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1 Executive Summary

1.1. Product Introduction

NDA 205054 for Lutrate Depot, 22.5 mg for 3-month administration was
resubmitted pursuant to the 505(b)(2) pathway, and the listed drug (LD) is leuprolide acetate.

The submitted NDA 205054 original 1 for the 22.5 mg formulation

Original 1 is recommended for approval
D

Lutrate Depot formulations are microsphere formulations of leuprolide acetate. Leuprolide
acetate is manufactured b . Leuprolide is trapped inside microspheres made of
the biodegradable polymer and triethyl citrate. The polymer
provides a sustained release of leuprolide over a 3-month period.
formed into a lyophilized powder that is reconstituted with an included diluent (mannitol,
water, sodium hydroxide/hydrochloric acid) using the Mixject delivery device (K963583).| @

_ administered intramuscularly.

1.2. Conclusions on the Substantial Evidence of Effectiveness

GP Pharm conducted| @@ stydies using| ®® 3 Month Formulatio

enrolled patients with prostate cancer, regardless of stage.
The 3 Month Formulation (N=163) was

administered every 84 days for 2 doses

The FDA asked the Applicant to assess
the percentage of patients who achieved and maintained castrate testosterone levels (< 50
ng/dL) between Days 28 and 168. The Agency’s standard for approval of gonadotropin
releasing hormone (GnRH) analogues has been that the lower bound of the 95% confidence
interval for the achievement and maintenance of castration should be > 90%. The ability of a
GnRH analogue to produce castrate testosterone levels in the majority of patients has been
used as a surrogate endpoint for the approval for these agents.

GP Pharm further evaluated the non-castrate testosterone levels and found that at some of the
time points, an interfering peak was present in the samples from patients who received the 3
Month Formulation. Multiple discussions were held with the FDA and the Applicant chose to rel@
analyze all samples from the study of the 3 Month Formulation. The presence of the interfering
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peak and results of the original and re-analyzed testosterone levels have been carefully
examined by the team and it has been determined that the results from the re-analyzed
samples are acceptable for review.

In the current 2018 NDA submission, the percentage of patients who maintained castrate
testosterone levels between Days 28 and 168 were:

o 94.3% (95% Cl: 89.4, 97.0) with the 3 Month Formulation.

The safety profile_ is similar to other GnRH agonists. The primary
concern is tumor flare due to an initial increase in testosterone. This can result in spinal cord
compression, urinary retention, and bone pain. Additional concerns include the development of
metabolic syndrome with resultant hyperglycemia and cardiovascular disease. QT prolongation
can occur with androgen deprivation and seizures, with and without a prior history of seizures,
have been seen with GnRH analogues. The most common Grade 1-4 adverse reactions (>10%)
with either formulation of Lutrate are hot flush/flushing, injection site reaction, upper
respiratory infection, asthenia/fatigue/malaise, and arthralgia/arthritis. The most common
(>10%) Grade 1-4 adverse reactions with Lutrate Depot 22.5 mg are hot flushes, upper
respiratory infection, fatigue, diarrhea, pollakiuria, arthralgia, and injection site pain.

e The team recommends approval of Lutrate Depot 22.5 mg (NDA 205054; original 1). This

is based on its ability to achieve and maintain castrate testosterone levels in 94.3% of
atients.
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1.3. Benefit-Risk Assessment

GP Pharm is seeking an indication for the palliative treatment of advanced prostate cancer. Advanced prostate cancer is a serious and life-
threatening disease. Gonadotropin-releasing hormone analogues such as Lutrate Depot have been the mainstay of treatment of patients with
advanced prostate cancer. Overall survival with these agents is similar to orchiectomy. The adverse event profile of GnRH analogues includes
tumor flare due to an initial increase in testosterone levels and the development of metabolic syndrome. This is of particular concern because
men with non-metastatic prostate cancer often receive GnRH analogues for an extended period. Lutrate Depot 22.5 mg (3 Month Formulation)
has demonstrated an adequate effect on the surrogate endpoint; ability to achieve and maintain castrate testosterone levels. Lutrate Depot
22.5 mg (3 Month Formulation) has also demonstrated an acceptable safety profile similar to other GnRH agonists.

Dimension Evidence and Uncertainties

Conclusions and Reasons

e Advanced prostate cancer is a serious and life-threatening condition.

Advanced prostate cancer can result in
significant morbidity and death.

e Gonadotropin-releasing hormone analogues are the mainstay of
treatment for advanced disease. Other options include docetaxel,
abiraterone, enzalutamide, radium-223, and apalutamide. These
agents are typically used in combination with GnRH analogues.

Gonadotropin-releasing hormone analogues
are the mainstay of therapy for advanced
prostate cancer. They may be used alone or in
combination with other agents.

e Overall survival with GnRH analogues is similar to orchiectomy. The approval
of GnRH analogues has been based on a surrogate marker, castrate
testosterone levels. The 3 Month Formulation of Lutrate Depot achieved
and maintained castrate T levels in 94.3% (95% Cl: 89.4, 97.0) of patients
between Days 28 and 168.

Prostate cancer is responsive to testosterone.
Castrate testosterone levels slow tumor
growth and can result in tumor response.

The safety profile of Lutrate Depot 22.5 mg is similar to other GnRH agonists.
The primary concern is tumor flare due to an initial increase in testosterone.
Patients with impending cord compression or urinary retention should not
receive GnRH agonists prior to definitive local treatment. Additional concerns
include cardiovascular disease, hyperglycemia/diabetes, QT prolongation, and
seizures. The most common (>10%) Grade 1-4 adverse reactions with Lutrate

The risk profile of Lutrate Depot 22.5 mg is
acceptable and similar to approved GnRH
agonists.
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Dimension Evidence and Uncertainties

Conclusions and Reasons

Depot 22.5 mg are hot flushes, upper respiratory infection, fatigue, diarrhea,
pollakiuria, arthralgia, and injection site pain.

1.4. Patient Experience Data

Patient Experience Data Relevant to this Application (check all that apply)

o | The patient experience data that was submitted as part of the application, include:

o | Clinical outcome assessment (COA) data, such as

o | Patient reported outcome (PRO)

Patient questionnaire concerning
bone pain, urinary pain, and urinary
symptoms

o | Observer reported outcome (ObsRO)

o | Clinician reported outcome (ClinRO)

o | Performance outcome (PerfQO)

O . Qualitative studies (e.g., individual patient/caregiver interviews, focus group interviews, expert
interviews, Delphi Panel, etc.)

Patient reports

O : Patient-focused drug development or other stakeholder meeting summary reports

None

O | Observational survey studies designed to capture patient experience data

O : Natural history studies

O | Patient preference studies (e.g., submitted studies or scientific publications)
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o | Other: (Please specify)

O | Patient experience data that was not submitted in the application, but was
considered in this review.

X

Virginia Ellen Maher, M.D.
Cross-Disciplinary Team Leader
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2 Therapeutic Context

2.1. Analysis of Condition

Advanced prostate cancer is a serious and life-threatening condition and is the most commonly
diagnosed cancer in men (Surg Clin North Am 2015 95:1023). The incidence increases markedly
with age. While most patients in the US present with localized disease, the 5-year life
expectancy among patients with distant metastases is approximately 30%.

2.2. Analysis of Current Treatment Options

Multiple medications, including multiple generic drugs, have been approved for use in the
palliative treatment of advanced prostate cancer. The approval of these drugs over several
decades has led to differences in the basis of approval. The table below provides information
on the trial designs of studies (other than generics) using leuprolide acetate.

Gonadotropin-releasing hormone analogues cause an initial increase and then, through down-
regulation, a decrease in testosterone levels. Early in the disease, a decrease in testosterone
levels results in shrinkage of castration-sensitive prostate cancers. Later in the course of the
disease, prostate cancers become castration-resistant, but a portion of these tumor cells
remain sensitive to testosterone. In patients with castration-resistant disease, GnRH analogues
are typically continued and other agents are added to slow tumor growth.

The approval of GNRH agonists has been based on the surrogate endpoint, their ability to
achieve and maintain castrate testosterone levels. An early trial comparing goserelin to
orchiectomy found that they produced castrate testosterone levels in a similar proportion of
patients and had similar overall survival (Urology 1995 46:220). Studies intended for the
approval of GNRH agonists typically extends through 2 or 3 administrations. Achievement and
maintenance of castrate T levels is typically measured: 1) at the end of the dosing interval; 2) 1B
3 days after a subsequent dose or 1 to 4 hours after a subsequent dose; and 3) in the middle of
the dosing interval. Measurement 1-3 days or 1 to 4 hours after a subsequent dose is done to
ensure that the hypothalamic-pituitary-gonadal axis is fully desensitized. Patients who are not
fully desensitized will have elevated testosterone level. The effect of this short burst of
increased testosterone on tumor growth is unknown.

A key point in the design of the studies in the table below is that approval has been based on
small single arm studies. Testosterone levels have been consistently measured at the end of
each dosing interval, but there has been considerable variation in acute-on-chronic testing and
testing during the dosing interval. Many of the trials assessed the acute-on-chronic effects in a
subset of patients.
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3 Regulatory Background

3.1 U.S. Regulatory Actions and Marketing History
The Applicant submitted a new drug application 2
in February 2018. Lutrate Depot has not
been marketed in the U.S.

(b) (4)

Lutrate Depot 22.5 mg was first marketed in Europe in 2015 and in countries outside of Europe
in 2017. ®® reviewed through the European decentralized procedure.

, B Summary of Presubmission/Submission Regulatory Activity

The table below provides important information on regulatory milestones in the development
of thel @ 3 Month Formulations of Lutrate Depot.

Table 2: Regulatory Milestones

Milestones ‘ Date Comment

() (4

Type C Meeting December 2005 | Discussed trial design of 3 Month Formulation
Agency expressed concerns about sample size and the
extent/handling of missing data.

Discussed CMC of :bm)s Month Formulations -
Trial Conducted 2011-2014 3 Month Formulation

Pre-NDA Meeting | October 2012 Agency asked the Applicant to include a Kaplan-Meier
estimate of the proportion of patients achieving
castrate testosterone levels from Day 29-168. Agency
stated that the results of the pre-specified primary
analysis and the analysis using the Kaplan-Meier
method should be submitted.

Original NDA July 2014 A complete response letter citing clinical, chemistry,
and inspection concerns was issued May 29, 2015
Type A Meeting October 2015 Sponsor noted that there were interfering peaks in
several testosterone analyses from the clinical trial of
the 3 Month Formulation.

The Agency stated that it was the sponsor’s decision

whether to re-analyze the samples, but that if they did
18
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so, they should re-analyze all samples and provide
information on the re-analysis method and the long@
term sample stability.

Type C Meeting April 2016 CMC issues were discussed and the sponsor was asked
to provide batch composition and formula for review
as well as batch records for 3 batches.

Type C Meeting September 2016| The manufacturing process was reviewed and the
Agency stated, “We recognized you have a
manufactur-ing process that is capable of producing
drug product to meet your current drug product
specification. The final decision on the manufacturing
process and the adequacy of the manufacturing
process controls will be made during the NDA review.”

