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OFFICE OF CLINICAL PHARMACOLOGY ADDENDUM 

NDA 022219 Submission Date(s): 8/24/2007, 12/20/2007, 2/8/2008, 
4/2/2008, 11/29/2012, 8/29/2013, and 2/24/2014 

Brand Name AVEED 

Generic Name Testosterone undecanoate 

Reviewer Hyunjin Kim, Pharm.D., M.S. 

Team Leader Myong-Jin Kim, Pharm.D. 

OCP Division Division of Clinical Pharmacology 3 

OND Division Division of Bone, Reproductive and Urologic Products 
(DBRUP) 

Sponsor Endo Pharmaceuticals 

Relevant IND 072297 

Submission Type Resubmission 

Formulation and Strength Intramuscular injection solution, 250 mg/mL 

Indication Testosterone replacement therapy 

The original Clinical Pharmacology review of NDA 022219 (DARRTS, 2/20/2014) 
stated that the clinical pharmacology information submitted in NDA 022219 was 
acceptable provided that agreement is reached between the sponsor and the Division 
regarding the language in the package insert. The agreement on language in the package 
insert was reached on 2/24/2014. The final agreed upon label is included in section 1.3 of 
this review.

1.1 Recommendation

The Division of Clinical Pharmacology 3, Office of Clinical Pharmacology finds NDA 
022219 acceptable from a Clinical Pharmacology perspective.  

1.2 Phase IV Commitments

None

1.3 Final agreed upon label

The final agreed upon label is attached. 
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OFFICE OF CLINICAL PHARMACOLOGY REVIEW 

NDA 022219 Submission Date(s): 8/24/2007, 12/20/2007, 2/8/2008, 
4/2/2008, 11/29/2012, and 8/29/2013 

Brand Name AVEED 

Generic Name Testosterone undecanoate 

Reviewer Hyunjin Kim, Pharm.D., M.S. 

Team Leader Myong-Jin Kim, Pharm.D. 

OCP Division Division of Clinical Pharmacology 3 

OND Division Division of Bone, Reproductive and Urologic Products 
(DBRUP) 

Sponsor Endo Pharmaceuticals 

Relevant IND 072297 

Submission Type Resubmission 

Formulation and Strength Intramuscular injection solution, 250 mg/mL 

Indication Testosterone replacement therapy 

1 Executive Summary 

This is a resubmission (4th cycle) for testosterone undecanoate (TU), which is an ester 
prodrug of testosterone (T), with the proposed indication of T replacement therapy in 
adult males for conditions associated with a deficiency or absence of endogenous T. The 
proposed dose in this application is 750 mg TU at start of therapy, 4 weeks later, and then 
every 10 weeks administered intramuscularly (IM) in the buttock. 

The original NDA was submitted on 8/24/2007 and it was considered acceptable from a 
Clinical Pharmacology perspective (Clinical Pharmacology review, DARRTS, dated 
5/5/2008). However, the NDA was not approved based on the safety and chemistry, 
manufacturing, and controls (CMC) issues (refer to the Approvable Letter dated 
06/27/2008).

On 03/02/2009, the sponsor submitted a resubmission to provide a response to the 
Approvable letter. No new clinical pharmacology data were submitted at that time. The 
NDA was acceptable from a Clinical Pharmacology perspective (Clinical Pharmacology 
review, DARRTS, dated 7/2/2009). On 12/02/2009, the Complete Response (CR) letter 
was issued for the 2nd cycle resubmission for safety reasons (mainly immediate post 
injection adverse reactions).  

Another resubmission (3rd) was submitted on 1/29/2012 to address the deficiencies listed 
in the CR letter dated 12/02/209. In the 3rd cycle resubmission, the sponsor submitted 
Clinical Pharmacology studies (IP157-001 Part C (part of this study was submitted and 
reviewed previously during the 1st cycle) and Part C2) and study results from Part A, Part 
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B and Part D, which primarily focused on the safety evaluation. The 3rd cycle 
resubmission was considered acceptable from a Clinical Pharmacology perspective 
(Clinical Pharmacology review, DARRTS, dated 5/24/2013). The CR letter was issued 
for the 3rd cycle resubmission on 5/29/2013 because the sponsor’s proposed risk 
evaluation and mitigation strategy (REMS) did not adequately address the risk associated 
with the use of AVEED.

The 4th cycle resubmission (current review cycle) was submitted on 8/29/2013 with 
safety data and revised REMS. There were no new clinical pharmacology data submitted 
during the 4th cycle resubmission.  

1.1 Recommendation 

The Division of Clinical Pharmacology 3, Office of Clinical Pharmacology finds the Clinical 
Pharmacology information submitted in NDA 022219 acceptable provided that an agreement is 
reached between the sponsor and the Division regarding the language in the package 
insert. 

1.2 Phase IV Commitments 

None.
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Submission Type;  Resubmission 
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Generic Name Testosterone undecanoate 

Reviewers Dilara Jappar, Ph.D. 

Team Leader CAPT E. Dennis Bashaw, Pharm.D 

OCP Division Division of Clinical Pharmacology 3  

OND Division Division of Gastroenterology and Inborn Errors 
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Proposed Indication Testosterone replacement therapy 

Proposed Dosing Regiment 3 mL (750 mg) is to be injected intramuscularly at 
initiation, at 4 weeks, and every 10 weeks thereafter  
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1 Executive Summary 
 
This is a resubmission (3rd cycle) for Testosterone undecanoate (TU), which is an ester 
prodrug of testosterone (T), with the proposed indication of Testosterone (T) replacement 
therapy in males for conditions associated with a deficiency or absence of endogenous 
testosterone. Currently, there are various testosterone replacement products on the market 
with different formulations.  The proposed dose in this application is 750 mg TU at start 
of therapy, 4 weeks later, and then every 10 weeks administered intramuscularly (IM) in 
the buttock.  
 
The original NDA 22-219 was submitted on 8/28/2007 and it was considered acceptable 
from a clinical pharmacology perspective (Clinical Pharmacology review, dated 
5/5/2008). There were safety and chemistry, manufacturing, and controls (CMC) issues 
that prevented the approval of NDA 22-219 during the original review cycle. An 
Approvable Letter was issued on 6/27/2008 listing Clinical and CMC deficiencies. There 
was no Clinical Pharmacology deficiency listed in the Approvable letter.  The sponsor 
submitted a resubmission on 3/2/2009 to provide a response to the Approvable letter. 
No new clinical pharmacology data were submitted in that 2nd cycle submission. Clinical 
Pharmacology review during the 2nd cycle primarily focused on the labeling 
recommendation regarding the safety of administering the current TU product in patients 
with body weight below 65 kg. The sponsor was issued a Complete Response (CR) letter 
for this 2nd submission on 12/02/2009 for safety reason.  
 
Another resubmission (3rd) was submitted on 11/29/2012 to address CR letter dated 
12/02/209.  In this resubmission, the sponsor had submitted the following pivotal clinical 
pharmacology studies that evaluated the dose that is being sought in this application: 
  
• IP157-001 Part C- to evaluate the PK up to 9 injections (part of this study up to 5 

injections was submitted and reviewed previously during the 1st cycle)  
• IP157-001 Part C2- to evaluate the Cmax  
 
In addition to those above studies, the sponsor had also submitted study results from Part 
A, Part B and Part D, which primarily focused on the safety evaluation.  These 3 studies 
had different dosing regimen or different route of administration than the dose being 
sought in the application. 
 
An Advisory committee meeting is scheduled for 04/18/2013. 
 

1.1 Recommendation 

The application is acceptable from the clinical pharmacology perspective provided that a 
mutual agreement is reached on the labeling languages. 
 

1.2 Summary of Clinical Pharmacology and Biopharmaceutics Findings 
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During the 1st cycle, the sponsor had submitted part of two phase 3 safety and efficacy 
studies, Study IP157-001 Part C and Study IP157-001 Part A, to support the NDA.  The 
study report for Study IP157-001 Part C had data up to 5 injections and study report for 
Study IP157-001 Part A had data up to 7 injections. There was a full clinical 
pharmacology review during the 1st cycle and application was found to be acceptable 
from clinical pharmacology standpoint.  Please refer to the Clinical Pharmacology 
Review by Dr. Doanh Tran dated 05/05/2008 for further details of the review.  During the 
2nd submission, the sponsor did not submit any new clinical pharmacology data.  The 
review primarily focused on the labeling recommendation regarding the safety of 
administering the current TU product in patients with body weight below 65 kg.  Please 
refer to Clinical Pharmacology review by Dr. Doanh Tran dated 07/10/2009. 
 
In this resubmission, the sponsor submitted the study report for Study IP157-001 Part C 
with data up to 9 injections and study report for Study IP157-001 Part C2.  Both of theses 
studies had evaluated the dose that is being sought in this application, IM injection of 750 
mg TU at start of therapy, 4 weeks later, and then every 10 weeks thereafter.  This 
clinical pharmacology review will primarily focus on the newly submitted clinical 
pharmacology data. 
 
In Study IP157-001 Part C, the sponsor had evaluated the full pharmacokinetics of serum 
total testosterone (including Cavg and Cmax) following the 3rd and 4th injections and trough 
concentrations up to 9 injections (data up to 5 injections were submitted and reviewed 
previously during the 1st review cycle).  In Study IP157-001 Part C2, the sponsor had 
evaluated the full pharmacokinetics of serum total testosterone (focusing on the Cmax) 
following the 2nd injection and trough concentrations up to 6 injections.  The steady state 
was considered to be reached by the 3rd injection. Please refer to Clinical Pharmacology 
Review by Dr. Doanh Tran dated 05/05/2008 for detailed discussion of steady state 
assessment.  Therefore, data from the 3rd injection interval was used as the primary PK 
and efficacy assessment.  
 
Cavg:  
Following the 3rd and 4th injections, the serum total testosterone had very similar PK 
profiles with the mean Cavg of 494.9 ± 141.5 ng/dL and 514.3 ± 163.11 ng/dL, 
respectively.   Please refer to Clinical Pharmacology Review by Dr. Doanh Tran dated 
05/05/2008 for detailed discussion.   Following the 2nd injections, the mean Cavg was 
449.6 ± 157.01 ng/dL.  The mean serum testosterone concentrations were within the 
normal range of 300 – 1000 ng/dL throughout the 2nd, 3rd and 4th injection dosing 
intervals.   
 
The mean tough concentration (immediately prior to injection) of serum testosterone 
levels up to 9 injections ranged from 307.8 to 389.8 ng/dL  after the 1st injection and were 
within the normal range (300 to 1000 ng/dL).  
 
Cmax:    
The PK parameter Cmax was assessed following the 2nd, 3rd and 4th injections and was 
used as a measure to decide whether the administered dose of TU resulted in excessively 
high serum testosterone level in man with hypogonadism.  Following all injections, 
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1800-2500 ng/dL 5% of Patients >5% of Patients 

>2500 ng/dL No Patients At least 1 patient 
All 3 criteria must be met in order to reject the null hypothesis in favor of the alternative hypothesis. 
 

2.3.3 Does IM administration of TU 750 mg at baseline, at 4 weeks, and then every 10 
weeks thereafter provide adequate testosterone replacement in hypogonadal men at 
steady state? 

Yes, IM administration of TU 750 mg at baseline, at 4 weeks, and then every 10 weeks thereafter 
does provide adequate testosterone replace in hypogonadal men at steady state, which was 
considered to be reached by the 3rd injection.  Please refer to Clinical Pharmacology Review by 
Dr. Doanh Tran dated 05/05/2008 for detailed discussion regarding the steady state assessment.    
 
The full PK profiles of serum total testosterone were characterized following 2nd (in Part C2), 3rd 
and 4th (in Part C2) injections.  The serum total testosterone had very similar PK profiles 
following the 3rd and 4th injections.   Following the 3rd and 4th injections, the mean Cavg (calculated 
as AUC0-tau/tau where tau is the dosing interval) was 494.9 ± 141.5 ng/dL and 514.3 ± 163.11 
ng/dL, respectively, and the mean serum testosterone concentrations at each time point were 
within the normal range of 300 – 1000 ng/dL throughout both dosing intervals.  Please refer to 
Clinical Pharmacology Review by Dr. Doanh Tran dated 05/05/2008 for detailed discussion.   

Figure 1. Mean (SD) Serum Total Testosterone Concentrations (ng/dL) following the 3rd and 4th 
Injection Intervals (Part C) 

 
 
In this submission, the sponsor had also submitted new data that characterize the full PK profile 
of serum total testosterone level following the 2nd injection in Part C2 study as supportive data.  
Following the 2nd injections, the mean Cavg was 449.6 ± 157.01 ng/dL, and the mean serum 
testosterone concentrations remained within the normal range of 300 – 1000 ng/dL throughout the 
dosing intervals. 
 
Figure 2. Mean (SD) Serum Total Testosterone Concentrations (ng/dL) following the 2nd 
Injection (Part C2) 
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Figure 4. Mean (SD) Serum Total Testosterone Concentrations (ng/dL) at Trough Time Points 
Through the 6th Injection (Part C2) 

 
 

2.3.4 Does administered of TU 750 mg  dose result in excessively high serum testosterone 
level in hypogonadal men? 

Parameter Cmax, based on the criteria in table 2, was used to decide whether the administered dose 
of TU resulted in excessively high serum testosterone level in hypogonadal men in this study. 
  
Table 2.  Decision Criteria for Cmax 

Serum Total Testosterone Maximum Concentration 
(Cmax) Observed During the 3rd Injection Interval 

 
Criteria for Success 

Not Meeting the 
Criteria for Success 

1500 ng/dL 85% of Patients <85% of Patients 

1800-2500 ng/dL 5% of Patients >5% of Patients 

>2500 ng/dL No Patients At least 1 patient 
All 3 criteria must be met. 
 

