/dL for subjects with serum T Cavg ≤ 1000 ng/dL.  At Visit 7 (Day 365), the changes from baseline were essentially the same regardless of the Cavg.

The median baseline LDL for Oral TU was 102.000 mg/dL, which was identical to the transdermal T-gel group mean baseline LDL.  Baseline values for LDL were slightly above the laboratory reference range of ≥ 100 mg/dL.  The changes in LDL cholesterol during the study were very modest, with the absolute median decrease from baseline at Visit 4 (Day 90 or 105) being 4.000 mg/dL in the Oral TU group and 3.000 mg/dL in the transdermal T-gel group.  At Visit 7 (Day 365) the absolute median decrease for Oral TU subjects was 
2.000 mg/dL compared to the transdermal T-gel change of 0.000 mg/dL.  Differences between the Oral TU and transdermal T-gel group were not statistically significant (p = 0.6020).

In order to assess whether subjects with high Cmax values (> 1500 ng/dL) had greater changes in LDL, LDL was analyzed by treatment group and serum T Cmax levels.  For Oral TU subjects, except for Visit 7 (Day 365), the median absolute change from baseline of LDL was similar in subjects whose serum T Cmax level was > 1500 ng/dL compared to subjects whose serum T Cmax ≤ 1500 ng/dL.  At Visit 4 (Day 90 or 105), the median absolute decrease was 5.0 mg/dL for subjects with serum T Cmax > 1500 ng/dL compared to a decrease of 4.0 mg/dL for subjects with serum T Cmax ≤ 1500 ng/dL.  At Visit 7 (Day 365), the median absolute decrease was 10.0 mg/dL for subjects with serum T Cmax > 1500 ng/dL compared to a decrease of 1.0 mg/dL for subjects with serum T Cmax ≤ 1500 ng/dL.

In order to assess whether subjects with high Cavg values (> 1000 ng/dL) had greater changes in LDL, LDL was analyzed by treatment group and serum T Cavg levels.  There were relatively few subjects with Cavg greater than 1000 ng/dL, so the generalizability of the analysis is somewhat limited.  For Oral TU subjects, except at Visit 2, the median absolute decrease from baseline of LDL was greater in the > 1000 ng/dL group.  At Visit 4 (Day 90 or 105), the median absolute decrease was 9.5 mg/dL for subjects with serum T Cavg > 1000 ng/dL compared to a decrease of 4.0 mg/dL for subjects with serum T Cavg ≤ 1000 ng/dL.  At Visit 7 (Day 365), the median absolute decrease was 28.0 mg/dL for subjects with serum T Cavg > 1000 ng/dL compared to a decrease of 1.0 mg/dL for subjects with serum T Cavg ≤ 1000 ng/dL.  

For the Oral TU group, for total cholesterol and LDL, there was a general trend across all visits for subjects who were classified as normal at baseline to change to high or from high at baseline to normal.  By Visit 7 (Day 365), 33.3% of subjects who were classified as high total cholesterol at baseline shifted to normal while 47.4% of transdermal T-gel subjects shifted to normal.  By Visit 7 (Day 365), for LDL, 18.8% of subjects who were classified as high LDL at baseline shifted to normal while 26.7% of transdermal T-gel subjects shifted to normal.  For HDL, trends were similar between the Oral TU and transdermal T-gel groups with subjects changing from low to normal or from normal to low.  By Visit 7 (Day 365), 57.0% of subjects who were classified as normal HDL at baseline shifted to low while 31.7% of transdermal T-gel subjects shifted to low. 

Biochemistry-Testosterone-related analytes
In addition to evaluating the PK of circulating T, the PK of the circulating analytes of free T, DHT, E2, FSH, LH, and SHBG were evaluated.  In addition, the serum PK of the administered prodrug, TU, and another metabolic product, dihydrotestosterone undecanoate (DHTU), were evaluated in a subset of the subjects.  These results are summarized below:
· The rise and fall in DHT concentrations were slightly delayed relative to T concentrations, as expected for a metabolite.  DHT Cavg in Oral TU treated subjects averaged 150% of the ULN range for eugonadal men, whereas for transdermal T-gel subjects, the mean DHT Cavg was at or near the ULN range.  
· The range of DHT/T ratio values observed in Oral TU subjects was essentially identical to the range observed following application of transdermal T-gel.  The mean values for the two treatment groups were similar at approximately 0.2, the DHT/T ratio did not increase with increasing T concentration, and the mean ratio did not change from its early steady-state value over the remainder of the 12 month treatment period. 
· Mean free T concentrations were higher in the Oral TU treatment group than in the transdermal 
T-gel treatment group, but the mean free T Cavg value observed in both groups were within the normal range for free T for eugonadal men.  The free T/T ratio (free fraction) was constant over the range of T concentrations indicating that protein binding of T was concentration-independent over the clinically relevant range.
· The decline in SHBG concentrations following initiation of T replacement therapy was greater in the Oral TU treatment group than in the transdermal T-gel treatment group.  The differential response was maintained for the duration of the study, and was reflected in a larger treatment-related increase in free T concentrations in the Oral TU treatment group; however, free T concentrations remained in the normal range.  Mean SHBG concentrations remained in the normal range for SHBG in eugonadal men in both treatment groups.
· Testosterone replacement therapy resulted in an approximately 50% increase in mean E2 concentrations in both treatment groups, and that increase was maintained for the duration of the study.  Mean E2 Cavg values while on treatment were near the ULN range in both treatment groups on all PK clinic visits.  Estradiol concentrations were independent of the on-treatment T levels, not increasing more in subjects with the greater T responses. 
· Testosterone replacement therapy resulted in approximately 5-7 mIU/mL decreases in the FSH concentrations compared to pretreatment, and these decreases were maintained for the duration of the study.  There was almost no fluctuation in the FSH concentration over the course of a dosing interval for either treatment.  The mean FSH concentrations for both treatment groups remained within the normal range for men for the duration of the study.
· Testosterone replacement therapy resulted in approximately 2-4 mIU/mL decreases in the LH concentrations compared to pretreatment, and these decreases were maintained for the duration of the study.  There was almost no fluctuation in the LH concentration over the course of a dosing interval for either treatment.  The mean LH concentrations for both treatment groups remained within the normal range for men or very near the lower limit of the normal range for the duration of the study.
· The rise and fall in T concentrations were slightly delayed relative to TU concentrations, as expected for T being the metabolite of prodrug TU.  Serum TU concentrations showed no accumulation with twice daily oral dosing, the mean minimum concentration during the dosing interval being almost equivalent to the assay lower limit of quantitation (LLOQ) and averaging less than 2% of the peak concentration.  The metabolite-to-parent ratio in the serum (based on AUCs) on the Day 90 clinic visit was approximately 0.06.
· As expected for a metabolite, serum concentrations of DHTU increased less rapidly and peaked later than the concentrations of TU.  Like TU, DHTU showed no accumulation with twice daily dosing, the mean minimum concentration during the dosing interval being almost equivalent to the assay LLOQ and averaging less than 3% of the peak concentration.  The metabolite-to-parent ratio in the serum (based on AUCs) on the Day 90 clinic visit was approximately 0.7.
· Testosterone undecanoate concentrations in the T replacement subjects were substantially less (approximately 17-fold less) than TU concentrations achieved in a 13-week dog toxicology model. 
· Dihydrotestosterone undecanoate concentrations in the T replacement subjects were slightly less (approximately 10% less) than DHTU concentrations observed in a 13-week dog toxicology model.