Resubmission August 2017 Resubmission incomplete since a manufacturing site is
not ready for inspection
Resubmission February 2018 | Current submission

4 Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety

4.1. Office of Scientific Investigations (0OSI)

During the initial NDA review, three clinical study sites were inspected.

e Dr. Neal Shore, Carolina Urologic Research Center
e Dr. Gary Karlin, Lawrenceville Urology
e Dr. Laurence Belkoff, Urologic Consultants at SE PA

The three sites accounted for 35% of the total patients from the US. Based on the OSI
inspection summary of March 11, 2015, data from the sites appears to be reliable. Two sites
were classified as no action indication while one was classified as voluntary action indication.
The identified issues appeared to be isolated to that site and should not impact the overall trial.
The bioanalytical site that assayed the testosterone samples, O® \was
inspected during the initial review in 2014 and a Form 483 was issued. The 483 cited
inadequate quality control of stability studies and inadequate information on the timing of
sample processing. ®®@ responded adequately to these findings and provided a plan for
corrective action. The results of the testosterone assays were considered adequate for review.

In the current application, the Applicant submitted the results from re-analyzed testosterone
samples from patients who received the 3 Month Formulation. These samples were re-analyzed
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at- and- was again inspected. This inspection again found issues with the quality
control of the stability studies. - responded adequately to these concerns. The results
from the re-analyzed testosterone samples were considered adequate for review.

During the initial 2014 review, the recommendation from the Establishment Inspection was to
withhold approval. During the current submission, the facilities were again inspected and the
findings were considered acceptable. See CMC review.

4.2. Product Quality

The lyophilized drug product is manufactured by forming the microspheres of leuprolide
acetate with the biodegradable polymer triethyl
citrate, methylene chloride and heptane microsphere

-carboxymethyi cellulose, polysorbate 80, mannitol and water for injection.

Each vial of Lutrate Depot 22.5 mg contains of leuprolide acetate

Each vial of the 22.5 mg strength contains the following excipients: polylactic acid: 188.4 mg
triethyl citrate: 10.4 mg (13.0 mg mannitol: 88.4
carboxymethyl cellulose: 25.0 mg (31.2 mg
The Applicant provided data justifying the

mg (110.5 mg
polysorbate 80: 3.8 mg (4.8 mg

overtl [ o

Each vial is supplied with a 2 mL solution of 0.8% mannitol in water ina
prefilled syringe. When the mannitol solution is mixed with the lyophilized drug product the
mixture becomes a suspension intended for intramuscular injection. The MIXJECT® sterile
device allows the direct reconstitution of the- powder using the solvent contained
in the pre-filled syringe and the direct intramuscular injection of the resulting suspension into
the patient. The device is fitted on the vial to pierce the stopper, and coupled to the pre-filled
syringe containing the diluent, allowing the transfer of the reconstitution diluent into the vial.
Once the product suspension is obtained, the device allows drawing the reconstituted product
back to the syringe through the device’s two-way valve. Throughout this process, the stopper is
pierced only once, and the vial, device, syringe and needle stays coupled thereby ensuring the
sterility of the drug product injected intramuscularly into the patient. Stability will be granted
for 24 months when stored at room temperature.
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The product team recommends approval of Lutrate Depot 22.5 mg with a Postmarketing
Requirement for in vitro testing of syringe performance for the combination product, mannitol
diluent in syringe. A Postmarketing Commitment to develop an improved method for in vitro
release testing has been agreed to. See CMC review for detailed information.

4.3. Clinical Microbiology
Microbiology and endotoxin testing are acceptable.
4.4, Devices and Companion Diagnostic Issues

A Postmarketing Requirement will be issued for testing, early and late in its’ shelf-life, the
diluent-containing syringe. This will include testing of the break loose, glide force, and dose
accuracy. The Postmarketing Requirement will also include the development of a protocol for
periodically testing diluent-filled syringes at the beginning and end of their shelf-life.

5 Nonclinical Pharmacology/Toxicology

5.1. Executive Summary

The Applicant submitted nonclinical pharmacokinetics, pharmacodynamics and toxicology data,
which were reviewed previously on April 27, 2015 (NDA 205054 nonclinical review in DARRTS).
The Applicant relied on nonclinical data from the listed drug, Lupron Depot, to support approval
of Lutrate Depot. Lutrate Depot drug product contains the same active ingredient, leuprolide
acetate, as the listed drug formulated in the same or lower strength. The bridge to scientifically
justify reliance on nonclinical data for Lupron Depot was the combined data from the
pharmacokinetic/pharmacodynamic nonclinical studies demonstrating the testosterone
response following administration of Lutrate, the CMC information about the formulation of
Lutrate, the toxicity study of the excipient triethyl citrate, and the available clinical data with
Lutrate Depot. The Applicant also submitted a dog bridging study to the European drug product
Procrin, which was used as supportive data but was not essential to bridge to Lupron Depot.

Additionally, like most nonclinical studies conducted to support an NDA, studies described in
the label for Lupron Depot used the active ingredient, leuprolide acetate, rather than the
Lupron Depot clinical formulation. Therefore, any differences between the Lupron Depot and
Procrin formulations would not have an impact on the ability of the Applicant for Lutrate Depot
to rely on those data. In the studies conducted by the Applicant of Lutrate Depot,
administration of Lutrate to dogs resulted in sustained exposure and decreased testosterone
over the expected period of time ©@ 3
months for 22.5) as would be expected for the listed drug and comparable to Procrin. Based on
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the totality of the information available, the reliance on nonclinical sections of the Lupron
Depot label are justified from the pharmacology/toxicology perspective.

From section 1.2 of the original nonclinical NDA review, Brief Discussion of Nonclinical
Findings:

(b) (4)

®® original pharmacodynamic (PD) studies were conducted by the Applicant to assess

testosterone suppression levels in dogs (a marker of activity) following a single intramuscular
administration of Lutrate Depot ®® 2.5 mg. The reported data showed that|  ©©@
Lutrate Depot ®® exhibited comparable qualitative PD profiles with regard to testosterone
suppression. Castrate levels following Lutrate Depot administration were achieved between
Days 7 to 21, and testosterone levels remained low until study termination. The PD endpoint
was shown to be correlated with PK levels, and the PK/PD profiles were qualitatively similar
across Lutrate Depot dose ®® 22.5 mg).

In addition to reliance on the listed drug, the Applicant provided published safety data to
further characterize the safety profile of leuprolide acetate. These safety data were considered
supportive/supplemental to the nonclinical review.

The Lutrate Depot formulation contains an excipient, triethyl citrate (TEC), that was not
previously characterized when administered by the intramuscular route. TEC is listed in the FDA
Inactive Ingredients Search for Approved Drug Products and is contained at a maximum
potency uptol @®mg in an oral, delayed-action tablet. The safety profile of intramuscularly
administered TEC was therefore characterized in a single- /repeat-dose (28-day) toxicology
study in rats at doses which exceed that expected clinically. No adverse toxicity was reported in
the TEC-treated animals. Based on this data and previous experience in approved drugs
containing TEC for oral administration, this excipient was considered qualified at the specified
level for intramuscular injection in Lutrate Depot.

The Lutrate Depot drug product contains the same active pharmaceutical ingredient, leuprolide
acetate, as the listed drug formulated in the same or lower strength. There are no safety
concerns with the excipients in the Lutrate Depot drug product. Nonclinical PK/PD studies in
dogs demonstrated that the Lutrate Depot intramuscular administration resulted in exposures
and testosterone responses as would be expected for the listed drug and comparable to
Procrin®, a leuprolide acetate depot product approved in Europe. In addition, results from
clinical trials conducted with Lutrate Depot do not indicate that there are any significant safety
signals that would suggest additional nonclinical studies are needed. These combined data
provide an adequate scientific bridge for reliance on the listed drug, Lupron Depot, for the
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nonclinical requirements for approval as a 505(b)(2) NDA. Since FDA’s findings of safety and
efficacy are captured in the product labeling, no further nonclinical studies are needed to
support the approval of Lutrate Depot.

The Applicant submitted an updated package insert to include the new formulation and to
comply with the content and format of the Pregnancy and Lactation Labeling Rule (PLLR). See

Section 11 for the changes in the package insert.

This NDA for Lutrate Depot is recommended for approval from the perspective of the
pharmacology/toxicology discipline.

X X

Eias Zahalka, PhD Acting Team Leader
Tiffany K. Ricks, PhD
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6 Clinical Pharmacology

6.1. Executive Summary

The Applicant is seeking approval for LUTRATE DEPOT (leuprolide acetate for depot suspension)

B 22 5 mg given every three months for palliative treatment
of advanced prostate cancer, with Lupron® Depot B 22 5 mg B NDA
020517 ®1¥ a5 the listed drugs.

The clinical pharmacology review focuses on the acceptability of the bioanalytical method used
for the reanalysis of testosterone plasma concentrations and the supportive long-term stability
data from study GP/C/05/PRO — the clinical trial conducted to support the approval of the 22.5
mg formulation. Additionally, the review addresses the adequacy of bridging to the reference
product from a clinical pharmacology perspective.

(b) (4)

Study CP/C/05/PRO failed to meet the primary endpoint of castrate testosterone level due the
presence of unidentified peaks that interfered with the quantitation of testosterone in a subset
of samples. In this resubmission, the Applicant provided a modified bioanalytical method to
selectively measure testosterone and the results of reanalysis of plasma samples from study
GP/C/05/PRO. Additionally, the Applicant provided long-term stability data based on incurred
sample reanalysis (ISR) to support the sample reanalysis plan.

The safety and efficacy data supporting the approval of the 22.5 mg formulation are obtained
from an open-label, single-arm Phase 3 trial (Study GP/C/05/PRO for 22.5 mg in 163 patients).
As such, no bridging to the reference product is required to support the approval from a clinical
pharmacology perspective. Additionally, the PK profile of the proposed formulation was
characterized in 30 patients in the study. There was no tangible accumulation observed with
repeated dosing of the proposed formulation and, thus, no safety concerns.

The Office of Clinical Pharmacology has reviewed the information in support of NDA 205054 for

LUTRATE DEPOT and concluded that the NDA is approvable from a clinical pharmacology
perspective.
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6.2. Summary of Clinical Pharmacology Assessment
6.2.1. Pharmacology and Clinical Pharmacokinetics

Mechanism of Action: leuprolide acetate is a GnRH agonist. Continuous administration of
leuprolide in males decreases luteinizing hormone (LH), follicle stimulating hormone (FSH),
dihydrotestosterone (DHT), and testosterone concentrations by desensitizing and/or down-
regulating the pituitary.

Absorption: Following the first administration of the 22.5 mg formulation, plasma leuprolide
concentrations increased rapidly. The peak plasma concentration was reached by 2 hours.