The Cmax was assessed following the 3rd (the steady state) and 4th injections in the study Part C 
and the following the 2nd injection in study Part C2.  Following all injections, greater than 85% of 
patients had Cmax value 1500 ng/dL.  No patients following 2nd and 3rd injection and 4 (3.8%) 
patients following 4th injection had Cmax value between 1800 and 2500 ng/dL; No  patient had a 
Cmax value >2500 ng/dL following any of the injections.  Therefore, Cmax criteria were met 
following all 2nd, 3rd, and 4th injections. 

Table 3. Number (%) of Patients (and Two-sided 95% Confidence Interval) Meeting Serum Total 
Testosterone Cmax Criteria for Success  
 

Serum Total 
Testosterone Cmax

2nd Injection Interval
Part C2  (N=23)

3rd Injection Interval
Part C (N=117)

4th Injection Interval
Part C (N=104)

 N (%) 95% (CI) N (%) 95% (CI) N (%) 95% (CI) 
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1500 ng/dL 22 (95.7%)  108 (92.3%) (87.5%-97.1%) 96 (92.3%) (87.2%, 97.4%)

>1500 to <1800 ng/dL 1 (4.3%)  9 (7.7%) (2.9%- 12.3%) 4 (3.8%) (0.2%, 7.5%) 

1800-2500 ng/dL 0  0  4 (3.8%) (0.2%, 7.5%) 

>2500 ng/dL 0  0  0  

Meet Cmax Criteria Yes Yes Yes

 
Therefore, TU 750 mg given intramuscularly at baseline, at 4 weeks, then at 10-week intervals 
thereafter does not result in excessively high serum total testosterone values in hypogonadal men. 
 

2.4 Analytical Section 

2.4.1 What bioanalytical methods were used to assess the concentration?  

For both Part C and C2, the sponsor had used high performance liquid chromatography (HPLC) 
with tandem mass spectrometry (MS/MS) detection by  to 
measure the human serum concentration of T and DHT.  Part C and C2 had same bioanalysis 
procedures and acceptance criteria (Please refer to the Clinical Pharmacology Review by Dr. 
Doanh Tran dated 05/05/2008 for further details) and both parts (C & C2) had acceptable 
reported precision and accuracy of assay runs.   

2.4.2 Were the analytical assay methods adequately validated? 

The bioanalytical method via HPLC with MS/MS detection to measure the concentration of T and 
DHT in human serum samples in study IP157-001 Part C and Part C2 was appropriately validated 
(  validation report 2100-801).  Please see the Clinical Pharmacology Review by Dr. 
Doanh Tran dated 05/05/2008 for further details of the validation report.   
 
In addition to the validation report that was submitted in the last cycle of review (validation report 
2100-801 dated 08/16/2006), the sponsor had also submitted an addendum No. 1 to the validation 
report with the following updated validation information (report dated 06/06/2008) in this 
submission.  
 

• Frozen matrix stability for testosterone and DHT in human serum was established for 463 
day when stored in a freezer set to maintain -10 to -30°C.  

• Frozen matrix stability for testosterone and DHT in PBS was established for 195 days 
when stored in a freezer set to maintain -10 to -30°C. 

• Additional short-term matrix stability was confirmed for seven freeze/thaw cycles for 
testosterone and DHT in human serum.  

• Intermediate (working) standard solution stability for solutions of testosterone and DHT, 
at each of the lowest and highest concentration levels, was confirmed for 105 days when 
stored in a refrigerator set to maintain 2 to 8°C. 

Reference ID: 3314105
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3 Appendices

3.1 Individual Study Review 
 
IP157-001 Parts C

TITLE: A Two-Arm, Open-Label, Randomized, Multi-Center Pharmacokinetic and 
Long-Term Safety Study of Intramuscular Injections of 750 mg and 1000 
mg Testosterone Undecanoate in Hypogonadal Men 

 
Study Site:   

Sponsor:   Endo Pharmaceuticals Inc, Chadds Ford, PA 
Clinical Site:   Multicenter study of 31 investigative centers in the U.S.A 
Analytical Site:               

Phase of Study:  Phase 3 study 

Primary Objective: 
The primary objective for Part C of the study was to evaluate the pharmacokinetics of 
testosterone (T) from Testosterone Undecanoate (TU) 750 mg given intramuscularly at baseline, 
at 4 weeks, and then every 10 weeks thereafter, over the 10-week interval following the 3rd 
injection, via multiple measurements of serum total testosterone, in up to approximately 130 
hypogonadal men. 

Secondary Objectives: 
The secondary objectives for Part C of the study were: 
• To evaluate the pharmacokinetics of testosterone from TU 750 mg given intramuscularly at 

baseline, at 4 weeks, and then every 10 weeks thereafter, over the 10-week interval following 
the 4th injection, via multiple measurements of serum total testosterone. 

• To compare serum levels of DHT, estradiol, and SHBG to simultaneous levels of serum total 
testosterone over the 3rd injection interval. 

• To evaluate safety in patients treated with TU 750 mg given intramuscularly at baseline, at 4 
weeks, and then every 10 weeks thereafter, through up to 9 injections in hypogonadal men. 

STUDY DESIGN: 

Drug Products:  Each  TU contained 4 mL of Testosterone undecanoate drug 
product, in a concentration of 250 mg/mL in oily solution. In this study, the dose 
administered was 750 mg TU in 3 mL oily solution. 
 

Part C was a multicenter, single-arm, open-label study with a planned enrollment of up to 130 
patients. The treatment arm was TU 750 mg in 3 mL (250 mg/mL) oily solution, injected 
intramuscularly into the buttock (deep gluteal muscle) at baseline, at 4 weeks and then every 10 
weeks thereafter.  TU 750 mg was administered up to 9 intramuscular injections (approximately 
20 months/84 weeks).  Each dose comprised 3 mL of TU in oily solution (TU 750 mg) and was to 
be administered at 9 AM (±3 hours). The injection site was alternated for each consecutive 
injection (i.e., the left and right buttocks rotated from one injection to the next). 
 

Reference ID: 3314105
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All patients underwent intensive pharmacokinetic (IPK) assessments during the 3rd and 4th 
injection intervals.  In addition, patients also underwent a trough (immediately prior to injection) 
pharmacokinetic (PK) assessment at each 10-week dosing interval visit through Injection 9.  
Safety was assessed throughout the study (i.e., up to 9 injections [up to approximately 20 
months/84 weeks]). 
 
Part C had 4 defined periods: Screening, Baseline, Stage 1, and Stage 2: 
• Screening: Approximately 1- to 5-week screening period (washout from select prior 

testosterone replacement therapies could extend this period for some patients). 
• Baseline: Final pre-study measurements were captured and patients were enrolled. 
• Stage 1 (the first 3 injections): This included the first injection at the baseline visit. The end 

of Stage 1 was the 4th injection visit. The Stage 1 analysis included only data through the 4th 
injection visit and this interim CSR have been previously submitted in 2007 and reviewed by 
Dr. Doanh Tran (clinical pharmacology review) dated 05/05/2008. 

• Stage 2 (long-term safety extension): The study continued following the 4th injection visit, 
with up to 5 additional injections (at 10-week intervals) during an extended treatment phase. 
The Stage 2 analysis included all patients and all safety data. 

Key inclusion criteria: 
• Male with primary or secondary hypogonadism at least 18 years of age 
• Morning screening serum testosterone concentration <300 ng/dL 
• If receiving endocrine replacement hormones (eg, thyroid), antihypertensive, lipid 

lowering agents, antidepressants, or anxiolytic medications, the dose must be stable for at 
least 28 days prior to the first administration of the study drug or was not currently on 
such medications 

Study Schedule: 
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Study Population: 
Of the 130 patients enrolled in Part C, 93 patients completed Part C and 37 patients discontinued 
early.  
 

Table C-1. Summary of Demographic Characteristics, Total Patient Sample 

Parameters Category/statistics 
All subject  
(N= 130) 

Male 130 Gender Female 0 
   

Mean ± SD 54.2 ± 10.25 Age (years) Range 24-75 
   

Mean ± SD 177.9 ±7.57 Baseline Height 
(cm) Range 152-193 
   

Mean ± SD 101.2 ±17.96 Baseline Weight 
(kg) Range 59-158 
   

Mean ± SD 32.0 ± 5.40 BMI (kg/m2) Range 17-51 
   

White 97 (74.6%) 
Asia 0 
Black 16 (12.3%) 
Hispanic 14 (10.8%) 

Race 

Other 3 (2.3%) 
   

Mean ± SD 214.7 ± 68.57 Inclusion 
Screening Total 
Testosterone 
(ng/dL) 

Range 24 -299 

 
PK Population: 
Patients who had a minimum of 4 serum total testosterone concentration values within the 3rd 
injection dosing interval. The 4 values could include the Day 0 and/or Day 70 (4th injection visit) 
values from the interval. Additionally, patients had to have weighed 65 kg in order to be 
included in the PK Population. 
The PK Population was used for the analysis of the primary and secondary efficacy outcomes 
during the 3rd injection interval. 
 
Steady-State PK population: 
All patients in the PK Population with non-missing 4th and 5th injection serum total testosterone 
concentrations.  

Long term PK population:
All patients in the Steady-State PK Population with a non-missing 8th injection serum total 
testosterone concentration.  
 

Table C-2 
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 C-750 mg 
Total Patient Enrolled  130 
PK Population 117 (90%) 
Steady-State PK Population 104 (80%) 
Long–Term PK Population 98 (75.4%) 
Patients Completed Treatment Phase   

Yes 93 (71.5%) 
No 37 (28.5%) 

  
Reason for Discontinuation  

Adverse Event 15 (11.5%) 
Protocol Violation 0 
Patient Withdrew Consent 10 (7.7%) 
Patient Non-Compliance 5 (3.8%) 
Lost to Follow-up 3 (2.3%) 
Other 4 (3.1%) 

The other reasons for early discontinuation for the 4 patients were withdrawn by Sponsor (2 patients; 031-7021 and 
065-7121); a patient (032-7117) was moving to California and could not complete follow-up visits and a patient (044-
7097) had an elevated PSA level (3.89 ng/mL) prior to Injection 1, which was confirmed with a repeat test (3.92 
ng/mL) 

Pharmacokinetic Measurements: 
• In Part C, total testosterone (T), free testosterone [measured], DHT, SHBG, and estradiol 

were measured via PK blood sampling. However, TU and DHTU were not assessed in Part C. 
• After the 3rd IM injection, PK blood samples were collected at Day 0 (pre-3rd injection), 4, 

7, 11, 14, 21, 28, 42, 56, and 70 (pre-4th injection), where the 4th injection visit was defined 
as the end of the injection interval. 

• After the 4th IM injection, PK blood samples were collected at Day 0 (pre-4th injection), 4, 7, 
11, 42, and 70 (pre-5th injection), where the 5th injection visit was defined as the end of the 
injection interval. 

• In addition, trough (immediately prior to injection) pharmacokinetic (PK) was assessed at 
each 10-week dosing interval visit through Injection 9. 

 
Data Analysis: 
PK: 
PK parameters AUC0-70days, Cavg, Cmax, Ctrough, Tmax, Tlast were derived for each Intensive PK 
interval following the 3rd and 4th injection.  PK parameters were estimated from the serum 
concentration data using non-compartmental analysis within each patient. Nominal (protocol-
scheduled) time from dosing was used to estimate all individual (within-patient) PK parameters. 
All parameters, except Ctrough, were derived for each IPK interval. Ctrough was derived for both IPK 
and non-IPK injection intervals. WinNonLin® Professional version 5.3 was used to derive PK 
parameters, as appropriate. 
 
Efficacy: 
The primary efficacy endpoint analysis was based on PK assessments during the 3rd injection 
interval for PK population.  Secondary efficacy endpoint analysis included PK and clinical 
symptomatology assessments during the same 3rd injection interval. Steady-state analysis was 
based on PK assessment during the 4th injection interval in Part C. Two-sided 95% CIs were 
constructed for the PK primary and secondary efficacy outcomes 
 
Primary Hypothesis: 
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TU 750 mg given intramuscularly at baseline, at 4 weeks, and then every 10 weeks thereafter 
during the 3rd injection interval does provide adequate testosterone replacement in hypogonadal 
men. 
A patient was considered a responder if his serum total testosterone Cavg was in the normal range 
(300 to 1000 ng/dL), where Cavg was derived as the AUC of the dose interval divided by the 
duration of the dosing interval, ie, Cavg = AUC0-70 days/70 days. 
 
Secondary Hypothesis: 
TU 750 mg given intramuscularly at baseline, at 4 weeks, and then every 10 weeks thereafter 
during the 3rd injection interval does not result in excessively high serum total testosterone values 
in hypogonadal men.  The secondary hypothesis was tested as summarized below 
 

Serum Total Testosterone Maximum Concentration 
(Cmax) Observed During the 3rd Injection Interval 

 
Criteria for Success

Not Meeting the 
Criteria for Success 

1500 ng/dL 85% of Patients <85% of Patients 

1800-2500 ng/dL 5% of Patients >5% of Patients 

>2500 ng/dL No Patients At least 1 patient 
All 3 criteria must be met in order to reject the null hypothesis in favor of the alternative hypothesis. 