Vital Signs
Vital signs were measured at baseline and at Visits 2 and 7 (check-in, 4 hrs. post AM dose and 12 hrs. post AM dose), Visit 4 (check-in and 4, 12, 16, and 24 hrs. post AM dose), and at Visits 6 and early withdrawal (once).  The measured values at baseline and at check-in for all visits were used for this comparison because these values were obtained at approximately the same time for all patients for any given visit (i.e., in the morning), thus providing a more valid comparison.  

Mean systolic and diastolic BP increased slightly from baseline during the course of the study in both the Oral TU group and the transdermal T-gel group.  Baseline BPs were similar in both groups with the mean (Std) systolic and diastolic pressures of 127.5 mmHg (12.24) and 78.8 mmHg (8.13), respectively in the Oral TU group and 128.1 mmHg (14.38) and 79.5 mmHg (8.97) in the transdermal T-gel group.  Thus based on the mean BPs, both groups were pre-hypertensive based on their systolic BP (normal < 120 mmHg, prehypertensive 120-139 mmHg) according to the JNC7 criteria, in spite of normal diastolic BP 
(< 80 mmHg).  During the course of the study, systolic BP rose slightly such that by Day 365 (Check-in) the systolic BPs were 132.6 and 130.0 mmHg for the Oral TU group and transdermal T-gel group, respectively; therefore, although the average systolic BP rose 2-5 mmHg, both groups stayed within the pre-hypertensive range.  The diastolic BPs also rose slightly during the course of the study, such that by Day 365 (Check-in) the diastolic BPs were 82.4 and 80.2 mmHg for the Oral TU group and transdermal T-gel group, respectively; therefore, the average diastolic BPs rose 1-4 mmHg, which also moved the diastolic BPs  into the pre-hypertensive range (80-89 mmHg).  It should be noted that having the baseline systolic BP in the pre-hypertensive range would classify the subject as pre-hypertensive, so the classification at Day 365 was not affected by the change in diastolic BP.  

For the Oral TU group, mean pulse (Std) increased from a mean baseline of 70.3 beats/min (11.72) (normal range = 60 beats/min to 100 beats/min) to a maximum of 71.6 beats/min (10.60 = Visit 2, 10.65 = Visit 4, 10.61 = Visit 7) (Visits 2, 4, and 7, check-in).  For the transdermal T-gel group, mean pulse (Std) increased from a mean baseline of 69.9 beats/min (10.90) to a maximum of 70.4 beats/min (11.04) (Visit 4, check-in).

Prostate Volume and American Urological Association/International Prostate Symptom Score
Testosterone replacement therapy may be associated with an increase in prostate size, particularly in hypogonadal men who have not been on TRT.  Labels for TRT products warn the prescriber to monitor patients with benign prostatic hyperplasia (BPH) for worsening of signs and symptoms of BPH.  Thus, this study evaluated the subjects’ BPH symptoms using the AUA/I-PSS, and evaluated prostate volume using TRUS.  

Scores obtained from the AUA/I-PSS fall into one of three categories: 1-7, mild; 8-19, moderate; and 20-35, severe.  Subjects at baseline fell within the mild category, with a mean (Std) baseline AUA/I-PSS for Oral TU of 5.8 (5.21) which was similar to the transdermal T-gel group mean AUA/I-PSS of 5.9 (4.81).  Treatment did not change the AUA/I-PSS category classification, nor did it have a substantial effect on the score.  Mean decrease from baseline at Visit 4 (Day 90 or 105) was similar between Oral TU and transdermal T-gel (0.1 [3.94] and 0.4 [3.64], respectively).  By Visit 7 (Day 365), mean scores had slightly increased with the mean change from baseline for Oral TU and transdermal T-gel being 0.5 (3.91) and 0.4 (4.32), respectively.  Differences between the Oral TU and transdermal T-gel group were not statistically significant (p = 0.3565).

In order to assess whether subjects with high Cmax values (> 1500 ng/dL) had a greater change in AUA/I-PSS, AUA/I-PSS was analyzed by treatment group and serum T Cmax levels.  For Oral TU subjects, the mean change from baseline of AUA/I-PSS was somewhat inconsistent between subjects whose serum T Cmax level was > 1500 ng/dL compared to subjects whose serum T Cmax ≤ 1500 ng/dL.  At Visit 4 (Day 90 or 105), the mean decrease was 0.4 (2.92) for subjects with serum T Cmax > 1500 ng/dL compared to no change for subjects with serum T Cmax ≤ 1500 ng/dL.  At Visit 7 (Day 365), the mean increase was 2.1 (3.52) for subjects with serum T Cmax > 1500 ng/dL compared to an increase of 0.3 (3.81) for subjects with serum T Cmax ≤ 1500 ng/dL.  At Visit 7 (Day 365) the mean AUA/I-PSS score in both the subjects who had a 
Cmax > 1500 ng/dL and those with a Cmax ≤ 1500 ng/dL was in the lowest tertile associated with mild symptoms.  

Similarly, in order to assess whether subjects with high Cavg values (> 1000 ng/dL) had a greater change in AUA/I-PSS, AUA/I-PSS was analyzed by treatment group and serum T Cavg levels.  There were relatively few subjects with Cavg > 1000 ng/dL, so the results are hard to generalize.  For Oral TU subjects, the mean change from baseline of AUA/I-PSS was similar in subjects whose serum T Cavg level was > 1000 ng/dL compared with subjects whose serum T Cavg level ≤ 1000 ng/dL group.  At Visit 4 (Day 90 or 105), the mean increase was 0.5 (2.03) for subjects with serum T Cavg > 1000 ng/dL compared to a decrease of 0.2 (4.00) for subjects with serum T Cavg ≤ 1000 ng/dL.  At Visit 7, the mean increase was 1.8 (1.26) for subjects with serum T Cavg > 1000 ng/dL compared to an increase of 0.5 (3.87) for subjects with serum T Cavg ≤ 1000 ng/dL.

The mean (Std) baseline prostate volume for Oral TU was 29.31 cc (14.201) which was similar to the transdermal T-gel group mean baseline prostate volume of 30.70 cc (25.520).  Mean increase from baseline at Visit 7 (Day 365) was similar between Oral TU and transdermal T-gel (2.97 cc [9.831] and 1.81 [26.400], respectively).  Differences between the Oral TU and transdermal T-gel group were not statistically significant (p = 0.6664).