Distribution: The mean-steady state volume of distribution of leuprolide following intravenous
bolus administration to healthy male volunteers was 27 L. In vitro binding to plasma proteins
ranged from 43% to 49%.

Metabolism and Elimination: No metabolism studies have been conducted for leuprolide
acetate. The mean systemic clearance of leuprolide following intravenous bolus administration
to healthy male volunteers was 7.6 L/h, and terminal half-life was approximately 3 hours based
on a two-compartment model. No apparent accumulation was observed after the first two
doses of the 22.5 mg formulation i

6.2.2. General Dosing and Therapeutic Individualization

Based on safety and efficacy data obtained from Study GP/C/05/PRO, the recommended
dosage is 1 injection of the 22.5 mg formulation every 12 weeks. No dose adjustments based on
intrinsic or extrinsic factors are listed in the approved USPI of the reference product. There are
no outstanding issues from a clinical pharmacology perspective.

6.3. Comprehensive Clinical Pharmacology Review

6.3.1. General Pharmacology and Pharmacokinetic Characteristics

PHARMACOLOGY

Mechanism of leuprolide acetate is a GnRH agonist. Continuous administration of
Action leuprolide in males decreases LH, FSH, DHT, and testosterone
concentrations by desensitizing and/or down-regulating the pituitary.

QT Prolongation | In the current submission, the Applicant did not perform a QTc
prolongation evaluation. Literature suggests that androgen-deprivation
therapy causes QT prolongations and it may be associated with an
increased risk of cardiovascular morbidity and death. o
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(b) (4)

The approved USPI of the reference product includes
information regarding the risk of QT prolongation under the Warnings and
Precautions section.

GENERAL INFORMATION

Molecular 1209.4 g/mol
Weight
Bioanalysis Leuprolide plasma concentrations in Study GP/C/05/PRO were measured

using a validated enzyme immunoassay and testosterone concentrations
were measured using a liquid chromatography tandem mass
spectrometry assay.

Results from Study GP/C/05/PRO failed to meet the primary efficacy
endpoint of sustained castrate levels of testosterone at specific
timepoints. The Applicant provided evidence that interfering peaks
resulted in the overestimation of testosterone concentrations in some
samples. Subsequently, the Applicant provided reanalyzed study results
with a validated LC/MS-MS method that selectively measured the
concentrations of testosterone. Additionally, the Applicant provided long(
term stability data to support the sample reanalysis plan.

Accumulation

Following two injections of the 22.5 mg formulation, there was no
substantial accumulation. The profile of leuprolide concentrations
following the second dose was similar to that of the first dose.

Variability For LUTRATE DEPORT 22.5 mg, %CV of Cayx is 38.4%; however, the %CV of
AUC varies from 48.5% and 56.8% following the first two doses.

ABSORPTION

Tinax Tmax is reached after 2 hours following the first administration of the 22.5
mg.

DISTRIBUTION

Volume of The mean-steady state volume of distribution of leuprolide following

Distribution intravenous bolus administration to healthy male volunteers was 27 L.

Plasma Protein | In vitro binding to plasma proteins ranged from 43% to 49%.

Binding

ELIMINATION

Mean Terminal | The mean systemic clearance of leuprolide following intravenous bolus

Half-Life administration to healthy male volunteers was 7.6 L/h, and terminal half-

life was approximately 3 hours based on a two-compartment model.
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6.3.2. Clinical Pharmacology Questions
Are the sample reanalysis results of plasma testosterone levels acceptable?

Yes, the sample reanalysis results along with the supporting long-term stability data are
acceptable.

The Applicant submitted results of

Study GP/C/05/PRO for the 22.5 mg strength in 163
patients) (Table 3). The primary efficacy endpoint was the achievement and maintenance of
castration (plasma testosterone level < 0.5 ng/mL) during the study; this endpoint is a surrogate
marker for demonstrating the efficacy of gonadotropin releasing hormone agonists for the
palliative treatment of advanced prostate cancer. To that end, meeting the primary endpoint is
based on adequate analysis of plasma testosterone concentrations.

Table 3: LUTRATE DEPOT Clinical Trials with PK Data

K analysis in a su.;b < LEUPROLIDE DEPOT>
group of patients (30) 22 5 mg multiple dose, im
and population PK every 3 month
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At the time of initial submission, ®@ study GP/C/05/PRO failed to meet the
primary endpoint, and a Complete Response (CR) Letter was issued on 5/29/2015 (see section
3). Specifically, ®@ 22.5 mg) failed to achieve and maintain castrate
testosterone levels in an acceptable percentage of patients. Specifically, less than 85% of the
patients achieved castrate testosterone levels in ®®@ study GP/C/05/PRO
(see section 1).

Of note, the clinical pharmacology information submitted in the original NDA to support the
approval of the ®®@ 27.5 mg formulations was found to be acceptable (see Clinical
Pharmacology Review by Dr. Pengfei Song, DARRTS Reference ID: 3734222).

In this resubmission, the Applicant included the validation of a modified bioanalytical method

that selectively measures testosterone and data reanalysis for testosterone in plasma samples
from Study GP/C/05/PRO to support approval of the 22.5 mg formulation. Ll

Bioanalysis of Testosterone (Study GP/C/05 PRO)

Detection of Peaks Interfering with Testosterone Quantification

In response to the CR letter, the Applicant attributed the failure to meet the primary efficacy
endpoint in Study GP/C/05/PRO to multiple issues, one of which is the LC/MS-MS bioanalytical
method used to measure testosterone levels. Specifically, upon reanalysis of testosterone
chromatograms, abnormal spikes were detected in some samples.

A report from an anti-doping laboratory confirmed that these interfering peaks shared the
same mass transition with testosterone, and testosterone concentrations in some plasma
samples could be overestimated because of this interference. A hallmark of this interference is
a distorted relative retention time (RRT), which is typically less than the RRT observed with no
interference.

Based on recommendations from the anti-doping laboratory, the Applicant proposed a
modified analytical method that could selectively measure testosterone concentration and
exclude the interfering peaks by monitoring testosterone at a different mass transition (refer to
Section 17.4.1; Error! Reference source not found. and Error! Reference source not found. for
detailed description of the modified bioanalytical method). (Figure 1)
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Figure 1: Interfering Peak

Presence of an interfering peak in the original (old) bioanalytical method. The modified (new)
validated method can separate the interfering peak.

Sample Reanalysis (Study GP/C/05/PRO)

The sponsor selected 31 samples (based on lower RRT with the original method) for reanalysis
with the modified method, 21 of which had the interfering peak and 10 were included as a
control. The Agency clarified that reanalyzing a subset of the study samples might be biased
and unacceptable.

The Agency recommended reanalyzing all plasma samples from study GP/C/05/PRO with the
modified method and providing stability data to demonstrate that testosterone did not degrade
during sample storage between the first analysis with the original method and the second
reanalysis with modified method, period extending from 2013 to 2016. Based on the Agency’s
recommendation, testosterone was reanalyzed for all samples from Study GP/C/05/PRO with
the modified LC/MS-MS method (section 17.4.1).

To demonstrate the long-term stability of testosterone in plasma samples in the period
between the first and second analyses, the Applicant provided ISR for 786 samples that had a
typical RRT for testosterone (i.e., no interfering peaks). The objective of the ISR is demonstrate
that testosterone concentrations determined with the modified method are similar to those
determined with the original method and, hence, no degradation has taken place over the
storage time (Figure 2).
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Figure 2: Results of Sample Re-analysis

ISR to demonstrate the long-term stability of testosterone in plasma samples at the time of
initial analysis and after reanalysis with the modified method. Top panel: testosterone
concentrations with new method are similar to the concentrations measured with the new
method; samples randomly aligned around the identity line i@)o(lj)cating no trend due to
degradation. Bottom panel: >90% of samples fall within the % acceptance criteria for ISR.
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Of note, there were two aliquots (A and B) for each plasma sample: aliquot A was sent to the
bioanalytical facility and aliquot B was sent to the Applicant. The original analysis was
conducted with aliquot A. The reanalysis with the modified method was conducted with aliquot
A, and aliquot B was only used for samples (n=245) that did not have enough volume of aliquot
A. Both aliquot A and aliquot B were stored under the same conditions (-20°C). The sample
traceability was found to be accurate for aliquot A and aliquot B (see section 17.4.2) and only 7
samples were found to have contradictory values for aliquot A and B. These samples were
considered a failure by the Applicant in their reanalysis of efficacy results.

Based on the reanalyzed testosterone samples, Study GP/C/05/PRO met the primary endpoint.
Refer to section Error! Reference source not found. Study Results for detailed statistical
analysis of the reanalyzed testosterone concentrations.

Is there sufficient clinical pharmacology information to support bridging to the reference
product and the approval of the proposed product?

Yes, there is sufficient clinical pharmacology information to support the approval of the
proposed product.

The pivotal studies GP/C/05/PRO ®® provide evidence of safety and efficacy| @@
Additionally, leuprolide PK was assessed in a subset of 30 patients in
study GP/C/05/PRO @@ As such, results ® @

are sufficient to support approval without the need for bridging to clinical information of
Lupron®, Lucrin®, or Procrin®. The latter two are the approved Lupron products in the European
Union.

Formulation Development

(b) (4)

PK Profile and Accumulation of the 22.5 mg Formulation

In study GP/C/05/PRO, the administration of the 22.5 mg formulation resulted in a rapid
increase in leuprolide plasma concentrations; the peak was followed by a decline over the next
several days, maintaining sustained drug levels after Day 28 until the following dose on Day 84.
The leuprolide concentrations were coupled with decreased plasma testosterone
concentrations below castration levels (Figure 3).
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There is no tangible accumulation of leuprolide after the second dose of the 22.5 mg

formulation ®@ As such, there is no safety concern with repeated
administration of the proposed product.

Figure 3: Plasma Leuprolide and Testosterone Concentrations

X X

Salaheldin S. Hamed, Ph.D. Pengfei Song, Ph.D.
Primary Reviewer Team Leader
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7 Sources of Clinical Data and Review Strategy

7.1. Table of Clinical Studies

Phase Title # Study Design
Patients

Phase 3 | GP/C/05/PRO 163 | Open-label, single-arm study, with 2 doses
Efficacy and Safety of a New of Lutrate Depot 22.5 mg administered
Leuprolide Acetate 22.5 mg intramuscularly every 84 days

Depot Formulation in the
Treatment of Prostate Cancer
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7.2. Review Strategy

Based on the study design and reported results @@ the reviewers examined
the study protocols, statistical analysis plans, submitted datasets and study reports. The focus
was on evaluating whether castration was achieved and maintained_ The
reviewers conducted independent analyses based on the reported testosterone values from
the central laboratory. Safety evaluation focused on signals that had been seen with other
GnRH analogues and on any signals that appeared specific to Lutrate Depot.

8 Statistical and Clinical and Evaluation

8.1.Review of Relevant Individual Trials Used to Support Efficacy

a1 [ CRO-GP-C-05-PRO (3 Month)
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Study CRO-GP-C-05-PRO (3 Month Formulation)

Design of Study

This was an open-label, single-arm trial to study the effect of Lutrate Depot 22.5 mg every 84
days on testosterone levels.