 
Additional Secondary Efficacy Outcomes 
Based on Pharmacokinetic Data: 
• The proportion of patients with serum total testosterone concentration values falling below 

300 ng/dL at any time during the 3rd injection interval 
• The time to first observation of serum total testosterone value below 300 ng/dL during the 3rd 

injection interval 
• “Clinical Success”: This was defined based on Cavg and the Day 70 concentration (Ctrough) of 

serum total testosterone during the 3rd injection interval. Patients were classified as “Clinical 
Success” if both their Cavg and Ctrough values fell within the normal range of 300 to 1000 
ng/dL. 

• Steady-state assessment of serum total testosterone concentrations during the 4th injection 
interval 

• Serum total testosterone Cmax 
 
Based on Clinical Symptomatology: 
• Male-Patient Global Assessment (M-PGA): 

o Proportion of patients for each M-PGA category 
o Correlation (Pearson coefficients) of each M-PGA category with serum total testosterone 

Cmax, Cavg, and Ctrough on Day 0 and Day 21 of the 3rd injection interval 
• Body Weight and Body Mass Index (BMI) 

o Changes in body weight and BMI from pretreatment to 4th injection visit 
o Correlation (Pearson coefficients) of changes in body weight and BMI from pretreatment 

to 4th injection visit with serum total testosterone Cmax, Cavg, and Ctrough 

Bioanalytical Analysis: 
The concentration of T and DHT in human serum samples were determined by using high 
performance liquid chromatography (HPLC) with tandem mass spectrometry (MS/MS) detection 
by   The bioanalysis procedures and acceptance 
criteria are discussed in the Clinical Pharmacology Review by Dr. Doanh Tran dated 05/05/2008 
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in detail.  The part C (including stage 1 and 2) has acceptable reported precision and accuracy of 
assay runs.   
The method used in this study was appropriately validated (  validation report 2100-801).  
Please see the Clinical Pharmacology Review by Dr. Doanh Tran dated 05/05/2008 for details of 
the validation report.  

RESULTS:

Efficacy:
The primary efficacy (Cavg) and safety (Cmax) assessments were based on the PK sample 
collection during the 3rd injection interval, which is considered to be at the steady-state (please 
refer to the Clinical Pharmacology Review by Dr. Doanh Tran dated 05/05/2008 for details of 
steady state assessment). 
 
Cavg

The mean Cavg  for serum total T concentrations was 494.9 ± 141.5 ng/dL and were within the 
normal range of 300 – 1000 ng/dL throughout the 3rd dosing interval.   94% of patients had serum 
total T Cavg within the 300 – 1000 ng/dL range and met the responder criteria, and 6% patients 
were non-responders.  
 
Table C-3.  Number (%) of Patients (and Two-Sided 95% Confidence Interval) Meeting Serum 
Total Testosterone Cavg Criteria for a Responder During the 3rd Injection Interval, PK Population 
 

C-750 mg 
(N=117) 

 
Serum Total Testosterone Cavg Criteria 

N (%) 95% CI 
Responder   

Cavg within 300-1000 ng/dL 110 (94.0%) (89.7%, 98.3%) 
Not a Responder   

Cavg <300 ng/dL 6 (5.1%) (1.1%, 9.1%) 
Cavg >1000 ng/dL 1 (0.9%) (0.0%, 2.5%) 

 

During the 3rd injection interval, the mean serum total testosterone concentrations remained 
within the normal range (300 to 1000 ng/dL), as demonstrated by the below FigureC-1.  

Figure C-1.  Mean (SD) Serum Total Testosterone Concentrations (ng/dL) following the 3rd 
Intramuscular Injection of Testosterone Undecanoate, PK Population 
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AUC0-70days 
(d·ng/dL) 

117 34645.6 9902.45 13755.1 33342.2 70016.9 28.6 33263.6 

Ctrough (ng/dL) 117 323.5 99.11 138.2 316.9 611.1 30.6 309.0 

Cmax (ng/dL) 117 890.6 345.11 311.0 813.6 1758.5 38.8 826.8 

Tmax (days) 117 10.0 7.11 4.0 7.0 42.0 71.1 8.4 

Cavg (ng/dL) 117 494.9 141.46 196.5 476.3 1000.2 28.6 475.2 
AUC0-70days=Area under curve from Day 0 through Day 70; Cavg=Average concentration; 
Cmax=Maximum concentration; Ctrough=Day 70 concentration; CV=Coefficient of variation; 
Tmax=Time of maximum concentration. Note: C-750 mg refers to TU 750 mg. 

 
 
Cmax

108 patients (92.3%) had a serum total testosterone Cmax value 1500 ng/dL; Nine patients (7.7%) 
had Cmax > 1500 ng/dL.  No patient had a Cmax value between 1800 and 2500 ng/dL or Cmax value 
>2500 ng/dL during the 3rd injection interval. Thus, the Cmax criteria for success were met during 
the 3rd injection  in this study.  Therefore, TU 750 mg given intramuscularly at baseline, at 4 
weeks, then at 10-week intervals thereafter does not result in excessively high serum total 
testosterone values in hypogonadal men. 
 
Number (%) of Patients (and Two-sided 95% Confidence Interval) Meeting Serum Total 
Testosterone Cmax Criteria for Success During the 3rd Injection Interval, Pharmacokinetic 
Population 
 

C-750 mg (N=117)  
Serum Total Testosterone Cmax Observed 
During 3rd Injection Interval 

 
Criteria for Successa 

N (%) 95% CI 
1500 ng/dL 85% of Patients 108 (92.3%) (87.5%, 97.1%) 

1800-2500 ng/dL 5% of patients 0  

>2500 ng/dL No Patients 0  
 
 
Other Secondary analysis: 

Table C-4.  Other Secondary Efficacy Outcomes Based on Pharmacokinetic Assessments During 
the 3rd Injection Interval, Pharmacokinetic Population
 

C-750 mg 
(N=117) 

 
Secondary Efficacy Outcome During the 3rd Injection Interval 

N (%) 95% CI 
Patients with Serum Total Testosterone Concentration <300 ng/dL 
at Any Time, n (%) 

  

At Least 1 Concentration <300 ng/dL 60 (51.3%) (42.2%, 60.3%) 
No Concentrations <300 ng/dL 57 (48.7%) (39.7%, 57.8%) 

N (%) of Patients with Cavg 300 ng/dL 111 (94.9%) (90.9%, 98.9%) 
Time (Days) to First Serum Total Testosterone below 300 ng/dL   

N 60  
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Median 56.0  

Minimum, Maximum 5, 74  

N (%) of Patients with Clinical Successb   

Success 63 (53.8%) (44.8%, 62.9%) 
Not a Success 54 (46.2%) (37.1%, 55.2%) 

N (%) of Patients with Cmax 1500, >1500 to <1800, 1800 to 2500, 
>2500 ng/dL 

  

1500 ng/dL 108 (92.3%) (87.5%, 97.1%) 
>1500 to <1800 ng/dL 9 (7.7%) (2.9%, 12.5%) 
1800 to 2500 ng/dL 0  

>2500 ng/dL 0  
Patients were classified as “clinical success” if both their Cavg and Ctrough values fell within the normal range of 300 to 
1000 ng/dL. 

Table C-5.  Number (%) of Patients with Serum Total Testosterone Concentrations Above or 
Below the Normal Range Post 3rd Injection Visit, Pharmacokinetic Population 
 

 
 
 
 
Effect of body weight and BMI on serum total T concentration: 
Please see the Clinical Pharmacology Review by Dr. Doanh Tran dated 05/05/2008. 
 
 
Efficacy during the 4th injection interval: 

Cavg:
During the 4th injection, the mean serum T concentrations were within the normal range of 300 – 
1000 ng/dL with the mean (±SD) total serum T Cavg of 514.3 ± 163.11 ng/dL. 
96.2% of patients were responders with Cavg within 300 - 1000 ng/dL range and 3.8% of the 
patients were non-responders with Cavg <300 ng/dL. No patient had a Cavg >1000 ng/dL. 
 
Table C-6.  Number (%) of Patients (and Two-Sided 95% Confidence Interval) Meeting Serum 
Total Testosterone Cavg Criteria for a Responder During the 4th Injection Interval, SS PK 
Population 
 

C-750 mg 
(N=104) 

 
Serum Total Testosterone Cavg Criteria 

N (%) 2-sided 95%CI 
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C-750 mg (N=104)  

 
N 

 
Mean 

 
Std. Dev. 

 
Min 

 
Median 

 
Max 

 
%CV 

Geometric 
Mean 

AUC0-70days 
(d·ng/dL) 

104 35999.5 11418.03 18970.2 33048.5 66485.4 31.7 34308.6 

Ctrough (ng/dL) 104 342.8 106.92 160.8 332.0 633.9 31.2 327.4 

Cmax (ng/dL) 104 837.6 412.07 327.1 748.1 2200.5 49.2 755.4 

Tmax (days) 104 10.1 12.65 0 7.0 70.0 125.4 7.6 

Cavg (ng/dL) 104 514.3 163.11 271.0 472.1 949.8 31.7 490.1 

Responder   

Cavg within 300-1000 ng/dL 100 (96.2%) (92.5%-99.8%) 

Not a Responder   

Cavg <300 ng/dL 4 (3.8%) 0.2%-7.5% 

Cavg >1000 ng/dL 0  
 
 
Table C-7.  Descriptive Statistics for 4th Injection Serum Total Testosterone pharmacokinetic 
Parameters, Steady-State Pharmacokinetic Population (ng/dL)

 
AUC0-70days=Area under the curve from Day 0 through Day 70; Cavg=Average concentration; 
Cmax=Maximum concentration; Ctrough=Day 70 concentration; CV=Coefficient of variation; 
Tmax=Time of maximum concentration. Note: C-750 mg refers to TU 750 mg. 

 
The mean serum total testosterone concentrations during 3rd and 4th injection were very similar 
and all mean values were within the normal range during the both injection intervals.  

Figure C-3. Comparison of Serum Total Testosterone Concentrations (ng/dL) During the 3rd and 
4th Injection Intervals, Pharmacokinetic and Steady-State Pharmacokinetic Populations
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Cmax:
The Cmax criteria for success were met during the 4th injection interval; 96 patients (92.3%) had a 
serum total testosterone Cmax value 1500 ng/dL; 4 patients (3.8%) had a Cmax value between 
1800 and 2500 ng/dL; and no patient had a Cmax value >2500 ng/dL during the 4th injection 
interval.  This result, once again confirm that TU 750 mg given intramuscularly at baseline, at 4 
weeks, then at 10-week intervals thereafter does not result in excessively high serum total 
testosterone values in hypogonadal men. 
 
Table C-8. Number (%) of Patients (and Two-sided 95% Confidence Interval) Meeting Serum 
Total Testosterone Cmax Criteria for Success During the 4th Injection Interval, SS PK Population 
 

C-750 mg (N=104)  
Serum Total Testosterone Cmax Observed 
During 3rd Injection Interval N (%) 95% CI 

1500 ng/dL 96 (92.3%) (87.2%, 97.4%) 

>1500 to <1800 ng/dL 4 (3.8%) (0.2%, 7.5%) 

1800-2500 ng/dL 4(3.8%) (0.2%, 7.5%) 

>2500 ng/dL 0  

 
 
Long term 
Trough (immediately prior to injection) concentration of serum total testosterone was assessed at 
each 10-week dosing interval visit through Injection 9.  Trough concentrations level up to 5 
injections were provided during the 1st submission.  The sponsor had provided additional trough 
concentration data up to 9 injections in this submission.   The mean trough concentrations of 
serum total testosterone after the first injection ranged from 307.8 to 389.8 ng/dL and were within 
the normal range (300 to 1000 ng/dL). 

Figure C-4. Mean (SD) Serum Total Testosterone Concentrations (ng/dL) at Trough Time Points 
Through the 9th Injection Week (Week 74), Long-Term Pharmacokinetic Population 
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Table C-9.  Descriptive Statistics for Serum Total Testosterone Concentration (ng/dL) by Trough 
Time Points Through All Injection Visits, Long-Term Pharmacokinetic Population 

 

C-750 mg (N=98) Visit 

N Mean Std. Dev. Min Median Max %CV Geometric 
Mean 

Screening 98 219.3 71.05 24.3 239.0 343.0 32.4 200.8 

Injection 1 98 251.6 98.86 0.0 254.4 538.4 39.3 230.7 

Injection 2 97 309.6 104.91 133.4 304.3 705.5 33.9 293.5 

Injection 3 98 340.5 120.69 141.4 310.6 754.1 35.4 321.5 

Injection 4 98 327.6 96.11 165.4 319.2 611.1 29.3 314.2 

Injection 5 98 339.9 105.87 160.8 330.1 633.9 31.1 324.8 

Injection 6 97 367.1 119.12 185.1 354.3 795.7 32.4 349.7 

Injection 7 98 389.4 133.13 178.3 362.9 781.5 34.2 369.0 

Injection 8 98 389.8 114.45 172.8 380.2 706.8 29.4 373.3 

Injection 9 6a 307.8 103.88 218.6 275.1 509.5 33.7 296.0 
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IP157-001 Parts C2 

TITLE: A Two-Arm, Open-Label, Randomized, Multi-Center Pharmacokinetic and 
Long-Term Safety Study of Intramuscular Injections of 750 mg and 1000 
mg Testosterone Undecanoate in Hypogonadal Men  

 
Study Site:   

Sponsor:   Endo Pharmaceuticals Inc, Chadds Ford, PA 
Clinical Site:   Multicenter study of 8 investigative centers in the U.S.A 
Analytical Site:               

Phase of Study:  Phase 3 study 

Primary Objective: 
The primary objective for Part C2 of the study was to evaluate the maximum concentration (Cmax) 
of testosterone from TU 750 mg, given intramuscularly at baseline, at 4 weeks, and then every 10 
weeks thereafter, over the 10-week interval following the 2nd injection (through Day 14 post 
Injection 2), via multiple measurements of serum total testosterone, in up to approximately 20 
hypogonadal men. In order to provide a complete pharmacokinetic (PK) profile of TU 750 mg 
during the 2nd injection interval, Day 70 of the 2nd injection interval was included in the 
evaluations. 