In order to assess whether subjects with high Cmax values (> 1500 ng/dL) had greater increases in prostate volume, prostate volume and change in prostate volume was analyzed by treatment group and serum T Cmax levels.  For Oral TU subjects, the mean absolute change from baseline of prostate volume was similar in subjects whose serum T Cmax level was > 1500 ng/dL compared to subjects whose serum T Cmax 
≤ 1500 ng/dL.  At Visit 7 (Day 365), the mean absolute increase was 6.17 cc (7.620) for the 18 subjects with serum T Cmax > 1500 ng/dL compared to an increase of 2.66 cc (10.029) for the 89 subjects with serum T Cmax ≤ 1500 ng/dL.  

Finally, in order to assess whether subjects with high Cavg values (> 1000 ng/dL) had greater increases prostate volume, prostate volume was analyzed by treatment group and serum T Cavg levels.  There were relatively few subjects with Cavg greater than 1000 ng/dL, so the generalizability of the analysis is somewhat limited.  For Oral TU subjects, the mean absolute change from baseline of prostate volume was similar in subjects whose serum T Cavg level was > 1000 ng/dL compared to subjects whose serum T Cavg ≤ 1000 ng/dL.  At Visit 7 (Day 365), the mean absolute increase was 9.75 cc (12.396) for the 4 subjects with serum T Cavg > 1000 ng/dL compared to 3.00 cc (9.593) for the 103 subjects with serum T Cavg ≤ 1000 ng/dL.

Prostate Specific Antigen
Prostate specific antigen values are known to increase in hypogonadal men treated with TRT, and recently approved TRT labels recommend monitoring PSA.  An increase of > 1.4 ng/mL has been identified as a change that is clinically meaningful and deserves closer clinical attention.  

The median (Std) baseline PSA for Oral TU was 0.790 ng/mL which was similar to the transdermal T-gel group median baseline PSA of 0.760 ng/mL.  Baseline values were within the normal reference range of 
0 – 4.0 ng/mL.  Change from baseline at Visit 4 (Day 90 or 105) was similar between the Oral TU and transdermal T-gel group.  At Visit 4 (Day 90 or 105), the absolute median increase for Oral TU subjects was 0.210 ng/mL compared to the transdermal T-gel group increase of 0.070 ng/mL.  At Visit 7 (Day 365), the absolute median increase for Oral TU subjects was 0.150 ng/mL compared to transdermal T-gel group increase of 0.100 ng/mL.  These values were well below the clinically meaningful change of > 1.4 ng/mL and the median PSA levels at Visit 7 were within the normal range.  Differences between the Oral TU and transdermal T-gel group were not statistically significant (p = 0.1193).

In order to assess whether subjects with high Cmax values (> 1500 ng/dL) had greater increases in PSA, PSA was analyzed by treatment group and serum T Cmax levels.  For Oral TU subjects, the median change from baseline of PSA was similar in subjects whose serum T Cmax level was > 1500 ng/dL compared to subjects whose serum T Cmax ≤ 1500 ng/dL.  At Visit 4 (Day 90 or 105), the median increase was 0.230 ng/mL for subjects with serum T Cmax > 1500 ng/dL compared with an increase of 0.200 ng/mL  for subjects with serum T Cmax ≤ 1500 ng/dL.  At Visit 7 (Day 365), the median increase was 0.290 ng/mL for subjects with serum T Cmax > 1500 ng/dL compared to an increase of 0.120 ng/mL for subjects with serum T Cmax ≤ 1500 ng/dL.

In order to assess whether subjects with high Cavg values (> 1000 ng/dL) had greater increases in PSA, PSA was analyzed by treatment group and serum T Cavg levels.  There were relatively few subjects with Cavg > 1000 ng/dL, so the generalizability of the analysis is somewhat limited.  For Oral TU subjects, the median change from baseline of PSA was similar in subjects whose serum T Cavg level was > 1000 ng/dL compared with subjects whose serum T Cavg level ≤ 1000 ng/dL group.  At Visit 4 (Day 90 or 105), the median increase was 0.220 ng/mL for subjects with serum T Cavg > 1000 ng/dL compared to an increase of 0.200 ng/mL for subjects with serum T Cavg ≤ 1000 ng/dL.  At Visit 7 (Day 365), the median increase was 0.230 ng/mL for subjects with serum T Cavg > 1000 ng/dL compared with an increase of 0.150 ng/mL for subjects with serum T Cavg ≤ 1000 ng/dL.

For the Oral TU group and transdermal T-gel group, the total number of subjects with a confirmed change from baseline PSA value > 1.4 ng/mL were three and seven, respectively.  

Cardiovascular Biomarkers
High Sensitivity C-Reactive Protein
High sensitivity C-reactive protein is a strong independent predictor of CV disease risk.  However it is also an acute phase reactant and acutely increases in response to acute and chronic inflammatory conditions.  This is a recognized limitation to the use of this biomarker for CV risk stratification.  It is recommended that 
hs-CRP values > 10 mg/L be discarded in evaluating CV risk.  

In the CLAR-09007 SAP there was no stipulation for exclusion of hs-CRP values > 10 mg/L.  As a result, the inclusion of all data has a tail of very high values representing such conditions.  A post hoc analysis was performed in which values > 10 mg/L were excluded.

The hs-CRP data was analyzed in two fashions regarding change from baseline, the first with all subjects’ values and the second with the exclusion of values > 10 mg/L.  The p-value by repeat measure ANOVA for all subjects including those with concentrations > 10 mg/L was p = 0.2781; after exclusion of values > 10 mg/L, this difference remained not significant (p = 0.3837).  High sensitivity C-reactive protein risk classification is categorized in three tertiles, the low risk tertile being values < 1 mg/L, intermediate risk being 1-3 mg/L and high risk being values > 3 mg/L.  After exclusion of subjects with values > 10 mg/L, the slight increase in hs-CRP remained within the confines of the intermediate risk group (1-3 mg/L).

The mean (Std) baseline hs-CRP for Oral TU was 2.679 mg/L (5.4770) which was slightly lower than the transdermal T-gel group mean baseline hs-CRP of 3.715 mg/L (7.3515).  At Visit 4 (Day 90 or 105), the absolute mean increase for the Oral TU group was 0.397 mg/L (6.9512) compared to the transdermal T-gel group decrease of 0.662 mg/L (6.7688).  This trend continued at Visit 7 (Day 365).  At Visit 7 (Day 365) the absolute mean increase for Oral TU subjects was 0.201 mg/L (5.9627) compared with the transdermal T-gel decrease of 0.449 mg/L (12.0764).  The mean hs-CRP levels at Visit 7 were within the normal range.  Differences between the Oral TU and transdermal T-gel group were not statistically significant (p = 0.2781).  