Key Eligibility Criteria

1. Histologically proven carcinoma of the prostate

2. Might benefit from medical androgen deprivation therapy

3. Testosterone > 150 ng/dL by local laboratory

4. No androgen ablation within 12 mos or lasting > 6 mos; No use of androgen receptor
inhibitors within 3 mos; No prior systemic prostate cancer treatment; No radiation
therapy or surgery to prostate within 2 wks; No 5-a-reductase inhibitors within 3 mos;
No over-the-counter therapies with an estrogenic or anti-androgenic effect within 3 mos

5. No evidence of spinal cord compression, severe urinary obstruction, severe pain from
bone metastases, or brain metastases

6. Life expectancy at least 1 year; ECOG Performance Status score of 0-2

7. Creatinine <1.6 times the upper limit of normal (ULN); Grade 0-1 AST, ALT, and bilirubin

8. No uncontrolled diabetes; No uncontrolled heart failure; No myocardial infarction,
coronary vascular procedure, or significant symptomatic cardiovascular disease within 6
mos of entry; No uncontrolled hypertension within 3 mos;

9. No venous thrombosis within 6 mos; No full dose anticoagulants

Treatment
Lutrate Depot 22.5 mg intramuscularly every 84 days x 2

Concomitant Medications
Androgen receptor inhibitors and other GnRH analogues were prohibited. No anticoagulants
that would affect PT/PTT. Anti-platelet agents were allowed. No mention of radiation therapy.

Safety Monitoring
Safety laboratories and EKGs were obtained at baseline and on Days 28, 84, 112 and at the end
of treatment visit on Day 168.

The injection site was assessed immediately after each injection. The site of the 1t injection on
Day 0 was also assessed at 15 and 30 minutes and at 1 and 3 hours post-injection. The site of
the 2" injection on Day 28 was assessed at 15 and 30 minutes and at 1-hour post-injection.
Patients were also asked to record any local reactions at the injection site in a patient diary.

Adverse events were collected throughout the treatment period. Investigators were to
specifically ask patients about the development of hot flushes on Days 2, 14, 28, 56, 84,86, 112,
and 168.
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Efficacy Assessments
Testosterone, FSH and LH were obtained on the following schedule.

e Pre-dose and 1 and 4 hours after the 1%t dose on Day 0; Days 2, 14, 28, and 56.
e Pre-dose and 1 and 4 hours after the 2" dose on Day 84; Days 86, 112, and 168.

Samples were assayed at a central laboratory, ®® Testosterone was assessed using gas
chromatography-mass spectroscopy with a lower limit of quantitation of 10 ng/dL.

Prostate-specific antigen was assessed, by ®®@ 3t baseline and Days 14, 28, 56, 84, 112,
and 168.

Bone pain, urinary pain, and urinary symptoms were assessed at baseline and on Days 2, 14, 28,
56, 84, 86, 112, and 168. Patient were asked to rate these 3 items on a 10-point scale where 1
was no and 10 was the worst pain/symptoms possible.

Study Endpoints
Statistical Analysis Plan (SAP)

Efficacy Measures

Per the final SAP, the primary efficacy endpoint was the proportion of successful patients over
the total number of evaluable patients (i.e. N syccesses/N evaluable patients)- FOr €ach patient, success
was defined as castration (castrate testosterone defined as < 50 ng/dL) at Days 28, 84, and 168.
These are referred to as key time points. Patients with missing data at key time points were
considered non-castrate at these time points. However, if the reason that the data was missing
was unrelated to study drug, the patient could be considered castrate at that time point.

In the current 2018 NDA submission, the Applicant used data from re-analyzed testosterone
levels and analyzed the primary efficacy endpoint using the Kaplan-Meier method. Success was
defined as achievement and maintenance of castration: Patients who achieve testosterone
concentration <50 ng/dL at Day 28 and maintained castrate testosterone values until Day 168.
A patient was considered have had an event if: 1) Testosterone concentration above 50 ng/dL
from Day 28 onwards, 2) Different testosterone results between Aliquots A and B from Day 28
onwards, 3) Insufficient sample for re-analysis from Day 28 onwards, and 4) Missing data due to
an adverse event related to study drug.

In the current primary analysis, patients with a castrate testosterone level who withdrew were
censored at the last time point with an available testosterone level. Patients who did not have a
testosterone level drawn at a given time point and had a prior castrate value were considered
castrate at the missing time point. Patients with a missing (not drawn) value and a non-castrate
value after the missing time point are considered to have had an event at the missing time

38
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)

Reference ID: 4308428



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 205054}
{Lutrate Depot (Leuprolide acetate for depot suspension}

point. Patients with a castrate testosterone level and two subsequent consecutive missing (not
drawn) values are censored at the last time point with a castrate testosterone level. Due to
concerns about the use of re-analyzed samples, time points at which a sample was not available
for re-analysis (i.e., the sample had been drawn, but insufficient sample remained for rel@
analysis) were considered non-castrate. Time points at which results were available from both
Aliquots A and B were considered non-castrate if the result from either aliquot was non-
castrate.

Analysis Sets
Per the final SAP, the primary efficacy analysis population included patients who received at

least one dose of study drug and had data at one or more key time points (Days 28, 84, 168).
The FDA analysis included patients who received one dose of study drug and had a testosterone
level at Day 28. Patients with missing data at Day 28 were considered non-castrate at that time
point.

Sample Size Considerations

The null hypothesis was that the proportion of successful patients was 93%. With a sample size
of 144 patients, the study would have 80% power to demonstrate that the proportion of
successful patients exceeded 93% at a two-sided 5% significance level if the underlying
proportion of successful patients was 98% based on an exact test. With a maximum dropout
rate of 10%, the study planned to enroll 160 patients.

Secondary endpoints included: 1) testosterone concentration and pharmacodynamic
parameters; 2) LH, FSH, and PSA levels; 3) performance status; and 4) bone pain, urinary pain,
and urinary symptoms.

Protocol Amendments
None

8.1.2. Study Results
Compliance with Good Clinical Practices

The Applicant has stated that studies ®® 3 Month Formulations were conducted in
accordance with the general principles of the International Conference on Harmonization E6.
The quality of this submission was acceptable. However, the quality of the data presentation
was not consistent with that of other Agency submissions.

Financial Disclosure

A FDA Form 3454 signed by Antonio Duena, Chairman of GP Pharm, S.A., was submitted
certifying that the Investigators involved in the studies ®®@ 3 Month Formulations had
no financial interests to disclose.
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Patient Disposition

Patients who discontinued prior to each of the dose and the reasons for discontinuation are
included in the table below.

One dose of the 3 Month Formulation was administered to 163 patients and two doses to 157
patients with 151 patients completing follow up. Causes of discontinuation include use of
radiation therapy (2), initiation of bicalutamide (1), and initiation of triptorelin (1).

Table 4: Patient Disposition

3 Month Formulation

Enrolled 163
Received 1%t Dose 163
Protocol Violation 1
Patient/Investigator Decision 4
Other 1
Received 2" Dose 157
Protocol Violation 2
Patient/Investigator Decision 3
Other 1
Received 3™ Dose NA

Patient/Investigator Decision
Adverse Event

Received 4t Dose
Received 5" Dose
Patient/Investigator Decision
Received 6" Dose
Patient Death
Adverse Event.

Protocol Violations/Deviations

The protocol deviation dataset for the

_Review of other datasets 1 patient- with a low baseline

testosterone, two who received brachytherapy- and two who underwent
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transurethral resection of the prostate (TURP) ®® \While brachytherapy is not thought
to affect testosterone levels, most studies have obtained testosterone levels 3 months after
treatment. Therefore, the acute effect of brachytherapy on testosterone is unknown (Int J
Radiation Oncology Biol Phys 2012 82:e33).

The table below provides information on protocol violations among patients who received the 3
Month Formulation. These were reported in 131/163 (80%) patients. Two patients ©E

previously received a GnRH analogue. Review of the protocol deviation and other datasets
found that in addition to those whose discontinuations are included in the Patient Disposition
above, 3 patients ®© \vho received external beam radiation. The Applicant
provided a reference that stated that most patients have a decrease in testosterone with
external beam radiation, but that the median time to decrease was 6.4 months (J Sex Med 2017
14:876). Pickles et al found that testosterone levels 2 months after external beam radiation
were approximately 95% of baseline (J Urol 2002 167:2448).

Table 5: Protocol Deviations-3 Month Formulation

Protocol Violation 3 Month Formulation
N =163
Any 131
Eligibility Criteria 32
Informed Consent 10
Study Medication 1
Diary Not Completed/Returned 6
Prohibited Medication 7
Assessment Not Performed Failure to Adhere to Visit Schedule 120
Other 7
®) @

required that patients have a testosterone level > 150 ng/dL by local laboratory.
Most trials require a higher baseline level. ®®@ two patients

were ineligible due to low baseline local laboratory testosterone levels and a level was
not drawn in patient|  ®®©. Central laboratory testosterone levels from these 3 patients were
all > 150 ng/dL. However, four patients ®© had central laboratory
testosterone levels below the required 150 ng/dL. None of these four patients had a
testosterone level < 150 ng/dL by local laboratory.

(b) (6)

Among the patients who received the 3 Month Formulation, 150/163 had a local laboratory
testosterone level and none were < 150 ng/dL. Of the 13 patients with missing values, none
had a central laboratory testosterone level < 150 ng/dL. Therefore, none of the patients were
ineligible, but the substantial number of patients with missing baseline levels by local
laboratory was of concern.
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By central laboratory testing, five to seven patients who received the 3 Month Formulation had
a baseline T level < 150 ng/dL. None of these patients had a local laboratory testosterone level
<150 ng/dL. Local laboratory, original central laboratory, and re-analyzed central laboratory
results for these patients are shown in the table below. While central testing should be more
accurate, there was substantial variation between the original and re-analyzed results, calling
into question the statement that the central laboratory results are more accurate. Patient®2©
had received Lupron prior to study entry.

Table 6: Low Baseline Testosterone Levels-3 Month Formulation

Testosterone Levels (ng/dL)
Local Laboratory Central Laboratories
Original Re-analyzed

o 205 163 143

151 142 174

171 990 148

178 118 127

154 131 137

174 63 65

183 137 147

Table of Demographic Characteristics

The table below provides information on patient demographics from all treated patients and all
patients included in the primary analyses of the two trials. Since the primary analyses assess
testosterone levels after Day 28, the number of patients in the primary analyses is lower than
the number treated. There were a substantial number of African-American patients and a
substantial number of US patients were enrolled on these trials.