Secondary Objectives: 
• To compare serum levels of dihydrotestosterone (DHT), estradiol, and sex hormone binding 

globulin (SHBG) to simultaneous levels of serum total testosterone 
• To evaluate safety in patients treated with TU 750 mg at baseline, at 4 weeks, and then every 

10 weeks thereafter, through up to 6 injections in hypogonadal men 
 

STUDY DESIGN: 

Drug Products:  Each  TU contained 4 mL of Testosterone undecanoate drug 
product, in a concentration of 250 mg/mL in oily solution. In this study, the dose 
administered was 750 mg TU in 3 mL oily solution. 
 

Part C2 was a multicenter, single-arm, open-label study with a planned enrollment of up to 20 
patients. Part C2 functioned as a second cohort to Part C. The treatment arm was TU 750 mg in 3 
mL (250 mg/mL) oily solution, injected intramuscularly into the buttock (deep gluteal muscle) at 
baseline, at 4 weeks and then every 10 weeks thereafter.  TU 750 mg was administered up to 6 
intramuscular injections (approximately 12 months/54 weeks).  Each dose comprised 3 mL of TU 
in oily solution (TU 750 mg) and was to be administered at 9 AM (±3 hours). The injection site 
was alternated for each consecutive injection (i.e., the left and right buttocks rotated from one 
injection to the next). 
 
All patients underwent intensive pharmacokinetic (IPK) assessments during the 2nd injection 
intervals. In addition, patients also underwent a trough (immediately prior to injection) 
pharmacokinetic (PK) assessment at each 10-week dosing interval visit through Injection 6.  
Safety was assessed throughout 6 injections (up to approximately 12 months/54 weeks). 
 
Part C had 4 defined periods: Screening, Baseline, Stage 1, and Stage 2: 
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Parameters Category/statistics 
All subject  
(N= 130) 

Male 23 Gender Female 0 
   

Mean ± SD 53.3 ± 10.35 Age (years) Range 30-71 
   

Mean ± SD 178.7 ±8.85 Baseline Height (cm) Range 160-196 
   

Mean ± SD 107.3 ±21.24 Baseline Weight (kg) Range 72-152 
   

Mean ± SD 33.6 ± 6.31 BMI (kg/m2) Range 23-48 
   

White 18 (78.3%) 
Asia 0 
Black 4 (17.4%) 
Hispanic 1 (4.3%) 

Race 

Other 0 
   

Mean ± SD 197.6 ± 75.81 Inclusion Screening Total 
Testosterone (ng/dL) Range 29 -279 

 

Pharmacokinetic Measurements: 
• Intensive PK samples were collected after the 2nd injection on Days 0 (pre-injection), 4, 7, 

11, 14, and 70. Theses intensive PK samples were used for the determination of serum total 
testosterone and DHT concentrations. 

• Trough concentrations (immediately prior to each injection) were measured at every injection 
visit until the end of the study (up to 6 injections) or at early discontinuation from the study.  

 
Data Analysis: 
PK: 
PK parameters AUC0-70days, Dose-normalized AUC, Cavg, Cmax, Dose-normalized Cmax, Ctrough, 
Tmax, Tlast were derived for each Intensive PK interval following the 2nd injection.  PK parameters 
were estimated using non-compartmental analysis within each patient using nominal (protocol-
scheduled) time.  Except Ctrough, all parameters were derived for each IPK interval where Ctrough 
was derived for both IPK and non-IPK injection intervals. WinNonLin® Professional version 5.3 
was used to derive PK parameters. 
 
Efficacy: 
The primary study endpoint was to be based on the total testosterone Cmax observed during the 
2nd injection interval through Day 14 post Injection 2. 
 
Primary Hypothesis: 
TU 750 mg given intramuscularly at baseline, at 4 weeks, and then every 10 weeks thereafter 
during the 2nd injection interval does not result in excessively high serum total testosterone 
values in hypogonadal men.  The primary hypothesis was tested as summarized below 
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Serum Total Testosterone Maximum Concentration 
(Cmax) Observed During the 3rd Injection Interval 

 
Criteria for Success

Not Meeting the 
Criteria for Success 

1500 ng/dL 85% of Patients <85% of Patients 

1800-2500 ng/dL 5% of Patients >5% of Patients 

>2500 ng/dL No Patients At least 1 patient 
All 3 criteria must be met in order to reject the null hypothesis in favor of the alternative hypothesis. 

 
Although the time period for assessment of this primary PK outcome, Cmax, was to be based on 
the post 2nd injection period through Day 14, Day 70 of the interval was included in the 
evaluation in order to provide a complete PK profile of TU 750 mg during the 2nd injection 
interval.  

Bioanalytical Analysis: 
The concentration of serum Testosterone (T)  and DHT in human serum samples were determined 
by using high performance liquid chromatography (HPLC) with tandem mass spectrometry 
(MS/MS) detection by   The bioanalysis 
procedures and acceptance criteria are the same in Part C and Part C2 and are discussed in detail 
in the Clinical Pharmacology Review by Dr. Doanh Tran dated 05/05/2008 for Part C. The part 
C2 (including stage 1 and 2) has acceptable reported precision and accuracy of assay runs.   
The method was appropriately validated (  validation report 2100-801).  Please see the 
Clinical Pharmacology Review by Dr. Doanh Tran dated 05/05/2008 for details of the validation 
report.  

RESULTS:

Efficacy:
 
The primary study endpoint was to be based on the total testosterone Cmax observed during the 
2nd injection interval through Day 14 post Injection 2. 
 
Cmax:
22 patients (95.7%) had a serum total testosterone Cmax value 1500 ng/dL; One patient (4.3%) 
had serum total testosterone Cmax of >1500 ng/dL, but less than 1800 ng/dL.   no patient had a 
Cmax value between 1800 and 2500 ng/dL or Cmax value >2500 ng/dL during the 2nd injection 
interval. The mean Cmax was 689.0 ng/dL.  Thus, the Cmax criteria for success were met during the 
2nd injection.  Therefore, TU 750 mg given intramuscularly at baseline, at 4 weeks, then at 10-
week intervals thereafter does not result in excessively high serum total testosterone values in 
hypogonadal men. 
 
Table C2-2.  Number (%) of Patients Meeting Serum Total Testosterone Cmax Criteria for
Success During the 2nd Injection Interval, Total Patient Sample / Pharmacokinetic Sample 
 
  

Criteria for Success 
C2-750 mg 

(N=23) 

Serum Total Testosterone Cmax

Observed During 2nd Injection 
  

1500 ng/dL 85% of Patients 22 (95.7%) 

Reference ID: 3314105

(b) (4)

(b) (4)







28 

No concentration >1100 ng/dL 22 (95.7%) 

Number (%) of Patients with At Least 1 Total Testosterone >1250 ng/dL  

At least 1 concentration >1250 ng/dL 1 (4.3%) 

No concentration >1250 ng/dL 22 (95.7%) 

Number (%) of Patients with At Least 1 Total Testosterone <300 or >1000 ng/dL  

At least 1 concentration <300 or >1000 ng/dL 14 (60.9%) 

No concentration <300 or >1000 ng/dL 9 (39.1%) 

 
Serum Dihydrotestosterone Concentrations 
 
The serum DHT concentration-time-curve was similar to that of total testosterone.  The mean 
ratio of DHT to total testosterone concentration dropped at Day 4 and then began to slowly rise 
following the 2nd injection of TU 750 mg.  
 

Figure C2-3. Mean (SD) Dihydrotestosterone (pg/mL) for the 2nd Injection Interval 
 

 
 
Figure C2-4. Mean (SD) Ratio of Dihydrotestosterone (ng/dL) to Total Testosterone (ng/dL) for 
the 2nd Injection Interval

Reference ID: 3314105





30 

n Mean Std. Dev. Min Median Max %CV Geometric 
Mean 

Screening 22 197.6 75.81 29.4 220.6 279.1 38.4 177.1 
Injection 1 23 210.4 81.68 27.3 226.1 419.7 38.8 189.6 
Injection 2 23 254.7 112.73 80.7 220.9 576.6 44.3 234.2 
Injection 3 23 317.4 105.31 135.8 298.9 487.5 33.2 299.1 
Injection 4 23 316.2 126.14 147.5 319.1 662.4 39.9 294.8 
Injection 5 22 374.7 161.76 163.9 346.7 865.6 43.2 345.0 
Injection 6 20 375.8 136.53 188.9 353.9 757.9 36.3 354.3 
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The Clinical Pharmacology review of NDA 22-219 resubmission (DFS, date 7/10/2009) 
recommended that NDA 22-219 was acceptable, provided that labeling recommendations 
are adequately addressed. This review amendment is to document that the sponsor has 
adequately addressed our labeling recommendations. The agreed labeling was submitted 
on 8/14/2009; it is attached in section 1.3 of this review amendment. 

1.1 Recommendation

The Division of Clinical Pharmacology 3/Office of Clinical Pharmacology finds NDA 
22-219 for testosterone undecanoate acceptable. 

1.2 Phase IV Commitments 

None

1.3 Labeling

The following is the agreed labeling. 

10 Pages of Draft Labeling have been Withheld in Full as b4 (CCI/
TS) immediately following this page.
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1 Executive Summary 

Testosterone undecanoate (TU) is an ester prodrug of testosterone (T). It is being 
proposed for the indication of T replacement therapy in males for conditions associated 
with a deficiency or absence of endogenous T. TU is proposed to be administered 
intramuscularly (IM) in the buttock. The dose being sought is 750 mg TU at start of 
therapy, 4 weeks later, and then every 10 weeks.  

Original NDA 22-219 was submitted on 8/27/2007. It was considered acceptable from a 
clinical pharmacology perspective pending labeling negotiation (Clinical Pharmacology 
review, DFS date, 5/5/2008). There were safety and chemistry, manufacturing, and 
controls (CMC) issues that prevented the approval of NDA 22-219 during the original 
review cycle. An Approvable Letter was issued on 6/27/2008 listing Clinical and CMC 
deficiencies. There was no Clinical Pharmacology deficiency listed in the Approvable 
letter.

In this resubmission, the sponsor provided responses to the Clinical and CMC 
deficiencies. No new pharmacokinetic (PK) information was provided. This review 
primarily involved labeling recommendations. 

A Clinical Pharmacology memorandum was entered into DFS on 5/13/2009 to document 
a labeling comment to Sponsor regarding the safety of administering the current TU 
product in patients with body weight < 65 kg. This comment was sent to Sponsor in an 
Information Request letter on 5/19/2009. The current labeling recommendations are 
included in section 2 of this review. 

The Sponsor requested a full waiver from the requirement to submit assessments of TU in 
pediatric patients (boys) <18 years old. The Division of Reproductive and Urologic 
Products (DRUP) recommended granting a full waiver because there are too few children 
with the condition to study. The full waiver was reviewed by the Pediatric Review 
Committee (PeRC) Pediatric Research Equity Act of 2007 (PREA) Subcommittee on 
4/29/2009. The PeRC agreed with the DRUP to grant a full waiver for this product. 

1.1 Recommendation

The Division of Clinical Pharmacology 3/Office of Clinical Pharmacology finds NDA 
22-219 for testosterone undecanoate acceptable, provided the labeling recommendations 
are adequately addressed. 

1.2 Phase IV Commitments 

None
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2 Labeling Recommendations 

Recommended revisions to the Sponsor’s proposed label are presented below. The 
additions are shown as double underlined and deletions are shown as strikethrough.

9 Pages of Draft Labeling have been Withheld in Full as b4 (CCI/TS) 
immediately following this page.
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1 Executive Summary 

1.1 Recommendation 
The Office of Clinical Pharmacology/ Division of Clinical Pharmacology 3 has reviewed NDA 22-
219. We find this NDA acceptable from a Clinical Pharmacology perspective, pending labeling 
discussion. 
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Ninety four percent of patients (110 of 117) (95% confidence interval, CI, 89.6 - 98.5) had serum 
total T Cave within the 300 – 1000 ng/dL range. Nine of 117 patients (7.7%) had Cmax > 1500 
ng/dL and no patient had Cmax  1800 ng/dL during the 3rd injection interval. However, analysis of 
the data from the 4th injection interval indicated that 4 of 100 patients (4%) had Cmax > 1800 ng/dL 
with values of 1994, 2000, 2178, and 2201 ng/dL, respectively. 
 
Single dose PK of 750 mg TU: 
The serum total T PK profile following a first injection of 750 mg TU (n=19) was similar to that at 
steady state but the Cmax and Cave values were lower. The mean (±SD) Cmax and Cave (over 84 
days dosing interval) were 611 (224) ng/dL and 328 (96) ng/dL, respectively. The median Tmax 
was 7 days. 
 
Effect of body mass index (BMI) on exposure to T following a 3rd injection of 750 mg: 
Post hoc exploratory analyses of data from study IP157-001 Part C indicate that baseline body 
weight and BMI were correlated with serum total T exposure. The mean total T Cave were 578, 
567, and 445 ng/dL for patients with baseline BMI of <26, 26-30, and >30 kg/m2, respectively. 
The respective mean Cmax were 1234, 1062, and 751 ng/dL for these 3 BMI groups. There was a 
trend that as body weight and BMI decreased, the exposure to total T increased. A similar trend 
was observed for both 750 mg and 1000 mg TU arms in study IP157-001 Part A following the 4th 
injection of the once every 12 weeks regimen. 
 