After exclusion of subjects with values > 10 mg/L, the mean (Std) baseline hs-CRP for Oral TU was 1.729 mg/L (1.6124) which was lower than the transdermal T-gel group mean baseline hs-CRP of 2.201 mg/L (2.0351).  At Visit 4 (Day 90 or 105), the absolute mean decrease for the Oral TU group was 0.317 mg/L (5.5574) compared to the transdermal T-gel group decrease of 0.710 mg/L (4.0079).  This trend continued at Visit 7 (Day 365).  At Visit 7 (Day 365) the absolute mean decrease for Oral TU subjects was 0.374 mg/L (3.6779) compared to the transdermal T-gel decrease of 1.053 mg/L (4.0830).  Differences between the Oral TU and transdermal T-gel group were not statistically significant (p = 0.3837).  The mean hs-CRP levels at Visit 7 (Day 365) were within the normal range. 

In order to assess whether subjects with high Cmax values (> 1500 ng/dL) had greater changes in hs-CRP, 
hs-CRP was analyzed by treatment group and serum T Cmax levels.  For Oral TU subjects, the mean change from baseline of hs-CRP was similar in subjects whose serum T Cmax level was > 1500 ng/dL compared to subjects whose serum T Cmax ≤ 1500 ng/dL.  At Visit 4 (Day 90 or 105), the mean increase was 0.18 mg/L (4.253) for subjects with serum T Cmax > 1500 ng/dL compared to an increase of 0.64 mg/L (8.364) for subjects with serum T Cmax ≤ 1500 ng/dL.  At Visit 7 (Day 365), the mean increase was 0.33 mg/L (2.057) for subjects with serum T Cmax > 1500 ng/dL compared to an increase of 0.17 mg/L (6.582) for subjects with serum T Cmax ≤ 1500 ng/dL.

In order to assess whether subjects with high Cavg values (> 1000 ng/dL) had greater changes in hs-CRP, 
hs-CRP was analyzed by treatment group and serum T Cavg levels.  There were relatively few subjects with 
Cavg > 1000 ng/dL, which may limit the generalizability of the results.  For Oral TU subjects, the mean change from baseline of hs-CRP was similar in subjects whose serum T Cavg level was > 1000 ng/dL compared with subjects whose serum T Cavg level ≤ 1000 ng/dL group.  At Visit 4 (Day 90 or 105), the mean increase was 0.44 mg/L (0.815) for subjects with serum T Cavg > 1000 ng/dL compared with an increase of 0.46 mg/L (7.327) for subjects with serum T Cavg ≤ 1000 ng/dL.  At Visit 7 (Day 365), the mean increase was 0.90 mg/L (1.506) for subjects with serum T Cavg > 1000 ng/dL compared to an increase of 0.18 mg/L (6.131) for subjects with serum T Cavg ≤ 1000 ng/dL.  

Lipoprotein Associated Phospholipase A2
Lipoprotein associated phospholipase A2 is an inflammatory enzyme secreted by macrophages and found in atherosclerotic plaque.  Epidemiologic studies have demonstrated that Lp-PLA2 is an independent risk factor for coronary or cerebrovascular events.  

The mean (Std) baseline Lp-PLA2 for Oral TU was 320.081 ng/mL (81.3534) which was similar to the transdermal T-gel group mean baseline Lp-PLA2 of 312.616 ng/mL (85.6869).  Change from baseline at Visit 4 (Day 90 or 105) was greater in the Oral TU group with an absolute mean decrease of 39.500 ng/mL (86.6330) compared to the transdermal T-gel group decrease of 27.049 ng/mL (78.3423).  At Visit 7 (Day 365), the absolute mean decrease for Oral TU subjects was 39.576 ng/mL (73.7492) compared with the transdermal T-gel decrease of 37.561 ng/mL (77.6177).  Differences between the Oral TU and transdermal T-gel group were not statistically significant (p = 0.4489).

In order to assess whether subjects with high Cmax values (> 1500 ng/dL) had a greater change in Lp-PLA2, Lp-PLA2 was analyzed by treatment group and serum T Cmax levels.  For Oral TU subjects, the mean change from baseline of Lp-PLA2 was less in subjects whose serum T Cmax level was > 1500 ng/dL compared with subjects whose serum T Cmax ≤ 1500 ng/dL.  At Visit 4 (Day 90 or 105), the mean decrease was 28.5 ng/mL (86.11) for subjects with serum T Cmax > 1500 ng/dL compared with a decrease of 48.8 ng/mL (86.39) for subjects with serum T Cmax ≤ 1500 ng/dL.  At Visit 7 (Day 365), the mean decrease was 30.9 ng/mL (58.03) for subjects with serum T Cmax > 1500 ng/dL compared to a decrease of 42.0 ng/mL (77.24) for subjects with serum T Cmax ≤ 1500 ng/dL.   

In order to assess whether subjects with high Cavg values (> 1000 ng/dL) had a greater change in Lp-PLA2, Lp-PLA2 was analyzed by treatment group and serum T Cavg levels.  There were relatively few subjects with Cavg greater than 1000 ng/dL, which may limit the generalizability of the results.  For Oral TU subjects, the mean change from baseline of Lp-PLA2 was similar in subjects whose serum T Cavg level was >1000 ng/dL compared to subjects whose serum T Cavg level ≤ 1000 ng/dL group.  At Visit 4 (Day 90 or 105), the mean decrease was 30.5 ng/mL (66.73) for subjects with serum T Cavg > 1000 ng/dL compared to a decrease of 41.5 ng/mL (88.54) for subjects with serum T Cavg ≤ 1000 ng/dL.  At Visit 7 (Day 365), the mean decrease was 50.8 ng/mL (35.20) for subjects with serum T Cavg > 1000 ng/dL compared with a decrease of 39.7 ng/mL (75.22) for subjects with serum T Cavg ≤ 1000 ng/dL.   

Lipoprotein A and Apolipoprotein A1
Lipoprotein(a) is a very well recognized CV disease risk factor with elevations associated with increased cardiovascular risk.  

The mean (Std) baseline Lp(a) for Oral TU was 18.277 mg/dL (22.2246) which was similar to the transdermal T-gel group mean baseline Lp(a) of 20.327 mg/dL (23.0243).  At Visit 4 (Day 90 or 105), the absolute mean decrease for the Oral TU group was 3.961 mg/dL (10.1491) compared with the transdermal 
T-gel group increase of 1.828 mg/dL (8.9502).  This trend continued at Visit 7 (Day 365).  At Visit 7 (Day 365), the absolute mean decrease for Oral TU subjects was 4.001 mg/dL (10.5435) compared to transdermal T-gel increase of 1.556 mg/dL (9.1896).  The mean Lp(a) levels at Visit 7 were within the normal range.  Differences between the Oral TU and transdermal T-gel group were statistically significant (p < 0.0001) with the Oral TU group having a greater decrease in mean Lp(a) levels.