Since limited data was available concerning baseline disease characteristics, these are included
with the demographics. B

For the 3 Month Formulation, median
baseline PSA, values less than the LLOQ were considered to be at the LLOQ and values > 1080
or greater than the upper limit of quantitation were considered to be 1080 ng/mL.
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Table 7: Patient Demographics and Baseline Disease Characteristics

3 Month Formulation

All Treated® |Primary Analysis
N =163 (%) Population?
N =162 (%)

Median Age 72 years 72 years
(range) (47-91) (47-91)
Race

White 101 (62) 101 (62)

African-American 49 (30) 49 (30)

Other 13 (8) 12 (8)
Performance Status

0 137 (84) 136 (84)

1 22 (13) 22 (14)

2 4(2) 4(2)
Region of Enrollment

United States 163 (100) 162 (100)

Eastern Europe 0 0

Western Europe/Australia 0 0
Median BMI 28.2 28.3
(kg/m?) (range) (16.9-71.6) (16.9-71.6)
Median Baseline Testosterone 365 363
(ng/dL) (range) (151-1136) (151-1136)
Median Baseline PSA 6.41 6.24
(ng/mL) (range) (0.36m (0.36-1080.0)

1080.0)

Metastatic Disease at Baseline 18 (11) 18

Abbreviations: BMI-body mass index; For some values, data was not available for all patients; 2One testosterone

level reported as 635 ng/mL was considered to be 635 ng/dL.

Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

Limited information was captured concerning the baseline disease characteristics. See

information in table above.

Treatment Compliance, Concomitant Medications, and Rescue Medication Use

Injections were administered at the clinical sites and could be fully assessed. See Patient
Disposition above concerning the number of patients who received each dose of study drug.
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Concomitant medications that may lower the testosterone level or are purported to have
activity in prostate cancer were examined.

mong
the 163 patients who received the 3 Month Formulation, patient received triptorelin

after the 2" dose, but prior to completion of follow up. This patient was censored in the
primary analysis. Patient- received saw palmetto.

Efficacy Results — Primary Endpoint

Both trials evaluated the percentage of patients who achieved and maintained castrate
testosterone levels during the treatment period. The tables below provide information on the
current analyses of the primary endpoint by the Agency and the Applicant. A discussion of the
differences between these results, including the re-analysis of the testosterone samples from

patients receiving the 3 Month Formulation, and the Applicant’s rationale for the acceptability
of these results follows.
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3 Month Formulation

Based on the original analysis of the testosterone samples

The Applicant’s original analysis, as pre-specified in the statistical plan, involved only
testosterone levels on Days 28, 84, and 168. The number of patients with castrate or missing
levels at these times points was divided by the number of evaluable patients and the
percentage calculated. This pre-specified method of analysis, using the original testosterone
results, found that 98.1% (95% Cl: 94.7, 99.6) of patients achieved castration. The Agency’s
Kaplan-Meier analysis, which is a preferred method, using the original testosterone results,
found that 83.9% (95% Cl: 77.3, 88.8) achieved and maintained castrate testosterone levels
between Days 28 and 168. Based on the inability of these results to meet the efficacy standard
set by the FDA, the Applicant was issued a complete response letter.

Interference with Testosterone Measurement and Reanalysis

Following the original NDA submission and receipt of the complete response letter, the
Applicant investigated the curves that were used to obtain the testosterone levels and noted an
interfering peak in some assays. See figure below for a representative example. Interfering
peaks were noted in 25 patients at 31 time points. Most patients had an interfering peak at a
single time point, but several had interfering peaks at 1-2 time points. The substance causing
this peak is unknown and it is difficult to understand how it could be seen intermittently.
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Figure 4: Interfering Testosterone Peak

I.“- . L P ey I

—

After noting the presence of this interfering peak, the Applicant had all the samples re-analyzed
using a different method. Two of the issues involved with the re-analysis were the prolonged
storage of the samples and the availability of these samples. This study was conducted from
2011 to 2013. These samples had been stored for several years and degradation of the
testosterone was a concern. However, an overall comparison of the results of original and ref
analyzed samples found that 703 re-analyzed samples had a higher reported testosterone level
than the original value and 586 a lower value. More than 90% of re-analyzed samples had a
testosterone level that was within 20% of the original result. This suggests adequate storage of
the samples. The data were, therefore, considered adequate for analysis.

During the study, samples were split into Aliquots A and B. ®@ ran the original
testosterone assay on Aliquot A and stored the remainder of the sample. Aliquot B was shipped
to the Applicant. Both aliquots were stored at -20° C. For the re-analysis, Aliquot A was used in
most instances. Aliquot B was used when insufficient material was available from Aliquot A and
Aliquot B was used. An overall comparison of the results of analyses of Aliquots A and B found
that among 703 samples in which the re-analyzed value was higher, 88/703 (12.5%) were
Aliguot B. Among the 586 samples in which the re-analyzed value was lower, 86/586 (14.7%)
were Aliquot B. Again, the data is adequate for analysis.

Note in this scenario, if results were available from both Aliquots A and B for a given time point
and either value was non-castrate, the patient was considered non-castrate at that time point.

Based on re-analyzed testosterone samples
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With the results of the re-analyzed samples, the Applicant and the Agency generated the
following results for the primary analysis using the Kaplan-Meier method. Because this analysis
involved re-analyzed samples, there were time points at which no sample was available. In the
primary analysis, patients were considered non-castrate if no sample was available for rel
analysis. A sensitivity analysis was conducted to address this issue (see below). A small number
of patients had results from both Aliquot A and B at a given time point. If the result from either
of these aliquots was > 50 ng/dL, the patient was considered non-castrate at that time point.

Table 9: Primary Analysis: 3 Month Formulation

Agency Analysis | Applicant Analysis
N =162 N =161
Percentage with Castrate Testosterone Levels* 94.3% 95.0%
Days 28-168 (95% Cl) (89.4, 97.0) (90.1, 97.4)
*Lower limit of quantitation is 10 ng/dL.
There were 163 treated patients. The Applicant did not include patients ®® in their

analysis stating that patient ®® was excluded due to a lack of response to queries from the site

and patient ®® withdrew at Day 3. Patient®® had available T levels until Day 56 (castrate
after Day 28) and but withdrew on Day 84 due to a protocol violation, initiation of radiation
therapy after Day 28. Patient| ®®was included in the FDA analysis and censored at Day 28.
Patient! ®©@was not included in the FDA analysis.

The Agency considers nine patients to have had non-castrate time points between Days 28 and
168. The table and the bullets below provide information of these non-castrate time points.

Day 28:
o Patient/”® had a non-castrate T level.
0 Patient| g did not have a sample from Day 28 and his Day 14 sample was non-
castrate.

Mid-cycle: Day 56
0 Patients ®® had non-castrate levels at Day 56.
o Patient/”® had an insufficient sample for re-analysis at Day 56.
0 Patient {9 had a non-castrate level at Day 128; this was the final visit sample.

End of Dosing Interval: Day 84 pre-dose, Day 168
0 Patient| §had a non-castrate level at Day 168.
o Patient®® had an insufficient sample for re-analysis at Day 84.
o Patient®® was withdrawn from the study and was censored at Day 56.

Acute-on-Chronic: Day 84 1 and 4 hrs post-dose, Day 86
0 Patients ®® had non-castrate levels.
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0 Patients ®® had insufficient samples for re-analysis; note that Patient (g had
a non-castrate level at Day 168.

Based on the both the re-analysis and original analysis of the testosterone samples.

Comparison of re-analyzed/original testosterone levels with interfering peaks found that
interfering peaks occurred at 31 time points. These were not clustered by patient number or
time point. There were no concomitant medications that could explain the interfering peaks.

The table below provides all non-castrate testosterone levels on re-analysis. The 9 time points
with an interfering peak in the original analysis and a re-analyzed sample with a non-castrate T
level are shaded in grey. Note that this table does not show the 22 time points at which the rel

analyzed sample was castrate. At seven of the nine time points, the re-analyzed sample was
non-castrate. The remaining two were considered non-castrate due to an inadequate sample
for re-analysis. Importantly, among the seven, four had a marked difference in results from
Aliquots A and B and all were considered non-castrate. At each of these time points, the
original testosterone level was non-castrate. The difference seen between Aliquots A and B is
not consistent with an interfering peak that is resolved with an improved testing method. The
non-castrate value was used in the primary analysis.

Table 10: Non-castrate Testosterone Level on Re-analysis

Patient Time Point Original T Level (ng/dL) Re-analyzed T Level (ng/dL)
R Day 84 1 hour <10 Insufficient sample
Day 168 235 836 Aliquot A
<10 Aliquot B
Day 128 279 291 Aliquot A
28.5 Aliquot B
Day 28 Missing Missing
Day 84 4 hours 111 Insufficient sample
Day 84 pre-dose <10 Insufficient sample
Day 28 33.4 257
Day 56 91.6 91.7 Aliguot A
28.8 Aliquot B
Day 56 185 121
Day 84 1 hour 149 187 Aliquot A
36.2 Aliquot B
Day 84 4 hour 78.3 90.3
Day 168 <10 43.8 Aliquot A
50.6 Aliquot B
Day 56 52.7 Insufficient Sample
Day 86 71.1 71.1 Aliquot A
23.3 Aliquot B
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* First non-castrate value

Since patients with an insufficient sample for re-analysis were considered non-castrate in the
primary analysis, a sensitivity analysis was conducted to address this issue.

e Patient E';; In the primary analysis, he was non-castrate at Day 84 due to an insufficient
sample for re-analysis. In this sensitivity analysis, he was considered castrate at Day 84.
However, he was non-castrate at Day 168 based on re-analyzed testosterone level.

e Patient EZ; In the primary analysis, he was non-castrate at Day 84 due to an insufficient
sample for re-analysis. In this sensitivity analysis, he was non-castrate at Day 84 since
the original testosterone level was > 50 ng/dL.

o Patient®®: In the primary analysis, he was non-castrate at Day 84 due to an insufficient
sample. In this sensitivity analysis, he was considered castrate at all time points.

e Patient . In the primary analysis, he was non-castrate at Day 56 due to an insufficient
sample. In this sensitivity analysis, he was non-castrate at Day 56 since the original
testosterone level was > 50 ng/dL.

In this sensitivity analysis, castrate levels of serum testosterone were achieved and
maintained from Day 28 to 168 in 94.9% (95% Cl: 90.1, 97.4) of patients. The results are
consistent with the Agency’s primary findings.

A second sensitivity analysis censored patients 154 and 190 prior to administration of radiation
therapy. The result of this analysis was that 94.3% of patients achieved and maintained castrate
testosterone levels from Days 28-168.

Data Quality and Integrity

The organization and presentation of data in this submission in not consistent with other
Agency submissions. However, the data could be analyzed. More importantly, inspections of
both clinical sites and the testosterone analysis facility were considered adequate.

Efficacy Results — Secondary and other relevant endpoints

Both studies included LH, FSH, and PSA as secondary endpoints. Luteinizing hormone and FSH
levels were not analyzed. Findings from evaluation of these laboratories does not add to the
results of the analyses of testosterone. Further, there are no accepted normal range for LH and
FSH, no agreed upon values for elevation following administration of a GnRH agonist, and no
agreed upon values for suppression following down regulation.