The sponsor excluded 2 patients from PK analysis of study IP157-001 Part C due to their pre-
treatment body weights being less than 65 kg. Only one patient (patient 031-7021) had serum T 
concentration available from the primary PK 3rd injection interval. He had a body weight of 59 kg 
and a BMI of 17.2. He exhibited high Cmax and Cave serum total T concentrations of 2888 ng/dL 
and 1164 ng/dL, respectively.  
 
Effects on other hormones: 
In addition to the increase in serum total T concentration following administration of IM TU, serum 
Free T, dihydrotestosterone (DHT) and estradiol (E2) were increased. TU administration did not 
affect concentration of sex hormone binding globulin (SHBG). The increases in serum DHT and 
E2 were expected since they are downstream metabolites of T. Because T binds mainly to SHBG 
and albumin, the increase in Free T concentration was consistent with the increase in total T and 
lack of SHBG effect. The concentration versus time profiles for Free T, DHT and E2 generally 
paralleled total T profile. The group mean concentrations at measured timepoints during the 3rd 
injection interval ranged from 203 – 544 pg/mL for Free T, 244 – 451 pg/mL for DHT, 14.4 – 35.6 
pg/mL for E2, and 18.9 – 20.1 nmol/L for SHBG. TU was also observed in serum, generally only 
at the earliest sampling times of 4 and 7 days post injection. Concentration values of DHTU were 
below the limit of quantification (LLOQ = 100 ng/dL) for all but a few samples. None of the 
samples in the 1000 mg dose group had measurable DHTU concentration. 
 
Method validation: 
The primary PK studies IP157-001 Part C and IP157-001 Part A used an HPLC/MS/MS assay for 
T and DHT and a separate HPLC/MS/MS assay for TU and DHTU. Both assays were validated 
and acceptable.  
 
 
Briefing: An optional inter-division Clinical Pharmacology briefing occurred on 4/15/2008 with the 
following in attendance: Edward D Bashaw, Myong-Jin Kim, Suresh Kaul, Harry Handelsman, 
Sandhya Apparaju, Chongwoo Yu, LaiMing Lee, Hyunjin Kim, and Lydia Velazquez. 
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2 Question Based Review 

2.1 General Attributes 

2.1.1 What is the proposed indication for testosterone undecanoate (TU)? 
TU is indicated for testosterone (T) replacement therapy in males for conditions associated with a 
deficiency or absence of endogenous T: 

 Primary hypogonadism (congenital or acquired) 
 Hypogonadotropic hypogonadism (congenital or acquired) 

2.1.2 What is male hypogonadism? 
Male hypogonadism is characterized by a deficiency of endogenous T production resulting in 
abnormally low concentrations of circulating T, i.e., serum T concentration of <300 ng/dL. Male 
hypogonadism is classified in primary and secondary causes. Primary or hypogonadotropic 
hypogonadism, congenital or acquired, may be derived from numerous causes, including 
testicular failure due to cryptorchidism, bilateral testicular torsion, orchitis, orchidectomy, 
Klinefelter’s syndrome, chemotherapy or toxic damage from alcohol or heavy metals. Secondary 
hypogonadism, congenital or acquired, is caused by idiopathic gonadotropin releasing hormone 
(GnRH) deficiency or pituitary-hypothalamic injury from tumors, trauma, or radiation. In the vast 
majority of cases, hypogonadism is related to a primary defect of the testes. Hypogonadism in 
adult men may vary with respect to the clinical presentation. T deficiency is accompanied by 
symptoms of different severity which include sexual dysfunction, reduced muscle mass and 
muscle strength, depressed mood and osteoporosis. 

2.1.3 What is the main goal of T replacement therapy (TRT)? What are the current 
pharmacologic treatments? 

T replacement has been used clinically to treat primary and secondary male hypogonadism. The 
goal of TRT is to achieve normal physiologic concentrations of T. This may help manage the 
symptoms associated with androgen deficiency. The available T replacement products include 
orally administered formulations, transdermal patches and gels, buccal formulations, as well as 
subcutaneous and intramuscular injections. 

2.1.4 What is Nebido? 
Nebido is a long-acting depot formulation of TU in castor oil and benzyl benzoate solution 
intended as T replacement therapy in adult males for conditions associated with a deficiency or 
absence of endogenous T. TU is an ester of T that is metabolized to the active T by cleavage of 
the undecanoic acid side chain, presumably via serum esterases. The dosage form is an oily 
solution of 250 mg/mL TU (equivalent to 157.9 mg/mL T) intended for intramuscular (IM) injection. 
An injection of 3 mL yields 750 mg TU   
 
Figure 1: Testosterone undecanoate 

 

(b) (4)
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Additionally, a secondary endpoint on Cmax is based on the criteria in table 1. The primary and 
secondary endpoints were assessed based on data from the 3rd injection interval of the TU 750 
mg LOADING regimen. 
 
Table 1: Decision criteria for Cmax 

 

2.2 General Clinical Pharmacology 

2.2.1 What is the pharmacokinetics of TU? 
 
Based on observed serum concentration of TU, T, dihydrotestosterone (DHT) and estradiol (E2) 
and known properties of T we can deduce that TU is metabolized to T and subsequently to DHT 
and E2. TU may also be metabolized, to a lesser extent, to dihydrotestosterone undecanoate 
(DHTU). No new data were provided on the metabolism of T. Sponsor relied exclusively on 
known properties of T based on class labeling of T replacement products to address distribution, 
metabolism, and excretion of T. Based on the most recent labeling approval for a T replacement 
product, the following is known: 
 
Distribution 
Circulating T is primarily bound in the serum to sex hormone-binding globulin (SHBG) and 
albumin. Approximately 40% of T in plasma is bound to SHBG, 2% remains unbound (free) and 
the rest is bound to albumin and other proteins. 
Metabolism
There is considerable variation in the half-life of T as reported in the literature, ranging from 10 to 
100 minutes. T is metabolized to various 17-keto steroids through two different pathways. The 
major active metabolites of T are E2 and DHT. 
Excretion 
About 90% of a dose of T given intramuscularly is excreted in the urine as glucuronic and sulfuric 
acid conjugates of T and its metabolites; about 6% of a dose is excreted in the feces, mostly in 
the unconjugated form. Inactivation of T occurs primarily in the liver. 
 
The remainder of this section will be divided into 3 main subsections to address the following: 1) 
PK of the TU-Loading regimen that is being sought in this NDA, 2) 1st injection PK up to 12 weeks 
post injection, and 3) PK of the standard 12-week regimen. 

2.2.1.1 What is the pharmacokinetics of TU following IM injections to the buttock using the TU 
750 mg LOADING regimen? 

 
The PK of the TU 750 mg LOADING regimen was examined in a Phase 3 study IP157-001 Part C 
entitled, ‘A Two-Arm, Open-Label, Randomized, Multi-Center Pharmacokinetic and Long-term 
Safety Study of Intramuscular Injections of 750 mg and 1000 mg TU In Hypogonadal Men.’ The 
study enrolled 130 male patients with primary or secondary hypogonadism at least 18 years of 
age with morning screening serum T concentration < 300 ng/dL. Each patient received 750 mg 
TU (250 mg/mL) in 3 mL oily solution, injected at baseline, 4 weeks later and then every 10 
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weeks thereafter. Study IP157-001 was divided into 2 stages. Stage 1 was from start of treatment 
through the end of the 3rd injection interval. Stage 2 was from the 4th injection through the 9th 
injection. Data for Stage 1 and the 4th injection interval part of Stage 2 were reported in this NDA. 
 
PK results: 

Steady state assessment: 
Assurance of the presence of steady state conditions during the 3rd injection interval is important 
because the PK parameters calculated from data obtained during the 3rd injection interval are 
used to help assess the safety and efficacy of chronic TU administration.  
 
Trough serum total T concentrations following the 2nd, 3rd, and 4th injection of the TU 750 mg 
LOADING regimen were used to assess whether steady state conditions were reached during the 
3rd injection interval. The mean data indicated that the serum T Ctrough values were similar at end 
of 2nd, 3rd, and 4th injection intervals (figure 2 and table 2). An analysis of individual data did not 
reveal any particular trend of shift in Ctrough with each subsequent injection (data not shown). A 
comparison of serum total T concentration at several time points post injection during the 3rd and 
4th injection intervals indicates similar PK profiles (figure 3). Together, these data indicated that 
steady state conditions were achieved during the 3rd injection interval. 
  
Figure 2: Mean (±SD) serum total T concentrations at each injection visit (trough) from pre-
treatment through 5th injection – Steady state PK population, study IP157-001 Part C 

 
Table 2: Descriptive statistics for Serum total T concentration at each injection visit 
(trough) from pre-treatment through 5th injection – weeks post-first injection – Steady State 
Population, study IP157-001 Part C Stage 1 and Stage 2 

 
 



 8

Figure 3: Comparison of serum total T concentrations between the 3rd and 4th injection 
intervals – Steady State PK population, study IP157-001 Part C 

 
 
 

It was noted that the mean steady state T average concentration (Cave) of the TU 750 mg 
LOADING regimen of 494.9 ng/dL (see Cave assessment below) is similar to the estimated steady 
state T Cave of 489 ng/dL following TU administration using the standard 750 mg regimen that 
uses a longer dosing interval of every 12 weeks (Study IP157-001 Part A and Section 2.2.1.5). 
Theoretically, the same dose given at shorter dosing interval of 10 weeks should yield a steady 
state Cave that is about 20% higher than one given every 12 weeks, assuming linear PK. This 
brings into questions whether the Cave following the 3rd dose of the TU 750 mg LOADING regimen 
truly represents steady state. A possible reason for the apparent lower than expected Cave of the 
TU 750 mg LOADING regimen relative to the every 12 weeks regimen may be differences in 
study cohorts. Another reason could be any potential differences in injection site properties due to 
the different washout times between injections (10 vs. 12 weeks). Mean pre-treatment body 
weight and baseline serum total T concentration were similar between the 2 cohorts. 
 
However, as noted previously the T Ctrough concentrations following the 2nd, 3rd, and 4th injections 
were similar, indicating that the 3rd dose interval would represent steady state conditions. 
Additionally, examination of individual Ctrough T concentrations following the 2nd, 3rd, and 4th 
injections did not reveal a specific increasing or decreasing trend with each subsequent injection. 
In the absence of convincing evidence to indicate that the 3 trough concentrations are erroneous, 
this reviewer concurs that steady state conditions have been achieved during the 3rd injection 
interval.  
 
Average serum concentration (Cave or Cavg, used interchangeably in this review) 
assessment: 
 
Cave was calculated by dividing the area under the concentration vs. time curve (AUC) from 0 to 
70 days by the dosing interval of 70 days. The primary analysis was based on the 3rd injection 
interval which represents steady state conditions. 
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Following TU injection at steady state, serum total T concentration rose to a mean Cmax of 891 
ng/dL at a median Tmax of 7 days. The T concentration declines gradually over the remainder of 
the 7-day dosing interval due to slow release of the drug from the injection site. The mean serum 
T concentrations was within the normal range of 300 – 1000 ng/dL throughout the dosing interval 
(figure 4). The mean (±SD) total T Cave was 494.9 (141.5) ng/dL. 5% of patients (6 of 117) had 
serum Cave < 300 ng/dL and did not get sufficient T replacement. 1 patient out of 117 had Cave > 
1000 ng/dL. 94% (95% CI 89.6 – 98.45) of patients (110 of 117) had serum total T Cave within the 
300 – 1000 ng/dL range. These data indicate that the TU 750 mg LOADING regimen met the 
primary Cave PK efficacy criteria. The validity of the statistical calculation is reviewed by the 
Statistics reviewer. 
 
Figure 4: Mean (±SD) serum total T concentrations following the 3rd injection interval of TU 
750 mg LOADING regimen (Study IP157-001 Part C) 

 
Figure 5: Composite of individual serum total T concentration following the 3rd injection of 
the TU 750 mg LOADING regimen – PK population, study IP157-001 Part C 
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Table 3: PK parameters of serum total T (ng/dL) following the 3rd injection interval of TU 
750 mg LOADING regimen (PK population, study IP157-001 Part C) 

 
 
Cmax assessment:  
 
The assessment of Cmax was based on the observed maximum serum T concentration in each 
individual during his 3rd injection interval using the PK population. Additional analyses of 1 patient 
excluded from the 3rd injection PK population and total T concentration from the sparse samplings 
during the 4th injection interval were also conducted.  
 
Based on the PK population (n=117), no patient experienced Cmax  1800 ng/dL during the 3rd 
injection interval (figure 5). Nine patients (7.7%) had Cmax > 1500 ng/dL (Table 4). The Cmax 
criteria were met based on the PK population.  
 
However, there was one patient in Part C (Patient 031-7021) who was excluded from the PK 
population due to a body weight below 65 kg. The sponsor indicated that this additional PK 
population exclusion criterion was added after the statistical analysis plan was finalized. It is not 
clear if the assay results were known to the sponsor before this exclusion criterion was added. 
This patient experienced serum T concentrations above 2500 ng/dL at 3 consecutive sampling 
days (days 4, 7, and 11) during the 3rd injection interval (figure 6). His serum total T Cmax and 
Cave were 2888 ng/dL and 1164 ng/dL, respectively. The sponsor indicated that the intended 
population for treatment with TU is hypogonadal men with a body weight of at least 65 kg. 
However, the protocol did not exclude patients based on body weight or BMI. This information 
should be considered for risk vs. benefit assessment and appropriate labeling should be done. 
This issue has been brought to the attention of the NDA review team for consideration. 
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2.2.1.2 What is the single-dose pharmacokinetics of TU following IM injection to the buttock? 
 