ApoA1 is the main constituent of HDL and is known to drop across all T replacement regimens like HDL.  The mean (Std) baseline ApoA1 for Oral TU was 149.422 mg/dL (27.5725) which was similar to the transdermal T-gel group mean ApoA1 of 149.862 mg/dL (30.1161).  Mean change from baseline at Visit 4 (Day 90 or 105) was greater in the Oral TU group with an absolute mean decrease of 32.209 mg/dL (26.2661) compared to the transdermal T-gel group decrease of 14.347 mg/dL (26.7713).  At Visit 7 (Day 365), the absolute mean decrease for Oral TU subjects was 28.408 mg/dL (26.9079) compared to transdermal T-gel mean decrease of 11.636 mg/dL (28.9852).   The mean ApoA1 levels at Visit 7 (Day 365) were within the normal range for both groups.  There was a statistically significant difference between the Oral TU and transdermal T-gel group (p < 0.0001), with the Oral TU group having a greater decrease in ApoA1.  The drop occurred early on Day 90 with a 20% change from baseline and stabilized at 17.54% at Day 365 in Oral TU versus an initial drop of 7.6% in the transdermal T-gel group that stabilized at Day 365 at 5.75%.  This drop in ApoA1 as well as the drop in HDL that was greater in the Oral TU group than in the transdermal T gel group cannot be taken in isolation of other CV biomarker results and is summarized in the CV biomarker sub-study report.  

Non-inferiority Analysis of Cardiovascular Biomarkers
In addition to the analysis above which examined changes in hs-CRP and Lp-PLA2 separately between the two T treatment regimens, a non-inferiority analysis was conducted.  The results of this analysis showed that the difference between point estimates for Oral TU and transdermal T-gel and its 95% CI was 0.049 (-0.074 to 0.171).  Since the lower boundary of the CI was < 0 and the upper boundary was 0.171 which is < 0.20 or 20% (the predefined safety margin in this analysis), both criterion were met to conclude that there was non-inferiority for Oral TU compared to transdermal T-Gel in prediction of CV risk based on the composite reclassification of risk based on these two biomarkers.

Relatedness of Other Hormones Derived from T for  Safety Parameters
A stepwise regression model was used to evaluate the effects of Day 365 change from baseline of T, DHT, DHT/T ratio, and E2 on the change from baseline to Day 365 of Hct, HDL, PSA, prostate volume, hs-CRP, and Lp-PLA2.  Treatment (Oral TU vs. transdermal T-gel) was always included in the model regardless of significance level.  All hormone variables left in the model were significant at the 0.15 significance level.  

From baseline to Day 365, there was a significant relationship between treatment group and Hct (p = 0.0031).  Of all hormone parameters, only serum T appeared to have a significant relationship with Hct levels (p = 0.0905).  For HDL at Day 365, treatment group appeared to have a significant relationship with HDL (p < 0.0001).  Of all hormone parameters, only DHT/T ratio appeared to have a significant relationship with HDL (p = 0.0386).  For hs-CRP at Day 365, there was no significant relationship between treatment groups and hs-CRP levels (p = 0.5762).  Additionally, none of the hormone parameters appeared to have an effect on hs-CRP.  For Lp-PLA2 at Day 365, there was no significant relationship between Lp-PLA2 and treatment groups (p = 0.6695).  Additionally, of all hormone parameters, only E2 appeared to have a significant relationship with Lp-PLA2 levels (p = 0.0531).  For PSA at Day 365, there was no significant relationship between PSA and treatment groups (p = 0.4586).  Additionally, of all hormone parameters, only E2 appeared to relate with PSA (p = 0.0313).  For prostate volume at Day 365, there was no significant relationship between treatment group and prostate volume (p = 0.5674) and none of the hormone parameters was related to prostate volume.

The model was also repeated for the change from baseline to Day 90; as well as the change from Day 90 to 365.  At Day 90, none of the hormone parameters appeared to have an effect on Hct levels.  There was a significant relationship between treatment and Hct (p < 0.0001).  For HDL at Day 90, DHT/T ratio 
(p = 0.0978) and E2 (p = 0.0262) had an effect on HDL.  There was a significant relationship between treatment and HDL (p < 0.0001).  For hs-CRP at Day 90, no hormone parameters appeared to have an effect on hs-CRP.  There was a significant relationship between treatment and hs-CRP (p = 0.0795).  For Lp-PLA2 at Day 90, DHT (p = 0.0244) and E2 (p= 0.0984) had effect on LpP-LA2.  There was a significant relationship between treatment and Lp-PLA2 (p = 0.0755).  For PSA at Day 90, no hormone parameters appeared to have an effect on PSA.   There was a significant relationship between treatment and PSA 
(p = 0.121) levels.
   
From Day 90 – Day 365, there was no significant relationship between treatment group and Hct 
(p = 0.7325).  Additionally, of all hormone parameters, only serum T appeared to have a relationship with Hct levels (p = 0.1448).  For HDL at Day 90 – Day 365, treatment group (p = 0.0789) and DHT 
(p = 0.1265) levels appeared to have a relationship with HDL.  For hs-CRP at Day 90 – Day 365, there was no significant relationship between treatment and hs-CRP (p = 0.3029).  Additionally, none of the hormone parameters appeared to have an effect.  For Lp-PLA2 at Day 90 – Day 365, treatment group (p = 0.1256) and E2 (p = 0.0136) levels appeared to have a significant relationship with Lp-PLA2.  For PSA at Day 90 – Day 365, treatment group (p = 0.0755) and E2 appeared to have a significant relationship with PSA levels.




	Cardiovascular Biomarker Sub-study
The CV biomarker sub-study evaluated an expanded list of CV biomarkers that were not assessed in the main study.  The purpose of this focused evaluation in 57 subjects who were randomized to treatment at three study sites (28 Oral TU and 29 transdermal T-gel subjects) was to gain a more complete understanding of the effects of Oral TU and transdermal T-gel therapy on additional CV biomarkers known to be associated with increased CV risk.  

The most important findings of this exploratory analysis are in the functional assessment of HDL, namely CE capacity, and in the quantitation of HDL particle numbers and HDL subfractions.  These assessments are considered to be better indicators of cardiovascular disease risk than HDL or Apo-A1.  The main findings were:

· The mean cholesterol efflux (CE) capacity showed a modest but statistically significant drop in Oral TU group compared to transdermal T-Gel but both treatments were associated with a decrease.  Although the CE decreased more with Oral TU treatment than transdermal T-gel, the difference between the groups was of unclear clinical significance given the complexities of cholesterol trafficking.
· The corresponding decrease in total HDL particle number was not statistically significant between the two groups.
· There was a redistribution in HDL subclasses in the Oral TU group with a significant shift toward very small HDL particles in the Oral TU group and a significant corresponding decrease predominantly in the large HDL.  This indicates that Oral TU caused a shift towards the more anti-atherogenic HDL subclasses.