The study of the 3 Month Formulation also included an analysis of ECOG performance status
and testosterone levels over time. Testosterone levels over time were evaluated for both trials.

Testosterone Levels

50
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)

Reference ID: 4308428



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 205054}
{Lutrate Depot (Leuprolide acetate for depot suspension}

The following tables shows the mean and median testosterone levels over time. As with other
GnRH agonists, there is an initial surge followed by the development of castrate levels. Note
that mean values are insensitive to the number of non-castrate testosterone levels. In this
analysis, values of 0 or < LLOQ were assigned the LLOQ.

Table 12: Mean and Median Re-analyzed Testosterone Level Over Time-3 Month Formulation

Visit N Mean (SD) Median
Baseline 161 400.4 (167.4) ng/dL 369.0 ng/dL
Baseline 1H 160 430.5 (180.5) 388.5
Baseline 4H 159 437.5(191.9) 402.0
Day 2 161 617.3 (281.2) 580.0
Day 14 162 101.0 (064.6) 84.3
Day 28 161 17.1(20.2) 13.6
Day 56 161 12.5(11.3) BLQ
Day 84 159 11.4 (03.6) BLQ
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Visit N Mean (SD) Median
Day 84 1H 152 12.0 (14.5) BLQ
Day 84 4H 150 11.5(7.4) BLQ
Day 86 156 11.9 (6.0) BLQ
Day 112 156 11.7 (4.1) BLQ
Day 168 152 19.0 (70.6) BLQ

e The LLOQ was 10 ng/dL.
o Patient 46 had an early termination visit at Day 128. This T value was included in the Day 168 visit.

Prostate Specific Antigen

Increases in PSA during the initial 28 days and changes in PSA in patients with non-castrate
testosterone levels were examined.

Among the 163 patients
receiving the 3 Month Formulation, 161 had a baseline and Day 28 value. Ten patients had an
increase in PSA from Day 0 to 28. These increases ranged from 0.03 to 17.6 ng/mL.

Prostate specific antigen was also examined

Among 23 patients with
available PSA levels, three had an elevation in PSA following the non-castrate testosterone
level. These increases ranged from 0.07 to 6.3 ng/mL. Among the 6 patients with non-castrate
testosterone levels who received the 3 Month Formulation, all had a decrease in PSA at time
points after the non-castrate level. While it is encouraging that few or no patients had an
increase in PSA, changes in PSA do not always reflect changes in the tumor.

The table below provides information of PSA levels over time. The low baseline PSAs reflects
the large number of patients with localized disease. Both formulations resulted in a marked
decrease in PSA over the treatment period.
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Table 14: Mean and Median PSA Level Over Time-3 Month Formulation

Visit N Mean (SD) Median
Baseline 162 44.75 (165.37) ng/mL 6.24 ng/mL
Day 14 156 45.16 (166.73) 5.21
Day 28 161 17.42 (92.54) 2.62
Day 56 162 6.24 (27.98) 0.69
Day 84 159 5.27 (31.46) 0.47
Day 112 152 6.26 (42.31) BLQ
Day 168 152 4.75 (29.70) BLQ

« Values reported as < the LLOQ were assigned the LLOQ, 0.36 ng/mL.
« Values reported as > 1080 or > the upper limit of quantitation were assigned 1080 ng/mL.
¢ Patient 46 had an early termination visit at Day 128. This PSA value was included in Day 168 visit.

(b) (4)

Durability of Response

The effect of GnRH analogues, as determined by a decrease in testosterone, can persist after
discontinuation. The duration of low testosterone levels following discontinuation is largely
dependent on patient age (J Urol 2008 180:1432). Early in the disease course, patients are
sometimes given “drug holidays” with resumed dosing triggered by changes in PSA. The effect
of “drug holidays” on patient outcome continues to be debated (NEJM 2013 368:1314). In most
patients, GnRH analogues are given continually and continued after patients develop
castration-resistant disease.

Persistence of EffectSee Durability of Response.

Efficacy Results — Secondary or exploratory COA (PRO) endpoints

None
Additional Analyses Conducted on the Individual Trial

See above.

Integrated Review of Effectiveness
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8.1.3. Assessment of Efficacy Across Trials

Primary Endpoints

The 3 Month Formulation of Lutrate Depot achieved and maintained castrate testosterone
levels in 94.3% (95% Cl: 89.4, 97.0) of patients. The lower bound is only 0.6% less than the
required 90%. Further, one patient in this analysis was considered non-castrate due an
insufficient sample for re-analysis, but had an original testosterone level < 50 ng/dL. The lower
bound for the confidence interval of the sensitivity analysis in which this patient is considered
castrate is > 90%. A larger sample size in all the trials of GnRH analogues would help to narrow
the confidence intervals.

Secondary and Other Endpoints

Use of_ 3 Month Formulations resulted in a decrease in PSA.

Subpopulations

Subgroup analyses were not included in the statistical plan. The effect of age, race, and region
on the development of castrate testosterone levels was examined as an exploratory analysis.
Only values from Day 28 to 168 were examined. Note that the analysis of patients who received
the 3 Month Formulation does not include patients who were considered non-castrate due to
an insufficient sample for re-analysis.
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Table 15: Exploratory Subgroup Analysis

3 Month Formulation
N # Non-castrate
(%)
Age
<60 23 1(4)
61-70 53 3 (6)
71-80 63 2 (3)
81-90¢ 24 0
Race
African-American 49 1(2)
Not African- 113 5 (4)
American
Region
United States 162 6 (4)
Outside the US 0 0

11 patient was age 91
Additional Efficacy Considerations
None

8.1.4. Integrated Assessment of Effectiveness

8.2. Review of Safety
8.2.1. Safety Review Approach

The safety of thel  ®“3 Month Formulations was examined by review of the adverse
event and laboratory datasets. | @@ AEs were collected at each visit and patients
were asked to keep a diary in which they recorded adverse events (including local reactions)
and concomitant medications. The patient diary was to be reconciled with the case report
forms by the site.

Day 168 was the last follow up visit

Day 168 occurred 30
days after the last dose of the 3 months after the last dose of the 3
Month Formulation. That is, the last visit did not occur 30 days after the physiologic effect of
these sustained release formulations were no longer present.
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8.2.2. Review of the Safety Database
Overall Exposure

See patient disposition above concerning the number of doses of the- 3 Month
Formulation administered.

Adequacy of the safety database

The number of patients exposed to the 3 Month Formulations is relatively small
given the number of patients with advanced prostate cancer.

Periodic Safety Update Reports were submitted providing
8,138 patient-years of exposure to the 3 Month

Formulation. Further, the safety profile of GnRH agonists has seen well described with similar
medications. Literature was not relied upon in the evaluation of clinical safety.

8.2.3. Adequacy of Applicant’s Clinical Safety Assessments
Issues Regarding Data Integrity and Submission Quality

The data integrity and submission quality are acceptable. The findings of the clinical site
inspections were considered acceptable by the Office of Scientific Integrity. The organization of

the submission is poor, but all elements essential to the review were identified.
The AE dataset for

the 3 Month Formulation contains incorrect flags. Both datasets include AEs that were reported
to have occurred prior to the first dose, but which are reported to be related to study drug
(e.g., hot flush). The quality of the narratives was poor.

Categorization of Adverse Events

table. For the AE tables, the preferred terms in the dataset were used.
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Table 16: Inaccurate Mapping of Adverse Events

Adverse Event Term Applicant’s Mapping FDA Mapping
Swelling in both ankles Musculoskeletal Disorders, General Disorders,
Joint effusion Edema peripheral
Chest pain(s) | General Disorders, Cardiac Disorders,
Retrosternal pain Chest pain Chest pain
Tightness in chest
Night sweats and hot flashes General Disorders, Night sweats and
| Night sweats Hot flashes
Erythema and sore right upper | General Disorders, General Disorders,
buttock Injection site erythema Injection site erythema
Redness/soreness at injection Injection site pain
site
Soreness at injection site General Disorders, General Disorders,
Injection site irritation Injection site pain

With the 3 Month Formulation, AEs were
reported and graded using CTCAE v3 from the time of study initiation.

Routine Clinical Tests

With the 3 Month Formulation, safety laboratories were obtained at
baseline and Days 28, 84, 112, and 168. Laboratories were graded as high, low, or normal.

The Applicant was asked to grade the laboratories using CTCAE v. 3 (since this was used for the
AEs with the 3 Month Formulation). However, the normal ranges recorded for some of the
laboratories appear to be incorrect.

8.2.4. Safety Results

Deaths
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3 Month Formulation: There were no deaths.
Serious Adverse Events

The table below provides information on Grade 1-4 serious adverse events (SAEs) that occurred

oy Day 168, [0 0 it [0

reported hyperglycemia. One patient who received the 3 Month Formulation developed
diabetic ketoacidosis. The patient had a history of diabetes, but was on no medications at
entry.

Table 17: Serious Adverse Events

3 Month Formulation
N =163

All SAEs 12 (7%)
Cardiac Disorders

Heart Failure 1

Myocardial Infarction 1

Sick Sinus Syndrome 0

Sinus Bradycardia 0
Gastrointestinal Disorders

Diarrhea 1

Gastritis 0

Incarcerated Hernia 1

Rectal Hemorrhage 1
General Disorders

Non-cardiac Chest Pain 1

Pyrexia 0
Infections

Pneumonia 1
Metabolism and Nutrition

Dehydration 1

Diabetes/Hyperglycemia/DKA 1

Hypokalemia 0

Malnutrition 0
Musculoskeletal Disorders

Back Pain 0
Neoplasms

Benign Neoplasm of Bladder 1

Lung Cancer 0
Nervous System Disorders

Parkinson’s Disease 0
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3 Month Formulation
N =163

Syncope 3
Renal and Urinary Disorders

Hematuria 0

Urinary Retention/Obstruction 0
Skin Disorders

Bullous Pemphigoid 0
Surgical and Medical Procedures

Anticoagulant Therapy 0

Brachytherapy 0

Fall 1

Knee Arthroplasty 0

Meniscus Lesion 0

TURP 0
Vascular Disorders

Aortic Aneurysm 0

1This is grouped with Injury, Poisoning, and Procedural Complications

e One patient who received the 3 Month Formulation was reported to have a bladder neck
tumor. This was coded to the SAE benign bladder tumor. However, review of the
narrative found that this patient did have malignant disease. It appears that obstruction
was due to prostate cancer.

Grade 3-4 Adverse Events

There were
3 Month Formulations,

21 (13%) Grade 3-4 adverse events with the

i~

There was one Grade 4 event among patients who received the 3 Month Formulation, diabetic
ketoacidosis.

Dropouts and/or Discontinuations Due to Adverse Effects

Patients cannot discontinue prolonged release formulations in the typical sense of stopping oral
or intravenous administration of study drug. However, patients can choose not to receive
additional injections.