The sponsor did not capture the first dose PK in study IP157-001 using the TU 750 mg LOADING 
regimen. However, single dose PK of TU was characterized in 2 subgroups of patients enrolled in 
study IP157-001, Part A. Study IP157-001 Part A enrolled hypogonadal men of at least 18 years 
of age. First dose PK measurements were obtained from small subpopulations for both the 750 
mg dose (n=19) and 1000 mg dose (n=19). The sampling times are Day 0 (pre-dosing), Day 4, 7, 
11, 14, 21, 28, 42, 56, 70, and at the end of the injection interval Day 84 (pre-second injection).  
 
Serum T concentration was elevated following the first injection of 750 mg or 1000 mg TU with a 
median Tmax of 7 days. The IM depot formulation allowed for a prolonged profile of elevated 
serum T concentration. Most patients had Ctrough <300 ng/dL at the end of the 84-day dosing 
interval in this first dose PK assessment. 
 
Figure 7: By-treatment mean (+SD) serum total T concentrations over 84 days resulting 
from a single injection of TU - 1st IPK population (Study IP157-001 Part A) 

 
 



 13

Figure 8: Individual (n=19) serum total T concentrations during first injection interval of 
750 mg TU (Study IP157-001 Part A). 

 
Figure 9: Individual (n=19) serum total T concentrations during first injection interval of 
1000 mg TU (Study IP157-001 Part A). 
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Table 5: PK parameters of serum total T resulting from a single injection of TU – 1st IPK 
population in study IP157-001 Part A. 

 
 
Review note on the next 3 sections: 

Sections 2.2.1.3, 2.2.1.4, and 2.2.1.5 discuss the PK following the once every 12 weeks regimen. 
They are presented to provide 1) additional support for the TU formulation, 2) link to measured 
TU and DHTU concentrations that were not measured in the TU 750 mg LOADING regimen, and 
3) documentation that the 4th injection interval of the TU 1000 mg every 12 weeks regimen did not 
represent steady state and that it likely would not meet the Cmax criteria at steady state.  

(b) (4)

5 Page(s) has been Withheld in Full as B4 (CCI/TS) immediately 
following this page 
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appoximately 45%), with slightly higher standard deviations at the Tmax time points (Day 4 to Day 
7).  
 
Reflecting the parallel tracking of Free T to T, the mean ratios of Free T:T remained relatively 
constant. The average ratios remained essentially unchanged from pre-treatment, ranging on 
average from 0.060 to 0.065. 
 
Figure 14: Free T and ratio of Free T to total T following the 3rd injection of TU 750 mg 
LOADING – PK population, study IP157-001 Part C 

 
 
DHT concentration: 
 
Average DHT concentrations closely paralleled total T concentrations but had smaller magnitude 
of increase at Tmax (figure 15). Average DHT concentrations were in the range of approximately 
250 – 450 ng/dL. Variability was moderate at most time points (CV%, 50% to 70%), with slightly 
higher standard deviations at the Tmax time points (Day 4 to Day 7).  
 
Reflecting the parallel tracking of DHT to T, the mean ratios of DHT:T remained relatively 
constant. The DHT:T ratios ranged from, on average, 0.05 to 0.07, with relatively low variability 
observed across the time points. 
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Figure 15: DHT and ratio of DHT to total T following the 3rd injection of TU 750 mg 
LOADING – PK population, study IP157-001 Part C 

 
 
 
E2 concentration: 
 
Average E2 concentrations generally paralleled total T concentrations (figure 16). Average E2 
concentrations tended to remain within the normal range of 0 – 35 pg/mL (as provided by the 
central laboratory). E2 tended to demonstrate higher relative variability than the other hormones 
(CV%,,55% -80%).  
 
Reflecting the parallel tracking of E2 to T, the mean ratios of E2:T remained relatively constant. 
The average on-treatment ratios remained similar to the average pre-treatment ratios. The E2:T 
ratios ranged from, on average, 0.004 to 0.005, with relatively low variability observed across the 
time points. 
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Figure 16: E2 and ratio of E2 to total T following the 3rd injection of TU 750 mg LOADING – 
PK population, study IP157-001 Part C 

 
 
 
SHBG concentration: 
 
Average SHBG concentrations remained constant (figure 17) and similar to the baseline values 
obtained prior to injection 1 (mean ± SD of 20.3 ± 8.6 nmol/L). Average SHBG concentrations 
tended to remain within the lower end of the normal range of 13 – 71 nmol/L (as provided by the 
central laboratory). Variability was moderate at all time points (CV%, 40% - 50%). Data from 
study IP157-001 Part A showed that the average SHBG concentrations were similar between the 
1st and 4th injection, indicating that TU administration did not affect SHBG concentration. 
 
The mean ratios of SHBG:T tended to drop immediately following the injection (at the Day 4 time 
point). Based on the stable mean SHBG concentrations during the interval, the changes in the 
ratio were due to the changes in T concentrations (and not changes in SHBG concentrations). 
The SHBG:T ratios ranged from, on average, 0.02 to 0.06, with relatively low variability observed 
across the time points. 
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Figure 17: SHBG and ratio of SHBG to total T following the 3rd injection of TU 750 mg 
LOADING – PK population, study IP157-001 Part C 

 
 

2.2.4 What is the serum concentration of TU and DHTU following IM administration of TU? 
Serum TU and DHTU were assessed following the first injection (1st IPK subgroup) and the 4th 
injection (PK population) in study IP157-001 Part A for both 750 mg and 1000 mg once every 12 
weeks regimens. They were not assessed in Part C of same study. Since the dose and 
formulation being sought in the NDA, namely 750 mg in oil, are the same as the 750 mg dose 
used in Part A, the relative concentration of TU and DHTU obtained in part A should provide 
reasonable estimates of the relative concentration to be expected in Part C even thought he 
dosing schedules are different between Part A and Part C. 
 
TU: TU concentration was measurable in human serum following IM administration of TU 750 mg 
and 1000 mg. The observed individual concentration vs. time profiles were generally 
discontinuous with many samples being below the limit of quantitation (BLQ, LLOQ = 50 ng/dL). 
Most patients had one or two measurable samples to give a peak of TU concentration (usually on 
Day 4, the first measured time point post injection, and declined on Day 7) with other sampling 
times listed as BLQ. The data suggest that the true peak of TU might have occurred before Day 4 
post injection. The highest observed serum TU concentrations were 1220 and 735 ng/dL 
following administration of 750 and 1000 mg TU doses, respectively. They were both observed 
during the 4th injection interval, Day 4. Figure 18 shows the mean (+SD) of serum TU 
concentrations following IM administration of TU (Note that BLQ samples were set to be zero and 
there were large numbers of BLQ samples. 
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Figure 18: TU concentration following the 1st and 4th injections of TU (1st dose IPK 
population and PK population, study IP157-001 Part A). 

 
 
DHTU: As measured in Study IP157-001, Part A, (1st and 4th injection intervals), concentration 
values of DHTU were below the limit of quantification (LLOQ = 100 ng/dL) for all but a few 
samples. There were 3 measurable samples with concentrations of 101, 170, and 238 ng/dL. 
They came from 3 separate patients. None of the samples in the 1000 mg dose group had 
measurable DHTU concentration. 

2.2.5 How were the doses chosen for Phase 3 study? 
 
Prior to conduct of study IP157-001, a single dose PK study of 1000 mg TU was evaluated in 
phase 1 study JPH01495 (n=14 hypogonadal men) in Europe. This study evaluated serum total T 
up to 8 weeks post dose. The results showed a mean Cmax of approximately 700 ng/dL. The 
median (range) Tmax was 14 (3 – 21) days. Mean T1/2 was 53.46 days. One subject had serum 
total T concentration exceeding the upper limit of 1000 ng/dL on measurement days 3, 5, and 7. 
This subject had a Cmax of 1177 ng/dL three days after TU injection. Figure 19 shows the mean 
total T PK profile for study JPH01495. 
 
Figure 19: Mean ± SD serum total T from a single injection of TU from an early phase 1 
study JPH01495 (n=14). 
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from the failed analysis runs showed that the original tube results were still high while the backup 
tube results were near or below the limit of quantitation. Examination of the TU PK profile in this 
subject shows the typical expected profile with TU’s Tmax at day 4. Samples at day 21 post dose 
and beyond were all below LOQ of 50 ng/dL. It is likely that the sample at week 48 (84 days post 
dose) would be very low as suggested by the backup tube results. It is acceptable that this 
sample is listed as not reportable. 
 
Bioanalytical report for Part C: 
 
The bioanalysis procedures and acceptance criteria for Part C are the same as that described 
above for Part A. The reported precision and accuracy of assay runs during analysis of Part C 
were acceptable. 

2.6.2 What are the bioanalytical methods used in supporting study JPH01495? 
 
The 11 supporting studies (listed in section 2.1.6) used commercially available RIA or 
electrochemoluminesence immunoassay to assay T and its metabolites. Full method validation 
reports for the various assays were not available. Studies ME98096 and ME97029 used a 
commercially available RIA kit “Coat-A-Count total testosterone solid-phase RIA” by Diagnostic 
Corporation DPC, Biermann GmbH, Grmany. Study 306605 used a commercially available 
electrochemoluminescence immunoassay (Roche Elecsys). Studies JPH01495 and JPH04995 
used the RIA described below. 
 
Bioanalytical report with assessment of quality control samples was provided for study 
JPH01495.  A commercially available RIA kit was used (Double antibody radioimmunoassay for 
testosterone, Kit DSL-4100, Diagnostic System laboratories, Sinsheim, Germany) was used for 
the determination of T in human serum. This kit was also used in study JPH04995 and its 
extensions.  
 
The DSL-4100 T assay has a calibration range of up to 86.7 nmol/L or 2500 ng/dL. The calibrator 
concentrations are 0.0, 0.4, 1.7, 8.7, 34.7, 86.7 nmol/L. The manufacturer stated the assay has a 
lower limit of detection of 0.17 nmol/L and an intra-assay precision of <10% for quality control 
(QC) concentrations of 1.8, 17.5, and 3.19 nmol/L. In the sponsor’s laboratory, the intra-assay 
and inter-assay precision did not meet current standards for bioanalytical assays (i.e., within 
±20% at LLOQ and ±15% at other concentrations). The inter-assay precision CV% for 3 QC 
concentrations of 3.1, 18, and 41 nmol/L were 16.9, 7.9, and 7.4% at start of assay, respectively. 
Similar variability was observed when the quality control samples were assessed at the end of the 
assay. Accuracy were acceptable for the 2 higher QC concentration (i.e., within the range of 85 – 
115% nominal value). However, the intra-assay accuracy of the 3.1 nmol/L QC were usually off 
by 40 – 50% with overall inter-assay accuracy of 66.8% at start of assay and 57.1% at end of 
assay. This assay was not accurate at the lower end of the calibration curve. 
 
 
3 Detailed Labeling Recommendations 

Labeling was not reviewed at the time of this review. 
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4 Appendices 

4.1 Proposed labeling (Original and Annotated) 

Labeling was not reviewed at the time of this review. 

4.2 Individual Study Reviews 

Individual study review for the 2 phase 3 studies, namely Study IP157-001 Part A and Study 
IP157-001 Part C, are included at the end of this review. 

4.3 Consult Review  

There is no consult review for this NDA. 

4.4 Cover sheet and OCPB Filing/Review Form 

They are attached at the end of the document. 
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Individual study review of study IP157-001, Part C, Stage 1 and part of Stage 2 
 
Title:
A Two-Arm, Open-Label, Randomized, Multi-Center Pharmacokinetic and Long-term Safety 
Study of Intramuscular Injections of 750 mg and 1000 mg Testosterone Undecanoate (TU) In 
Hypogonadal Men. (Note: Part C evaluated only one specific regimen using the 750 mg dose) 
 
Primary objectives: 
 To evaluate the pharmacokinetics of TU 750 mg, given at baseline, at 4 weeks, and then 

every 10 weeks thereafter, over the 10-week interval following the 3rd injection, via multiple 
measurements of serum total T, in up to approximately 130 hypogonadal men. This dosing 
regimen (with a 4-week loading injection and injections every 10 weeks thereafter) is referred 
to as TU 750 mg LOADING. 

 
Secondary objectives: 
 To evaluate the pharmacokinetics of TU 750 mg LOADING over the 10-week interval 

following the 4th injection, via multiple measurements of serum total T  
 To compare serum levels of DHT, E2, and SHBG to simultaneous levels of serum total T over 

the 3rd injection interval.  
 To evaluate safety in patients treated with TU 750 mg LOADING, through up to 9 injections in 

hypogonadal men. 
 
Study design: 
Part C is a multicenter, 1-arm, open-label part of the study. The treatment arm was:  
 
 TU 750 mg LOADING: Each patient received 750 mg TU (250 mg/mL) in 3 mL oily solution, 

injected at baseline, 4 weeks later and then every 10 weeks thereafter.  
 
Select inclusion criteria: 
 Male with primary or secondary hypogonadism at least 18 years of age  
 Morning screening serum T concentration < 300 ng/dL  
 If receiving endocrine replacement hormones (e.g., thyroid), antihypertensives, lipid lowering 

agents, antidepressants or anxiolytic medications, the dose must be stable for at least 28 
days prior to the first administration of the study drug OR is not currently on such 
medications.  