For most of the CV biomarkers evaluated in this exploratory sub-study, responses observed in response to Oral TU after 365 days of therapy were not statistically different from the response observed in transdermal T-gel subjects (e.g., sPLA2, IDL, VLDL, and most of the markers of immune response to modified LDL and its atherogenic components).  However, there were exceptions to this general trend.  These were:

· PC Ox-PL, an independent risk factor for cardiovascular disease, exhibited a statistically significant decrease in Oral TU subjects versus an increase in transdermal T-gel subjects.  Based on this biomarker, there was decreased cardiovascular risk in the Oral TU group but increased risk in the transdermal T-gel group.
· IgG class Immune Complexes to Apo-B1, considered to be associated with a higher risk for adverse cardiovascular disease outcomes, statistically significantly decreased in both treatment groups across all study days.
· Ion Mobility analysis showed:
· There was a favorable trend toward an increase in the non-atherogenic larger LDL particle subfractions in both treatment groups that was not statistically different between the two groups. 
· A statistically significant increase (albeit numerically small and not clinically meaningful) was observed with very small LDL fraction in response to Oral TU.
· There was a trend towards an increase in medium LDL (numerically small and not clinically meaningful) that failed to achieve statistical significance in response to Oral TU.
· The most reassuring finding in the LDL phenotype analyses was that most subjects started and remained in the non- atherogenic phenotype A group with very few subjects transitioning to the more atherogenic phenotypes I or B.  This analysis did not show statistical differences between the two treatment groups.

Overall Conclusions: 
Efficacy
The primary objective of this study was to determine the safety and efficacy of Oral TU in hypogonadal men for androgen replacement therapy during approximately one year of continuous therapy.  Efficacy was defined as attaining a serum total T Cavg on Day 90 of treatment in the eugonadal range (300 ng/dL ≤ Cavg ≤ 1000 ng/dL) in at least 75% of evaluable subjects treated with Oral TU.  The lower limit of the 95% CI for the observed efficacy rate needed to be at least 65%.  The PK component of the safety was to be assessed by determining the proportions of the Oral TU treated subjects with Cmax greater than 1500 ng/dL, between 1500 ng/dL and 1800 ng/dL, and > 2500 ng/dL.  An additional study objective was validation of the proposed dose titration scheme for Oral TU dose selection in study participants.
 
The PK of T was determined on each of three PK observation days – approximately Day 30, Day 90, and Day 365 of the study.  In addition, a sample was collected on Day 0 (just prior to starting the T treatment to which the subject was randomized), and 4-6 hours post AM dose on approximately Day 180 and Day 270 of treatment.
  
On Day 0/1 of the study, all subjects received the first dose of the treatment to which they were randomized, either Oral TU at 200 mg T BID, or topical gel at 50 mg T once daily as a 1% gel (i.e., 5 g of AndroGel®).  Subjects returned to the clinic for a Day 30 visit during which serial blood PK samples were collected over the 12 hour period following dose administration, with the sample collected 4-6 hours post-drug administration being used to assess the status of a subject's T concentration relative to the titration criteria for holding the T dose the same, increasing the dose, or decreasing the dose.  Those subjects whose dose was adjusted following the Day 30 visit returned to the clinic for a Day 60 visit and a status sample PK blood draw 4-6 hours post dose to determine whether another dose titration step was required.  All subjects returned to the clinic for a Day 90 PK evaluation visit where serial PK samples were collected over a 24-hour period.  The serum total T PK on the Day 90 visit determined whether a subject met the primary efficacy endpoint, namely whether the T Cavg over the 24 hour period of Day 90 fell within the targeted range of 
300 ng/dL ≤ Cavg ≤ 1000 ng/dL.  The designated T treatments were continued for the remainder of a year with single status monitoring PK samples being collected during a Day 180 visit and a Day 270 visit, and serial PK samples being collected over the 12 hours following the morning dose administration on a Day 365 visit.

Results from this study support the following conclusions:

· The efficacy objective of the study was met by achieving a serum total T Cavg in the eugonadal range in 83.6% of the Oral TU treated subjects.  The lower limit of the 95% CI was 76.5%.  The success rate validated the proposed titration scheme as an effective means of controlling Cavg concentrations by adjusting the administered dose based on the total T concentration in a single, status indicating blood sample collected 4-6 hours post dose.
· The safety related objective of avoiding a significant number of Cmax concentrations in excess of 1500 ng/mL was not met.  Approximately 40% of the Oral TU treated subjects had Cmax values in excess of a 1500 ng/dL threshold, instead of the 15% or fewer that was targeted.  The titration scheme for adjusting the administered dose based on the serum T concentration in the status sample collected 4-6 hours post dose was not validated as an adequately effective protocol to control Cmax. 
· The titration process was demonstrated to be an effective means of controlling systemic exposures to total T, although the designation of the appropriate limits for dose adjustment, and the timing of collection of the monitoring sample need additional optimization.  Testosterone concentrations responded in a dose proportional manner to dosage adjustments.
· Cmax and Cavg for total T following Oral TU administration were highly correlated with each other, and both correlated well with the concentration in the status sample collected 4-6 hours post dose.  Cmax was approximately 2.5 x Cavg and approximately 2.3 x C4-6, while Cavg was approximately 0.87 x C4-6.  Tmax occurred 3-6 hours post dose in approximately 75% of the subjects.
· The PK of Oral TU were stable over an extended time period (> 9 months) of chronic dosing.  Steady state exposures for the Oral TU treatment subjects did not change between Day 90 (after at least 1 month on the maintenance dose) and Day 365 (after at least 10 months on the maintenance dose). 
· The PK of total T were not dependent on age, race, ethnicity, or BMI.  A trend for lower body weight to correlate with higher T exposure following Oral TU dosing, while statistically significant, was not strong enough to be a helpful tool for selecting the appropriate Oral TU dose.  Titration to the proper Oral TU dose is required for all therapeutic candidates. 
· The fat content of the meal can affect the T oral bioavailability from Oral TU.  On average, the PM dose of Oral TU resulted in higher systemic exposures to T than did the AM dose, possibly because of likely fat content differences between a typical evening meal as compared to breakfast.  However, nearly half of the Oral TU subjects did not have higher exposures after the PM dose, and approximately 1/3 of subjects had systemic exposures following the AM and PM doses that were within ± 20% of each other.  The differences in AM and PM bioavailability were not considered clinically meaningful.
· Overall, the Oral TU formulation was an effective method for treating hypogonadal men, but the dose titration scheme, as employed in this study, requires adjustment in order to control both Cavg and Cmax.  The Cavg observed in Oral TU subjects was in the upper range of normal (628 ng/dL) and was closely correlated with the Cmax.  Thus, there is a high probability that a revised dose titration scheme can achieve a T Cavg still in the normal range, but with lower Cmax values.

There were no statistical differences between Oral TU and transdermal T-gel for any of the psychosexual questionnaire parameters.  In contrast, for the SF-36 questionnaire, Oral TU was superior to transdermal 
T-gel with respect to physical and social functioning, enhancing energy/vitality, and overcoming role limitations due to physical and emotional problems.  Oral TU was also superior to transdermal T-gel with regards to increasing hip bone mineral density and improving body composition and muscle mass.