With the 3 Month Formulation, no patients were reported to have discontinued due to an AE.
However, 1 patient who discontinued due to Patient/Investigator Decision reported hot flushes.
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Significant Adverse Events

Local Reaction

. the 3 Month Formulation, there were 36 reports in 23 patients. Most of the moderate and

severe injection site reactions persisted for one day with one reaction persisting for 13 days.

Table 18: Local Reactions

3 Month Formulation

N=163
All 23 (14%)
Injection Site Pain/Discomfort 18
Injection Site Irritation 0
Injection Site Hemorrhage/Bruising 1
Injection Site Erythema 5
Injection Site Injury?! 0
Injection Site Reaction? 0
Injection Site Swelling 0
Injection Site Induration 4
Injection Site Urticaria 1
Injection Site Warmth 1

1Stinging at the site of injection; 2Hardening of the muscle at the site of injection
[ ]
With the 3 Month Formulation, injection site
soreness and burning were mapped to injection site pain.
Hot Flush/Hyperhidrosis

hyperhidrosis, cold sweats, night sweats) occurred in .
128 (79%) patients receiving the 3 Month

The combined term (hot flush/flushing,

Formulation.

. Hot flushes and sweating are typically the most commonly
reported AEs with GnRH analogues, but there are substantial differences in incidence between
studies using the same dose and schedule. This suggests differences in study conduct.

60
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)

Reference ID: 4308428



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 205054}
{Lutrate Depot (Leuprolide acetate for depot suspension}

Table 19: Hot Flush and Hyperhidrosis

() @)
3 Month Formulation
N =163
Hot Flush/Hyperhidosis 128 (79)
Hot Flush/Flushing 128 (79)
Hyperhidrosis? 8 (5)
lIncludes cold sweats, night sweats
Adverse Events Related to Breast or Testicles
There were few reports of breast pain or enlargement; ®®@ 1 report
with the 3 Month Formulation. Additionally, there were few reports of testicular pain or
atrophy; ®@ 4 reports with the 3 Month Formulation.
Fatigue
Fatigue/asthenia/malaise was reported in ®@ 159

of patients who received the 3 Month Formulation.

Cardiac Adverse Events

Cardiac adverse events were closely examined and GnRH analogues contain a Warning
concerning Cardiovascular Disease. From the short-term small single arm studies used to obtain
the approval of GnRH analogues, no conclusions can be drawn concerning an increase or
decrease in cardiac events. Population-based studies have suggested an increase in ischemic
disease with GnRH analogues.

Gonadotropin-releasing hormone analogues also contain a Warning concerning QT
prolongation since a slight increase in the QT interval is seen with androgen deprivation. Among
the patients who received the 3 Month Formulation, there was one report of Grade 1
ventricular arrhythmia in a patient with a history of coronary disease and a normal potassium
on the day of the event.

The table below provides all Cardiac Disorders and cardiac-related disorders listed under
Investigations. It also provides information on the General Disorders of chest pain or
discomfort. The footnote below the table provides the AE terms and the table itself, the
preferred term.
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Table 20: Cardiac Disorders

3 Month Formulation
N =163

Cardiac Disorders
Angina
Atrial Fibrillation
Cardiac Disorder NOS
Cardiac Failure
Mitral Valve Incompetence
Myocardial Infarction
Myocardial Ischemia
Sick Sinus Syndrome
Sinus Bradycardia
Tachycardia
Ventricular Arrhythmia
General Disorders
Chest Discomfort
Chest Pain
Non-cardiac Chest Pain
Investigations
EKG Abnormal NOS
QT Prolongation
QT Shortened

T Wave Inversion

1Chest heaviness, tightness in chest; ?Tightness in chest
3Atypical chest pain (N=1), Chest pain(s) (4), left sided chest pain (1), retrosternal pain (1), thorax pain (1)

O|lRr|kr|Oo|l0|O|R|R|R|R|[O|kR

[EEN
N

= O

R Rk

e Some of the reports of the General Disorder, chest pain/discomfort appear to be cardiac
in origin.

Diabetes Mellitus/Hyperglycemia

With the 3 Month Formulation, 3 of the 5 patients with
reports of diabetes/hyperglycemia had a history of diabetes/hyperglycemia. One patient on the
3 Month Formulation developed diabetic ketoacidosis.

Treatment Emergent Adverse Events and Adverse Reactions

The table below provides information on Grade 1-4 AEs that occurred in at least 5% of patients
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During the first 28 days of dosing, a disorder in the musculoskeletal system, typically pain or
discomfort, was reported in 20 (12%) and 23 (14%) patients who received the 3 Month
Formulations, respectively. Within the first 28 days, there was u retention
with the two reports with the 3 Month Formulation. Throughout the treatment
period, there were three reports of urinary obstruction/retention with i

reports with the 3 Month Formulation.

Table 21: Treatment Emergent Grade 1-4 Adverse Events in > 5% of Patients in Either Trial

Reference ID: 4308428
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3 Month Formulation
N =163 (%)
Grade 1-4 | Grade 3-4
Al 158 (97) 21 (13)
Gastrointestinal Disorders
Abdominal Pain/Discomfort 13 (8) 0
Diarrhea 21 (13) 2(1)
Constipation 15 (9)
Nausea 14 (9) 0
General Disorders
Injection Site Reaction 23 (14) 0
Asthenia/Fatigue/Malaise 24 (15) 1(0.6)
Edema/Peripheral Edema 6 (4) 0
Chest Pain/Discomfort/Non-cardiac CP 2 (1) 1(0.6)
Infections and Infestations
Upper Respiratory Infection? 28 (17) 0
Urinary Tract Infection 12 (7) 0
Musculoskeletal Disorders
Arthralgia/Arthritis 18 (11) 0
Musculoskeletal Pain/Discomfort 6 (4) 0
Back Pain 10 (6) 0
Extremity Pain 14 (9) 0
Bone Pain 11 (7) 0
Nervous System Disorders
Headache/Sinus Headache 12 (7) 1(0.6)
Dizziness 12 (7) 0
Psychiatric Disorders
Insomnia/Sleep Disorder 8 (5) 0
Renal Disorders
Dysuria/Non-infective cystitis 6 (4) 0
Pollakiuria 20(12) 0
Grade 1-4 | Grade 3-4
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3 Month Formulation
N =163 (%)
Grade 1-4 | Grade 3-4
Nocturia 14 (9) 0
Urinary Tract Pain 13 (8) 1(0.6)
Skin Disorders
Hyperhidrosis? 8 (5) 1(0.6)
Pruritus/Generalized Pruritus 9(6) 0
Vascular Disorders
Hot Flush 128 (79) 5(3)
Hypertension/BP Increased 10 (6) 1(0.6)

lIncludes influenza, influenza-like illness, nasal congestion, nasopharyngitis, rhinitis, rhinorrhea, upper respiratory
tract congestion
2Includes cold sweats, night sweats

e The AE dataset for the 3 Month Formulation contained two AEs (hot flush) with
uncertain start dates that were considered treatment related. Again, these are included
in the table.

Given the large number of adverse event that were considered unrelated as well as the
precedent set with the approval of the Lupron Depot 6 Month Formulation, both treatment
emergent and treatment related AEs will be included in the package insert. Relatedness was
recorded as definite/certain, probably/likely, possible, unlikely/none, and not related. Adverse
events reported to be definite, probably, or possible were considered related. These are shown
in the table below. Note that the relationship between study drug and the AEs is poorly
characterized. For example, three patients were reported to have unrelated injection site
reactions (AE Term injection site soreness).
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Table 22: Grade 1-4 Treatment-emergent and Treatment-related AEs in 2 5% of Patients-3

Month Formulation

3 Month Formulation

N =163 (%)
Treatment-emergent Treatment-related
Grade 1-4 Grade 3-4 | Grade 1-4 | Grade 3-4

All 158 (97) 21(13) | 141(87) 7 (4)
Gastrointestinal Disorders

Diarrhea 21 (13) 2 (1) 2 (1) 0

Constipation 15 (9) 0 1(0.6) 0

Nausea 14 (9) 0 4(2) 0

Abdominal Pain/Discomfort 13 (8) 0 1(0.6) 0
General Disorders

Injection Site Pain/Discomfort 18 (11) 0 15 0

Asthenia/Fatigue 24 (15) 1(0.6) 22 (13) 1(0.6)
Infections and Infestations

Upper Respiratory Infection? 28 (17) 0 0 0

Urinary Tract Infection 12 (7) 0 0 0
Musculoskeletal Disorders

Arthralgia/Arthritis 18 (11) 0 2 (1) 0

Extremity Pain 14 (9) 0 0 0

Bone Pain 11 (7) 0 4 (2) 0

Back Pain 10 (6) 0 1(0.6) 0
Nervous System Disorders

Dizziness 12 (7) 0 2(1) 0

Headache/Sinus Headache 12 (7) 1(0.6) 1(0.6) 0
Renal Disorders

Pollakiuria 20(12) 0 3(2) 0

Urinary Tract Pain 13 (8) 1(0.6) 2(1) 1 (0.6)

Nocturia 14 (9) 0 3(2) 0
Skin Disorders

Pruritus/Generalized Pruritus 9(6) 0 3(2) 0
Vascular Disorders

Hot Flush/Flushing? 128 (79) 5 (3) 127 (78) 5(3)

Hypertension/BP Increased 10 (6) 1(0.6) 0 0

lincludes influenza, influenza-like illness, nasal congestion, nasopharyngitis, rhinorrhea, upper respiratory tract

congestion.

2Includes cold sweat, flushing, hot flush, hyperhidrosis, and night sweats.
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Laboratory Findings
) @

With the 3 Month formulation, laboratories were obtained at baseline,

Days 28, 84, 112, and at the final visit. The Applicant did not provide CTCAE grading Ll

®® Since CTCAE v3 was used to grade the AEs in the study of the 3 Month Formulation, the
Applicant was asked to grade laboratories ®®@ ysing CTCAE v3. Laboratories with
no normal range were removed, but laboratories with no units were included in the FDA
analyses. Laboratories that increased at least 1 grade from baseline were included in the table
below.
There were several concerns about the normal ranges provided. er
The CTCAE v 3 lists
Grade 4 WBC values as < 1.0 x 10°/L. However, in examining these 85 laboratory values, the
results ranged from 3.4-14.2 x 10°/L, suggesting that the normal range was recorded
incorrectly. This also occurred with some of the normal ranges for lymphocytes and
neutrophils. Hematology laboratories with an apparently incorrect normal range and values
that would typically be within or near the normal range were considered normal (Grade 0). The
CTCAE grading provides values for Grade 2-4 hematological events and these were applied to
laboratories with an apparently incorrect normal range. The normal range for the chemistries
appeared to be correct except that creatinine levels were below the lower limit of normal at 27
time points. This appears unlikely in this elderly population. These were considered to be in the
normal range in this analysis.

Examining the laboratory values, a substantial percentage of patients on both studies
developed anemia, generally Grade 1. Anemia is a common adverse event associated with
GnRH analogues. In addition, a substantial percentage of patients on both studies developed
hyperglycemia, increased cholesterol, and increased triglycerides. Metabolic syndrome is a
concern with decreased testosterone. In the absence of a controlled trial, it is difficult to
determine the extent to which this is due to androgen deprivation. Few patients developed
Grade 3-4 liver function tests and no patients met laboratory criteria for Hy’s law.