 
Reviewer’s note: 2 enrolled patients (Patient 065-7121 and Patient 031-7021) had body weight 
<65kg and they were discontinued. PK data obtained from patient 031-7021 were excluded from 
PK assessment for the 3rd injection interval. This patient had serum total T concentration above 
2500 ng/dL on days 4, 7, and 11 post 3rd injection. 
 
The study enrolled 130 patients. All patients were to undergo intensive pharmacokinetic (IPK) 
assessments during the 3rd injection interval. The study has 4 defined periods: Screening, 
Baseline, Stage 1, and Stage 2.  
 
 Screening: Approximately 1-5 week screening period (washout from select prior T 

replacement therapies may have extended this period for some patients)  
 Baseline: Final pre-study measurements were captured and patients were enrolled.  
 Stage 1: The first 3 injection intervals (through the 4th injection visit). This included the first 

injection at the Baseline visit. The end of Stage 1 was the 4th injection visit. This Stage 1 
analysis and report includes only data through the 4th injection visit, and is the primary 
analysis for this Part of the study submitted in support of the NDA.  

 Stage 2: (Long-term safety extension): The study will continue following the 4th injection visit, 
with 5 additional injections (at 10-week intervals) during an extended treatment phase. The 
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Stage 2 analysis will include all patients and all data. At FDA’s request, the sponsor provided 
serum T concentration obtained during the 4th injection interval in this NDA. 

 
 
PK samples collection: 
 
 Intensive PK (IPK) collection: After the 3rd injection was given, PK draws were collected at 

Day 0 (pre-3rd injection), 4, 7, 11, 14, 21, 28, 42, 56, and 70 (pre-4th injection), where the 4th 
injection visit was defined as the end of the injection interval. The following were measured: 
Serum total T, free T, DHT, E2, and SHBG. TU and DHTU were not assessed in Part C. 

 Additional PK collection: After the 4th injection was given, PK draws were collected at Day 0 
(pre-4th injection), 4, 7, 11, 42, and 70 (pre-5th injection), where the 5th injection visit was 
defined as the end of the injection interval. 

 Trough T concentrations will be collected at each injection visit up to the 9th injection in stage 
2. 

 
The primary analysis for Part C was based on the post-3rd injection IPK collections. Patients 
continued to have sampling for PK assessment during the 4th injection interval and trough 
samples (prior to each injection) captured at each 10-week dosing interval visit through the 
remainder of the study.  
 
Drug product: 
Each  TU contained 4 mL of drug product, in a concentration of 250 mg/mL. In this 
study, the dose administered was 750 mg TU in 3 mL oily solution. Injections were made into the 
deep gluteal muscle.  
 
Study schedule: 
Table 18: Schedule of events for TU 750 mg LOADING (study IP157-001 Part C) 

 
 

(b) (4)
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Table 20: Patient Accounting (Study IP157-001 Part C) 

 
 
One patient was excluded from PK analysis dues protocol violation. Patient 002-7022 was 
confirmed as taking concomitant DHEA, a known androgenic steroid hormone that was prohibited 
in this study (based on Exclusion Criteria 16). The T concentration values from this patient were 
excluded from the pharmacokinetic analyses. 
 
Efficacy results: 
 
Steady state conditions were determined to have been achieved following the third injection 
interval (Please see discussion at the end of this section and within the QBR for details). The 
primary efficacy (Cave) and safety (Cmax) assessments were based one the intensive PK collection 
during the 3rd injection interval of the TU 750 mg LOADING regimen. 
 
The mean serum T concentrations were within the normal range of 300 – 1000 ng/dL throughout 
the dosing interval (figure 22 and table 21). The mean (±SD) total T Cave was 494.9 ± 141.5 
ng/dL. 94% (95% CI 89.6 – 98.45) of patients had serum total T Cave within the 300 – 1000 ng/dL 
range. 
 
Figure 22: Mean (±SD) serum total T concentrations following the 3rd injection interval of 
TU 750 mg LOADING regimen (Study IP157-001 Part C) 
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Figure 23: Composite of individual serum total T concentration following the 3rd injection 
of the TU 750 mg LOADING regimen – PK population, study IP157-001 Part C 

 
Table 21: Serum total T concentrations (ng/dL) over 70 day following the 3rd injection 
interval of TU 750 mg LOADING regimen (PK population, Study IP157-001 Part C) 
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Table 22: PK parameters of serum total T (ng/dL) following the 3rd injection interval of TU 
750 mg LOADING regimen (PK population, study IP157-001 Part C) 

 
Table 23: Number (%) of patients (and 95% CI) meeting Cave criteria – PK population, studu 
IP157-001 Part C 

 
 
Steady state assessment: 
 
Trough serum total T concentrations following the 2nd, 3rd, and 4th injection of the TU 750 mg 
LOADING regimen was used to assess whether steady state conditions were reached during the 
3rd injection interval. The mean data indicates that the serum T Ctrough values were similar at end 
of 2nd, 3rd, and 4th injection interval. An analysis of individual data did not reveal any particular 
trend of shift in Ctrough with each subsequent injection (data not shown). This is consistent with the 
mean data. A comparison of serum total T concentration at several time point post injection 
during the 3rd and 4th injection intervals indicates similar PK profiles. Together, these data indicate 
that steady state conditions were achieved during the 3rd injection interval. 
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Figure 24: Mean (±SD) serum total T concentrations at each injection visit (trough) from 
pre-treatment through 5th injection – Steady state PK population, study IP157-001 Part C 

 
Table 24: Descriptive statistics for Serum total T concentration at each injection visit 
(trough) from pre-treatment through 5th injection – weeks post-first injection – Steady State 
Population, study IP157-001 Part C Stage 1 and Stage 2 
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Figure 25: comparison of serum total T concentrations between the 3rd and 4th injection 
intervals – Steady State PK population, study IP157-001 Part C 

 
 
 
Cmax assessment:  
 
Based on the PK population, no patient experienced Cmax  1800 ng/dL during the 3rd injection 
interval. Nine patients (7.7%) had Cmax > 1500 ng/dL (Table 25). The Cmax criteria were met based 
on the PK population. However, there was one patient in Part C (Patient 031-7021) who was 
excluded from the PK population due to a body weight below 65 kg. This patient did experience a 
T concentration above 2500 ng/dL during the 3rd injection interval (figure 26). The sponsor 
indicated that the intended population for treatment with TU is hypogonadal men with a body 
weight of at least 65 kg. This information should be considered for risk vs. benefit assessment 
and appropriate labeling should be done. 
 
Table 25: Summary of Cmax assessment of serum total T concentrations during the 3rd

injection interval compared to Cmax thresholds approvability criteria – PK population, study 
IP157-001 Part C 
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Table 26: Secondary efficacy outcomes during the 3rd injection interval of TU 750 mg 
LOADING regimen – PK population, study IP157-001 Part C 

 
 
Effect of body weight and BMI on serum total T concentration: 
 
Sponsor conducted exploratory correlation analysis and revealed that, consistent with finding in 
Part A of Study IP157-001, the pre-injection T concentration, the pre-treatment body mass index 
(BMI) of the patient, and the pre-treatment body weight of the patient were each predictive of T 
exposure. Higher serum T concentration can be expected from patients with higher pre-injection 
T concentration, lower BMI, or lower body weight. The data are not sufficient to predict serum T 
exposure following TU injections on an individual patient basis. 
 
Table 27 shows the mean (SD) for serum total T Cmax and Cave stratified by BMI of <26, 26-30, 
and >30 kg/m^2. The group with the lowest BMIs had the highest mean T exposure and the 
group with the highest BMIs had the lowest mean T exposure. The patients in the BMI <26 group 
had BMI in the range of 22.9 – 25.9 kg/m2. 
 
Table 27: Mean (SD) serum total T Cave and Cmax during the 3rd injection interval by BMI 
subgroups – PK population, study IP157-001 Part C 
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While the pre-dose and trough T concentrations were similar across the BMI subgroups, patients 
in the highest BMI category tended to have the lowest average T concentration through the 
majority of the steady state dosing interval. Figure 27 provides the average concentration-time 
profiles for T by BMI subgroup. 
 
Figure 27: Mean serum total T concentration by time point during 3rd injection interval by 
BMI subgroups – PK population, study IP157-001 Part C 
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Serum Free T concentration: 
 
Average Free T concentrations generally paralleled total T concentrations (figure 28). Average 
Free T concentrations were generally above the normal range of 50 – 210 pg/mL (as provided by 
the central laboratory). Variability was moderate at most time points (coefficients of variation 
averaged around 45%), with slightly higher standard deviations at the Tmax time points (Day 4 to 
Day 7).  
 
Reflecting the parallel tracking of Free T to T, the mean ratios of Free T:T remained relatively 
constant. The average ratios remained essentially unchanged from pre-treatment, ranging on 
average from 0.060 to 0.065. 
 
Figure 28: Free T and ratio of Free T to total T following the 3rd injection of TU 750 mg 
LOADING – PK population, study IP157-001 Part C 
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DHT concentration: 
 
Average DHT concentrations generally paralleled total T concentrations but had smaller 
magnitude of increase at Tmax (figure 29). Average DHT concentrations were in the range of 
approximately 250 – 450 ng/dL. Variability was moderate at most time points (coefficients of 
variation averaged around 50% to 70%), with slightly higher standard deviations at the Tmax time 
points (Day 4 to Day 7).  
 
Reflecting the parallel tracking of DHT to T, the mean ratios of DHT:T remained relatively 
constant. The DHT:T ratios ranged from, on average, 0.05 to 0.07, with relatively low variability 
observed across the time points. 
 
Figure 29: DHT and ratio of DHT to total T following the 3rd injection of TU 750 mg 
LOADING – PK population, study IP157-001 Part C 
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Estradiol concentration: 
 
Average E2 concentrations generally paralleled total T concentrations (figure 30). Average E2 
concentrations tended to remain within the normal range of 0 – 35 pg/mL (as provided by the 
central laboratory). E2 tended to demonstrate higher relative variability than the other hormones 
(as measured by the coefficients of variation for E2 concentrations, which ranged from 55% to 
upwards of 80%).  
 
Reflecting the parallel tracking of E2 to T, the mean ratios of E2:T remained relatively constant. 
The average on-treatment ratios remained similar to the average pre-treatment ratios. The E2:T 
ratios ranged from, on average, 0.004 to 0.005, with relatively low variability observed across the 
time points. 
 
Figure 30: E2 and ratio of E2 to total T following the 3rd injection of TU 750 mg LOADING – 
PK population, study IP157-001 Part C 
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SHBG concentration: 
 
Average SHBG concentrations remained constant (figure 31) and similar to baseline values. 
Average SHBG concentrations tended to remain within the lower end of the normal range of 13 – 
71 nmol/L (as provided by the central laboratory). Variability was moderate at all time points 
(coefficients of variation averaged around 40 to 50%).  
 
The mean ratios of SHBG:T tended to drop immediately following the injection (at the Day 4 time 
point). Based on the stable mean SHBG concentrations during the interval, the changes in the 
ratio were due to the changes in T concentrations (and not changes in SHBG concentrations). 
The SHBG:T ratios ranged from, on average, 0.02 to 0.06, with relatively low variability observed 
across the time points. 
 
Figure 31: SHBG and ratio of SHBG to total T following the 3rd injection of TU 750 mg 
LOADING – PK population, study IP157-001 Part C 
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Special note: 
 
The sponsor indicated because T concentrations above 1800 ng/dL were identified in the FDA 
Cmax threshold criteria as important values of interest, whenever a T concentration was originally 
found to be above the FDA threshold of 1800 ng/dL, the sample was re-assayed in duplicate by 
the bioanalytical laboratory to confirm the finding. The mean of the repeats was derived and used 
in the PK assessments for these values. There were 6 samples that were reassayed for this 
reason. All 3 raw T concentrations (the original and the 2 repeat values) as well as the reported 
value (median) and the mean of the repeats for these 6 samples are listed in Table 30.  
 
Table 30: List of all serum total T concentration values exceeding 1800 ng/dL during 4th

injection interval – PK population, study IP157-001 Part A 

 
 
Reviewer’s notes: This method of select reanalysis on samples with concentration >1800 ng/dL 
introduces bias to the results. As observed in this report, all reanalysis samples reported lower 
concentrations than the original results. Additionally, the sponsor chose to use the mean of 
repeats rather than the usually applied method of using the median of original and the duplicate 
repeats. Depending on whether the original, median of original and repeats, or mean of the 
repeats was used, the number of patients with Cmax >1800 ng/dL were 6, 5, or 4, respectively. 

The small decreases in total T concentration due to these reassays should not significantly affect 
the calculation of Cave. 
 
PK Population: 
Pharmacokinetic assessments were to be performed on those patients who receive the 4th 
injection and complete the 4th injection interval pharmacokinetic assessments. Patients in the PK 
Population were to be used for all PK summaries and for all summaries of the metabolites and 
other hormone assessments. Patients were to be included in the PK Population if they satisfied 
the following:  
 
 Patients must have had a minimum of 4 T concentration values within the 4th injection dosing 

interval. The 4 values could include the Day 0 and/or Day 84 values.  
 If any patients were found to be noncompliant with respect to dosing or have incomplete data, 

a decision was to be made on a case-by-case basis as to their inclusion in the PK Population.  
 
1st IPK subgroup:  
A separate population was to be identified as the patients who had intensive PK collected during 
the 1st injection interval. This population was to have no more than 20 patients per treatment 
group.  
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 Patients must have had a minimum of 4 T concentration values within the 1st injection dosing 
interval. The 4 values could include the Day 0 and/or Day 84 values. 