Safety
Oral TU was generally safe and well tolerated.  Most TEAEs were mild or moderate in severity.  The incidence of TEAEs was similar between the Oral TU group and the transdermal T-gel group.  Based on the physiologic activity of T and/or its metabolites, TRT’s major effects are on red blood cell (RBC) mass, the prostate, sodium retention (edema, hypertension), and the lipid profile, particularly HDL.  Effects on these organ systems have been noted for other recently approved TRTs, and warnings and monitoring suggestions are addressed on their product labels.  

The predominant AEs experienced by subjects in either the Oral TU or transdermal T-gel group were polycythaemia, hypertension, nasopharyngitis, and upper respiratory tract infection.  The incidences of diarrhea and abdominal discomfort were higher in the Oral TU group while the incidence of prostatomegaly was similar between the Oral TU and transdermal T-gel group.  An increase in PSA and incidence of nipple pain occurred similarly in both groups.    

A total of 17 subjects reported a serious TEAE.  The numbers of subjects that experienced serious TEAEs were similar between the transdermal T-gel and Oral TU groups.  For both study groups, a total of 13 subjects had a TEAE that led to study discontinuation.  Three subjects in the Oral TU group and one subject in the transdermal T-gel group had severe AEs that resulted in discontinuation of study drug.  Two subjects in the Oral TU group and two subjects in the transdermal T-gel group had severe AEs that resulted in dose adjustment or study drug interruption.  

Treatment-emergent adverse events and related TEAEs were also analyzed by serum T Cmax and Cavg.  For most TEAEs, there was no clear relationship between high Cmax (> 1500 ng/dL) and Cavg (>1000 ng/dL) and increased incidence of TEAEs.  Because Cmax correlates with Cavg, association of TEAEs with a high Cmax may reflect an association with higher T exposure.  

Testosterone replacement therapy can stimulate the prostate, particularly in a hypogonadal man.  This stimulation can present as increases in PSA, increases in prostate size, and increases in symptoms associated with an enlarged prostate.  The PSA increase was not statistically significantly different between the Oral TU and the transdermal T-gel group and at Day 365, the median increases were 0.150 ng/mL and 0.100 ng/mL, respectively.  The average PSA levels at the end of the study were within the normal range, and neither group’s median changes were close to an increase of 1.4 ng/mL, which is the change that the Endocrine Society Guidelines recommends as a threshold for referral for evaluation.  The number (%) of AEs of PSA increase was actually higher in the transdermal T-gel group with 8 (5.0%) compared with 5 (3.1%) in the Oral TU group.

Prostate size was evaluated with TRUS, with the increase in prostate volume being only about 1 cc greater in the Oral TU group than the transdermal T-gel group (2.97 cc [9.831] vs. 1.81 cc [26.400], respectively), and the change in volume was not clinically significant.  The net number of related TEAEs of prostatomegaly and BPH was essentially equal with ten in the Oral TU (nine prostatomegaly and one BPH) group and eight (five prostatomegaly and three BPH) in the transdermal T-gel group.  This balance between the Oral TU and transdermal T-gel groups was also reflected in the clinical symptoms of BPH as assessed by the AUA/I-PSS scores, where increase was not statistically significantly different between the groups and ranged between 0.4 and 0.5 during the course of the study.  There was only one case of prostate cancer in the study, in a patient on transdermal T-gel.  The findings in the study suggest that the safety profile of Oral TU is similar to transdermal T-gel and supports the standard warnings on TRT products to monitor patients for worsening of signs and symptoms of BPH and to monitor PSA periodically.

Testosterone replacement therapy product labels warn about the development of edema with or without CHF, both related to the ability of T to promote sodium retention.  Peripheral edema was more frequent in the Oral TU group than the transdermal T-gel group (9 [5.6%] vs. 2 [1.3%], respectively).  There were two (1.2%) TEAEs of CHF in the Oral TU group but only one (0.6%) in the transdermal T-gel group.  As has been previously noted with other TRTs, greater exposures promote sodium retention and so it is not unexpected that the TEAEs of edema and CHF are common in subjects with higher Cmax values (33% of edema TEAEs and 50% of CHFs).  

Despite the greater number of TEAEs associated with sodium retention in the Oral TU group, another sodium dependent TEAE, hypertension, was more frequent in the transdermal T-gel group (11 [6.9%] on transdermal T-gel vs. 6 [3.7%] on Oral TU).  Although the mean systolic and diastolic BP increased after baseline, the mean BP in both groups was in the pre-hypertensive range pre and posttreatment.  As is indicated on TRT product labels, it is necessary to monitor for signs and symptoms of sodium retention, and any increase in frequency of these TEAEs in the Oral TU group may be related to the higher T exposure. 

Subjects who received Oral TU were more likely to report gastrointestinal TEAEs than those receiving transdermal T-gel replacement therapy.  Adverse events were reported in the gastrointestinal disorder system organ class by 13.7% of all subjects (Oral TU 16.1% and transdermal T-gel 11.3%).  The most frequently reported events in the Oral TU group included abdominal discomfort, eructation, diarrhea, and nausea, and are consistent with events reported in other approved lipid based oral medications such as Lovaza®.  There were no SAEs in the gastrointestinal system organ class and none of these TEAEs led to discontinuation of treatment.  One event of diarrhea required dose interruption. 

Hypogonadism is associated with obesity and elevated lipids, which is reflected in the demographics of this study.  There were no significant changes in LDL levels for either the Oral TU or transdermal T-gel group.  Testosterone replacement therapy was effective in shifting subjects who had high TG at baseline into the normal range in both treatment groups with 40.5% of Oral TU treated subjects improved by Visit 7.  The drop in TG may well be related to the decrease in obesity (fat mass) and increase in lean mass.  There was an apparent trend for both treatment groups for TG to decline over the treatment period.  For TG, differences between the Oral TU and transdermal T-gel group were not statistically significant.  

Higher HDL concentrations have been associated with a reduced risk of MI, although pharmaceutical mediated increases in HDL concentration have not uniformly been associated with reductions in CV events.  Some pharmaceutical agents lower HDL, as an unintended consequence.  For instance, beta blockers and hydroclorothiazide can lower HDL, but these agents reduce the rate of CV events.  These agents’ pharmacological activities (e.g., beta blockers reduce heart rate/decrease sympathetic tone, hydroclorothiazide reduces BP) may confound any negative effect of the change in HDL.  Although TRT can cause decreases in HDL, they also are associated with positive changes in other CV risk factors such as improvements in insulin resistance and obesity.  Notwithstanding these important limitations in interpreting the clinical significance of changes in HDL, we have attempted to put the changes in HDL observed in the study into clinical context by comparing the HDL values to results from the Framingham study.  As part of the Framingham study, the relation between HDL and the development of MI was examined in 2425 subjects.  After 12 years of follow-up, men in the bottom three quartiles of HDL experienced a 60-70% excess of MI as compared to men whose HDL were higher (p < 0.05).  