 
1st and 4th IPK population:  
A separate population was to be identified as the patients who had intensive PK collected during 
both the 1st and 4th injection intervals. The intent of this population was to allow for comparison 
of the PK from the 1st interval to the 4th interval, for derivation of accumulation ratios for AUC 
and Cmax.  
 
Table 31 list the number of patients in each population. 
 
Table 31: Patient samples for analysis (Study Ip157-001 Part A) 

 

 
 

(b) (4)

(b) (4)
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1st IPK population: 
This study included an intensive PK sampling (in a subgroup of 20 patients per treatment group) 
for T concentrations during the 1st injection interval. The intent of this sampling was to allow for a 

(b) (4)
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characterization of the T PK profile over the 12 weeks following the 1st injection of either the TU 
750 mg or TU 1000 mg dose. PK sampling was performed in this subgroup of patients pre- 1st 
injection and then following the 1st injection at Days 4, 7, 11, 14, 21, 28, 42, 56, 70, and the end 
of the injection interval at Day 84, ie, at the 2nd injection visit. Further sampling was performed in 
this IPK subgroup at Days 42, 56 and 70 post 2nd injection and post 3rd injection. 
 
Figure 36 shows the mean PK profile for a single dose of either 750 or 1000 mg TU given IM to 
the buttock to hypogonadal men. Figures 37 and 38 show composites of the individual PK 
profiles. Table 40 shows the PK parameters for single dose TU. Please note that baseline 
correction was not used because the goal of TRT is to return the serum T concentration 
(regardless of endogenous or exogenous contribution) in hypogonadal men to its normal 
physiologic concentration. 
 
Serum T concentration is elevated following the first injection of 750 mg or 1000 mg TU with a 
median Tmax of 7 days. The IM depot formulation allowed for a prolonged profile of elevated 
serum T concentration. Most patients had Ctrough <300 ng/dL by the end of the 84-day dosing 
interval in this first dose PK assessment. 
 
Figure 36: By-treatment mean (+SD) serum total T concentrations over 84 days resulting 
from a single injection of TU - 1st IPK population (Study IP157-001 Part A) 
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Figure 37: Individual (n=19) serum total T concentrations during first injection interval of 
750 mg TU (Study IP157-001 Part A). 

 
 
Figure 38: Individual (n=19) serum total T concentrations during first injection interval of 
1000 mg TU (Study IP157-001 Part A). 
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Table 39: Serum total T concentrations (ng/dL) following the 1st injection of TU – 1st IPK 
population, study IP157-001 Part A 

 
 
Table 40: PK parameters of serum total T resulting from a single injection of TU – 1st IPK 
population in study IP157-001 Part A. 

 
 
 
Second and third injection T concentrations: 
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The analysis in this section includes data from the 1st and 4th IPK Population, which included 16 
patients in each group. Patients must have completed IPK in both the 1st and the 4th injection 
intervals in order to be included in this population. 
 
Figures 39 and 40 show the serum T concentrations vs. time post-injection for the 750 mg and 
1000 mg doses, respectively. Based on the sparse samplings on days 0, 42, 56, 70, and 84 post-
injection, the serum T concentrations increases with each subsequent injection but there appears 
to be a similar profile across the injection intervals. 
 
Figure 39: TU 750 mg mean total T concentrations during first, second, third, and 4th

injection intervals (Days 0, 42, 56, 70, and 84 within each interval) – 1st and 4th IPK 
population, study IP157-001 Part A 

 
 
Figure 40: TU 1000 mg mean total T concentrations during first, second, third, and 4th

injection intervals (Days 0, 42, 56, 70, and 84 within each interval) – 1st and 4th IPK 
population, study IP157-001 Part A 
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Factors associated with T Exposure 
 
Sponsor investigated several factors that may have been predictive of T exposure, as measured 
by PK parameters Cmax and Cave during the 4th Injection interval. Included in this assessment 
were variables for age, pre-treatment or pre-dose T concentration, baseline BMI (or baseline 
weight), prior TRT use, and race.  
 
This exploratory analysis revealed that most of these variables were not predictive of Cmax or Cave. 
Three variables were predictive of exposure for both treatment groups: the pre-injection T 
concentration, the pre-treatment body mass index (BMI) of the patient, and the pre-treatment 
body weight of the patient.  
 
As expected, patients with a higher pre-dose T (i.e., their Day 0 T concentration collected on the 
day of the 4th injection) tended to have a higher Cmax  and Cave during the 4th injection interval 
compared to patients with a lower pre-dose T. The strength of this association was not sufficient 
to allow for prediction of individual patient values for Cmax  or Cave, but was sufficient to allow for 
an overall population-based conclusion that patients with higher pre-injection T tended to have 
slightly higher PK exposure when at steady state. [Note that the association between pre-dose T 
and post-dose T concentrations was not detected for the 1st injection; patients in the study were 
required to have a pre-treatment T below 300 ng/dL (thus, all patients had T below the lower limit 
of normal to start with), and only 19 patients in each arm had  the intensive serum sampling 
during the 1st injection interval (the small sample size limiting the sensitivity of any subgroup 
assessments).] 
 
To demonstrate the association between pre-injection T and post-injection T, subgroups were 
defined (in a post-hoc manner) by their pre-4th injection T concentrations using the following 
classifications;  
 
 T < 300 ng/dL  
 T between 300 and 450 ng/dL  
 T > 450 ng/dL.  

 
For both treatment arms, patients in the lowest T subgroup (those patients with a pre-fourth 
injection T < 300 ng/dL) had approximately 25% less exposure to T than patients in the highest T 
subgroup (i.e., those patient with a pre-4th injection T > 450 ng/dL). 
 
Pre-treatment (study baseline) BMI and weight were both univariately (and similarly) predictive of 
these PK parameters. The univariate association between BMI (and weight) and exposure was 
characterized by lower average Cmax  and Cave values as average BMI (and weight) increased. 
For both treatment arms, patients in the highest BMI subgroup had approximately 25% less 
exposure to T than patients in the lowest BMI subgroup (table 41). These differences were 
observed despite of similar pre-injection T concentrations among the BMI subgroups. 
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Table 41: Summary of mean (SD) serum total T Cave and Cmax during 4th injection intervals 
by BMI subgroups – PK population, study IP157-001 Part A 

 
 
Figure 41: TU 750 mg mean serum total T concentration during 4th injection interval by BMI 
subgroups – PK population, study IP157-001 Part A 

 
Figure 42: TU 1000 mg mean serum total T concentration during 4th injection interval by 
BMI subgroups – PK population, study IP157-001 Part A 

 
 
Hormones and T 
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Administration of exogenous T may lead to changes of other hormones and factors such as free 
T concentration (from unbound T), E2 (from metabolism of T), DHT (from metabolism of T), and 
SHBG. Serum free T, E2, DHT, and SHBG concentration were measured and compared to 
normal ranges. Their ratios to total T were also evaluated. 
 
Serum Free T concentration: 
For both treatment groups, average Free T concentrations generally paralleled T concentrations 
following both the 1st injection and the 4th injection. Average Free T concentrations tended to 
remain within or above the normal range of 50 – 210 pg/mL (as provided by the central 
laboratory), with concentrations of Free T in the TU 1000 mg arm higher than those in the TU 750 
mg arm at most time points post-1st and 4th injection. Variability was moderate at most time 
points (coefficients of variation averaged around 40%), with slightly higher standard deviations at 
the Tmax time points (Day 7 to Day 14). 
 
Reflecting the parallel tracking of Free T to T, the mean ratios of Free T:T remained relatively 
constant throughout the 1st and 4th injection intervals. The average ratios remained essentially 
unchanged from pre-treatment through the 4th injection time points, ranging on average from 
0.045 to 0.060. 
 
Figure 43: Free T concentration and ratio of free T to total T following the 1st and 4th

injection of TU – 1st IPK population and PK population, study IP157-001 Part A 

 
 
DHT: 
For both treatment groups, average DHT concentrations generally paralleled T concentrations 
following both the 1st injection and the 4th injection. Average DHT concentrations were in the 
range of approximately 200 – 500 ng/dL, with concentrations of DHT in the TU 1000 mg arm 
higher than those in the TU 750 mg arm at most time points post-1st and 4th injection. Variability 
was moderate at most time points (coefficients of variation averaged around 55%), with slightly 
higher standard deviations at the Tmax time points (Day 7 to Day 14).  
 
Reflecting the parallel tracking of DHT to T, the mean ratios of DHT:T remained relatively 
constant throughout the 1st and 4th injection intervals. The average ratios did drop slightly from 
the average pre-treatment values, and tended to remain on average below the pre-treatment 
ratios. The sponsor noted that the pre-treatment ratios were marked by a small number of 
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exceptionally high DHT:T ratios; these high pre-treatment values contributed to the higher 
variability observed at the pre-treatment time point. This may explain for part of the drop in ratio 
following the 1st injection. The drop in DHT:T ratio between Day 0 and Day 4 post dose was less 
prominent during the 4th injection but was still significant. The DHT:T ratios ranged from, on 
average, 0.05 to 0.07 during the 4th injection interval, with relatively low variability observed 
across the time points. 
 
Figure 44: DHT and ratio of DHT to total T following the 1st and 4th injections of TU - 1st IPK 
population and PK population, study IP157-001 Part A 

 
 
Estradiol:
For both treatment groups, average E2 concentrations generally paralleled T concentrations 
following both the 1st injection and the 4th injection. Average E2 concentrations tended to remain 
within or slightly higher than the normal range of 0 – 35 pg/mL (as provided by the central 
laboratory), with concentrations of E2 in the TU 1000 mg arm higher than those in the TU 750 mg 
arm at most time points post-4th injection. The 1st-injection Day 84 average for the TU 750 mg 
arm was marked by a single high E2 concentration; this value contributed to the higher variability 
observed at that time point for both the E2 concentration and the ratio of E2:T. E2 tended to 
demonstrate higher relative variability than the other hormones (as measured by the coefficients 
of variation for E2 concentrations, which ranged from 56% to upwards of 125%). There were also 
higher standard deviations observed for the TU 1000 mg arm as compared to the TU 750 mg 
arm.  
 
Reflecting the parallel tracking of E2 to T, the mean ratios of E2:T remained relatively constant 
throughout the 1st and 4th injection intervals. The average on-treatment ratios remained similar to 
the average pre-treatment ratios. The E2:T ratios ranged from, on average, 0.045 to 0.055 during 
the 4th injection interval, with relatively low variability observed across the time points. 
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Figure 45: E2 and ratio of E2 to total T following the 1st and 4th injections of TU - 1st IPK 
population and PK population, study IP157-001 Part A 

 
 
 
SHBG: 
For both treatment groups, average SHBG concentrations remained constant following both the 
1st injection and the 4th injection. The average SHBG concentrations were similar between the 
1st and 4th injection, indicating that TU administration did not affect SHBG concentration. Average 
SHBG concentrations tended to remain within the middle of the normal range of 13 – 71 nmol/L 
(as provided by the central laboratory), with concentrations of SHBG in the TU 1000 mg arm 
slightly higher than those in the TU 750 mg arm at most time points post-1st and 4th injection. 
The sponsor noted that the TU 1000 mg arm also demonstrated slightly higher average 
concentrations pre-treatment and the differences between the groups during the on-treatment 
time points were similar in magnitude to those observed at the pre-treatment time point. 
Coefficients of variation averaged around 40 to 50% during the 4th interval and were consistent 
throughout each injection interval. Higher variability was observed with the 1st IPK population, 
likely due to the smaller sample size. 
 
The mean ratios of SHBG:T tended to drop immediately following the injection (at the Day 4 time 
point). Based on the stable mean SHBG concentrations during the interval, the changes in the 
ratio were due to the changes in T concentrations (and not changes in SHBG concentrations). 
The pre-treatment average ratios for both groups were marked by at least one high SHBG:T ratio; 
these values contributed to the higher variability observed at pre-treatment for the ratios observed 
in the plots of the 1st IPK population. The SHBG:T ratios ranged from, on average, 0.02 to 0.08 
during the 4th injection interval, with relatively low variability observed across the time points. 
 
Figure 46: SHBG and ratio of SHBG to total T following the 1st and 4th injections of TU - 1st

IPK population and PK population, study IP157-001 Part A 
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TU and DHTU: 
 
Serum TU and DHTU were assessed following the first injection (1st IPK subgroup) and the 4th 
injection (total PK population).  
 
TU: TU concentration was measurable in human serum following IM administration of TU 750 mg 
and 1000 mg. The observed individual concentration vs. time profiles were generally 
discontinuous with many samples being below the limit of quantitation (BLQ, LLOQ = 50 ng/dL). 
Most patients had one or two measurable samples to give a peak of TU concentration (usually on 
Day 4, the first measured time point post injection, and declined on Day 7) with other sampling 
times listed as BLQ. The data suggest that the true peak of TU might have occurred before Day 4 
post injection. The highest observed serum TU concentrations were 1220 and 735 ng/dL 
following administration of 750 and 1000 mg TU doses, respectively. They were both observed 
during the 4th injection interval, Day 4. Figure 47 shows the mean (+SD) of serum TU 
concentrations following IM administration of TU (Note that BLQ samples were set to be zero and 
there were large numbers of BLQ samples. 
 
DHTU: As measured in Study IP157-001, Part A, (1st and 4th injection intervals), concentration 
values of DHTU were below the limit of quantification (LLOQ = 100 ng/dL) for all but a few 
samples. There were 3 measurable samples with concentrations of 101, 170, and 238 ng/dL. 
They came from 3 separate patients. None of the samples in the 1000 mg dose group had 
measurable DHTU concentration. 
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