At baseline, the mean HDL for the Oral TU group and the transdermal T-gel group was 48.747 mg/dL and 51.151 mg/dL, respectively which placed the subjects in the 3rd quartile.  At Day 365, the Oral TU group had a mean HDL of 37.945 mg/dL and the transdermal T-gel group had a mean HDL of 44.765 mg/dL.  These values correspond to the 2nd risk quartile for the Oral TU group and the 3rd risk quartile for the transdermal T-gel group.  Because the change in risk is not uniform between quartiles, the difference in risk identified by these quartiles for Oral TU versus transdermal T-gel is only 0.1 per 100 (14.9 vs. 14.8) over 
12 years.  The only statistically significant change in risk is between the 1st and 4th quartile, so neither treatment group had a statistically significant change in risk attributable to the change in HDL.


The largest change observed in lipids after TRT is normally in HDL cholesterol.  In this study, the HDL dropped soon after initiation of treatment and was greater in the Oral TU group than the transdermal T-gel group (e.g., -25.0% Oral TU v. -12.8% in transdermal T-gel arm) on Day 365.  Because of the well described impact of TRT on HDL, there has been concern that TRTs could impact CV risk.  HDL is a well recognized risk factor and all TRTs are known to lower HDL.  Pharmaceutically induced changes in HDL have not always had the impact on CV risk expected based on the change in HDL (e.g., CETP inhibitors).  Hypogonadism is associated with increased CV risk and TRT is known to improve certain CV risk factors (e.g., insulin resistance, obesity).  There have been no prospective randomized trials that examine TRT on CV risk and retrospective studies have offered mixed results.  

There were CV TEAEs during the course of this study.  TEAEs in the system organ class of cardiac disorders were reported by 2.8% of all subjects.  Of these, cardiovascular (CV) SAEs were reported by four subjects on Oral TU and one subject on T-gel.  Two subjects on Oral TU had acute MIs, although one (as detailed above) occurred in the setting of a CHF and hospitalization for pneumonia and presented as a troponin enzyme leak.  Two subjects on Oral TU had coronary artery disease leading to coronary stent placement, although one of these subjects presented on Day 3 of the study with a ≈21-day history of intermittent chest pain.  The other subject with an SAE of coronary artery disease also had an SAE of angina which resulted in a hospitalization prior to the hospitalization for coronary stent placement.  One subject on T-gel had an SAE of coronary artery disease as a result of a hospitalization for coronary stent placement.

Both Oral TU and transdermal T-gel had effects on red cell mass based on lab assessments and AEs.  During the course of the study, the absolute mean increase in Hct in the Oral TU group was 2.9% compared with 1.4% in the transdermal T-gel group.  The increase in the Oral TU group was statistically significantly more than the increase observed in transdermal T-gel and the mean Hct in the Oral TU group at the end of the study was 47.0% which was within the normal range (37.0 - 49.0%).  There were a small number of subjects with a persistent Hct > 54% (4 subjects on Oral TU vs. 1 subject on transdermal T-gel).  

Consistent with the laboratory findings, there were more AEs of polycythaemia in the Oral TU group than in the transdermal T-gel group (8.1% vs. 3.8%).  Approximately half of the subjects on Oral TU who had an AE of polycythaemia had a Cmax > 1500 ng/dL.  Since Cmax is strongly correlated with Cavg, it is not clear whether the association between the polycythaemia and high Cmax was an indication of the peak T levels stimulating RBC production or that the higher Cavg promotes RBC production.  The literature suggests that higher T exposure promotes increased RBC production.  Regardless, TRT product labels indicate that HCT should be checked prior to initiating treatment and then three to six months after starting treatment and then annually, and that an increase in Hct may require lowering the dose or discontinuation of testosterone. 

Aside from the occasional gastrointestinal TEAEs, the safety profile of Oral TU was very similar to transdermal T-gel.  Many of the common TEAEs were those expected with T replacement.  These T replacement TEAEs are indicated on the recently approved TRTs, such as Androgel® 1.62% and Axiron®, so health care professionals and patients are well aware of these adverse events.  Tolerability of Oral TU was similar to T-gel as indicated by the fact that the patient completion rate in both groups was high and similar (79.6%, Oral TU vs. 81.6% transdermal T-gel), and the compliance with therapy for Oral TU was very high (94.64%).

Several clinical laboratory parameters were also analyzed by serum T Cmax and Cavg levels.  For serum T Cmax, in Oral TU subjects, the mean absolute change from baseline of Hct was slightly greater in subjects whose serum T Cmax level was > 1500 ng/dL compared with subjects whose serum T Cmax ≤ 1500 ng/dL.  For Lp-PLA2, in Oral TU subjects, the mean change from baseline of Lp-PLA2 was less in subjects whose serum T Cmax level was > 1500 ng/dL compared to subjects whose serum T Cmax ≤ 1500 ng/dL.  For all other laboratory parameters, the mean or median absolute change from baseline was similar between subjects whose serum T Cmax level was > 1500 ng/dL compared to subjects whose serum T Cmax ≤ 1500 ng/dL.

Several CV biomarkers were analyzed in order to determine the effects of TRT on potential CV risk.  These included hs-CRP, Lp-PLA2, Lp(a), and ApoA1.  For hs-CRP, differences between the Oral TU and transdermal T-gel group were not statistically significant (p = 0.2781).  Similarly, for Lp-PLA2, differences between the Oral TU and transdermal T-gel group were not statistically significant (p = 0.4489).  Notably, Oral TU was found to be non-inferior to transdermal T-gel based on changes in hs-CRP and 
Lp-PLA2 and associated changes in CV risk based on established risk tertiles for each biomarker.

Differences between the Oral TU and transdermal T-gel group for Lp(a) were statistically significant (p < 0.0001) with the Oral TU group having a greater decrease in mean Lp(a) levels.  For ApoA1, there was a statistically significant difference between the Oral TU and transdermal T-gel group (p < 0.0001), with the Oral TU group having a greater decrease ApoA1.  

Finally, the exploratory biomarker sub-study analysis indicated that TRT, with either Oral TU or transdermal T does not substantially change the CV risk.  Most of the trends in the biomarkers, such as the decrease in Pc OxPL, the increase in small HDL particles that mediate a number of anti-atherogenic properties and the decrease in IgG Apo-B1, along with the decrease in Lp(a) reported in the clinical report for CLAR-09007, indicate a benefit although this needs to be balanced against the modest decrease in cholesterol efflux.  The results of this sub-study, in conjunction with the lack of change observed in the two principle inflammatory biomarkers (namely, hsCRP and Lp-PLA2) assessed in the main study, support the conclusion that neither Oral TU nor trasndermal T-gel substantially change CV risk.
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