Table 23: Grade 1-4 Laboratory Abnormalities

@@ 3 Month Formulation
N = 163 (%)
Grade 1-4 Grade 3-4
Hematology

Leukopenia 23 (14.1) 0
Neutropenia 14 (8.6) 0
Lymphopenia 12 (7.4) 2(1.2)
Anemia 60 (36.8) 0
Thrombocytopenia 13 (8.0) 0
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3 Month Formulation
N =163 (%)
Grade 1-4 Grade 3-4
Chemistry
Hyperglycemia 52 (31.9) 7
Increased Cholesterol 46 (28.2) 0
Increased Triglyceride 56 (34.4) 2(1.2)
Increased AST 22 (13.5) 0
Increased ALT 17 (10.4) 0
Increased Bilirubin 4 (2.5) 0
Increased Alkaline 10 (6.1) 1(0.6)
Phosphatase
Increased Creatinine 19 (11.7) 0
Hypernatremia 8(4.9) 4(2.5)
Hyponatremia 10 (6.1) 1(0.6)
Hyperkalemia 4 (2.5) 1(0.6)
Hypokalemia 5(3.1) 0
Hypercalcemia 11 (6.7) 0
Increased Creatine Kinase 29 (17.8) 1(0.6)

IN = 158 for platelets, 140 for glucose, 157 for calcium
Vital Signs

The on-study vital signs are consistent with an elderly population with substantial co-morbid
disease. Changes in vital signs did not contribute to the safety profile. [ 0@

seven on the 3 Month Formulation had a > 30 bpm difference between on-study
and baseline heart rate. Most of the on-study heart rate were near the normal range. One
patient on the 3 Month Formulation had a heart rate of 50 bpm and a pacemaker infection was
reported. Systolic blood pressures > 160 (N=46) and diastolic blood pressures > 100 (N=4)
during the treatment period were also examined. The majority of these patients had a history
of hypertension.

Electrocardiograms (ECGs)

Wave forms were not submitted for evaluation by QT-IRT. There were no eligibility
requirements concerning the QT interval in either study.

With the 3 Month Formulation, EKGs were
obtained at Days 0, 28, 84, 112, and 168. Low testosterone levels have been associated with a
slight prolongation in the QT interval and GnRH analogues typically contain a Warning
concerning QT prolongation.
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(b) (4)

Among the patients who received the
3 Month Formulation, nine patients were also found to have a QTcF interval > 500 ms during
the study period. Eight of the nine patients did not have a baseline value > 500 msec.

Qr
See above.
Immunogenicity
Not applicable.
8.2.5. Analysis of Submission-Specific Safety Issues

The AEs that occurred during both trials are consistent with the AE profile of other GnRH
agonists and no new safety signals were identified. Adverse events seen during the trials of the

®®@ 3 Month Formulations of Lutrate Depot that have been associated with other GnRH
analogues including tumor flare, hyperglycemia/diabetes, cardiovascular disease, and QT
prolongation. Seizures were not seen. Hot flushes and injection site reactions were also
reported. A small number of patients experienced an increase in muscle or bone pain during
the first 28 days, but most patients had localized disease. Urinary retention was seen.

8.2.6. Clinical Outcome Assessment (COA) Analyses Informing
Safety/Tolerability

Patients who received the| ®® 3 Month Formulations were asked to complete a Bone Pain,
Urinary Pain, and Urinary Symptoms questionnaire. These assessments asked them to rate, on a
scale of 1 to 10 where 1 is no pain/symptoms and 10 is worst pain/symptoms, their symptoms.
In all the tables below, the pain/symptom score is shown in the column on the left and the
number of patients with that pain score is shown at various time points during the study period.
Most of the patients who received Gl

the 3 Month Formulation did so. For example, 157 patients received
their 2" dose of study drug on Day 84, but only 54 patients completed the questionnaire on
Day 84. The questionnaires for the 3 Month Formulation are, therefore, uninterpretable due to
a substantial amount of missing data.

Bone Pain
)@
Among the nine patients with a bone pain score > 5, four reported a related adverse

event. Two patients had a baseline bone pain score > 5. One of these patients had an initial
increase and then a decrease to 2 by Day 4. However, the pain score increased again at Day 56
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and subsequently decreased to 1-2. The other patient had pain scores of 5-8 throughout the
treatment period.

Among the patients who received the 3 Month Formulation, all patients reported a pain score
of 1 on Days 2 and 14. This may be due to the presence of localized rather than metastatic
disease in the majority of patients. Throughout the treatment period, four patients reported a
bone pain score > 5. Two of the four reported related AEs. Examining pain scores over time, in
the six patients with a pain score > 1 at baseline, five patients had subsequent scores of 1. The
remaining patient had a decrease in pain score to 1 that rose to 10 on Day 56.

Table 25: Bone Pain-3 Month Formulation
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Baseline | Day2 | Day14 | Day28 | Day56 | Day 84 | Day 86 |Day 112| Day 168

N 157 151 120 99 64 54 77 53 59
Score

1 151 151 120 99 62 50 74 52 59
2 2 0 0 0 0 1 0 0 0
3 3 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 1 0 0
5 0 0 0 0 0 1 1 1 0
6 1 0 0 0 0 1 0 0 0
7 0 0 0 0 1 1 1 1 0
8 0 0 0 0 0 0 0 0 0
10 0 0 0 0 1 0 0 0 0
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Urinary Pain

Among the patients who received the 3 Month Formulation, there was one patients who
reported a urinary pain score > 5 during the treatment period. This patient had a baseline value
of 1 that rose to 10 on Day 2 and was reported as 1 from Day 28 onward. This patient reported
urinary tract and pelvic pain and may have been an example of tumor flare. One patient
reported a score of 2 at baseline and had subsequent scores of 1.

Table 27: Urinary Pain-3 Month Formulation
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Baseline | Day2 | Day14 | Day28 | Day56 | Day 84 | Day 86 |Day 112| Day 168

N 157 151 120 99 64 54 77 53 59
Score

1 156 150 119 99 63 52 77 52 58
2 1 0 1 0 1 1 0 1 0
3 0 0 0 0 0 1 0 0 1
10 0 1 0 0 0 0 0 0 0
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Urinary Symptoms

Among the patients who received the 3 Month Formulation, six had a urinary symptom score >
5 at some point during the treatment period. Two of these patients reported related AEs.
Among the three patients with a urinary symptom score > 5 at baseline, one patient improved
to a score of 1 and later again increased to 6, one improved to a score of 1, and the third had
only 1 additional score recorded (also 7). Again, it is difficult to determine if urinary symptoms
are related to the prostate cancer itself.
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Table 29: Urinary Symptoms-3 Month Formulation

Baseline | Day2 | Day14 | Day28 | Day56 | Day 84 | Day 86 |Day 112| Day 168

N 157 151 120 99 64 54 77 53 59
Score

1 140 136 107 90 59 47 72 48 54
2 2 2 3 3 3 4 3 3 2
3 4 6 3 0 0 1 0 1 0
4 2 1 1 1 1 1 0 0 0
5 6 4 5 2 1 1 2 0 0
6 2 1 1 1 0 0 0 1 2
7 1 0 0 1 0 0 0 0 1
8 0 0 0 1 0 0 0 0 0
10 0 1 0 0 0 0 0 0 0

8.2.7. Safety Analyses by Demographic Subgroups

The tables below provide information on the incidence of AEs that occurred in > 10% of the
®® by race and age.

population

Race

(b) (4)

The majority of patients were White. Here, race is broken down by White/Other. Grade 1-4 AEs
were less likely to be reported by Whites with some increase in reports of hot flush among
patients whose race was categorized as Other.

Table 30: Grade 1-4 Adverse Events in > 10% of Patients by Race

White Other

N = 243 (%) N = 80 (%)
All 213 (88) 77 (96)
Arthralgia/Arthritis 24 (10) 11 (14)
Asthenia/Fatigue/Malaise 39 (16) 9(11)
Hot Flush/Flushing 147 (60) 58 (73)
Injection Site Reaction 42 (17) 12 (15)

Age

Unlike most trials intended for approval, prostate cancer trials enroll an older population with
few patients less than age 65. The difference in the incidence of Grade 1-4 AEs was small and
the incidences of AEs such as fatigue or hot flushes were similar by age. Younger patients would
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be expected to report a higher incidence of hot flush.
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Table 31: Grade 1-4 Adverse Events in > 10% of Patients by Age

265 Years < 65 Years
N =246 N =77
Al 220 (89) 70 (91)
Arthralgia/Arthritis 24 (10) 11 (14)
Asthenia/Fatigue/Malaise 35 (14) 13 (17)
Hot Flush/Flushing 159 (65) 46 (60)
Injection Site Reaction 40 (16) 14 (18)

8.2.8. Specific Safety Studies/Clinical Trials
None

8.2.9. Additional Safety Explorations
Human Carcinogenicity or Tumor Development

Carcinogenicity studies were not conducted by GP Pharm, but the 505(b)(2) refers to
carcinogenicity studies with leuprolide acetate conducted by other Applicants. Carcinogenicity
studies in rats with leuprolide acetate found pituitary hyperplasia, pituitary adenomas,
pancreatic islet cell adenomas, and testicular interstitial cell adenomas. Carcinogenicity studies
in mice found no leuprolide acetate-induced tumors. The doses of leuprolide acetate used in
these animal carcinogenicity studies was higher than the dose of leuprolide acetate used
clinically. Humans have received 10-20 mg/d of leuprolide acetate for 2-3 years without
demonstrable pituitary abnormalities.

Human Reproduction and Pregnancy

Again, these studies were conducted by other Applicants and referred to in the 505(b)(2). In
rats, leuprolide acetate resulted in resulted in atrophy of the reproductive organs and
suppression of reproductive function. These doses were lower than those used in humans.
Changes in the reproductive organs were reversible after discontinuation of leuprolide.

Given leuprolide acetate, pregnant rabbits had an increase in major fetal abnormalities while
pregnant rats had an increase in fetal mortality. Both studies used a dose of leuprolide acetate
lower than that administered to humans.

To encourage exploration of the use anti-cancer agents in female patients, a decision has been
made to no longer contraindicate GnRH analogues in pregnancy. Lutrate Depot will not,
therefore, be contraindicated in pregnancy.

Pediatrics and Assessment of Effects on Growth
Not applicable
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Lutrate Depot is only indicated in the palliative treatment of advanced prostate cancer.
Prostate cancer is rarely or never seen in children.

Overdose, Drug Abuse Potential, Withdrawal, and Rebound

Not applicable

Following discontinuation of Lutrate Depot or other GnRH agonists, males often have a
prolonged period of testosterone suppression followed by normalization. The duration of
testosterone suppression appears to be age dependent.

8.2.10. Safety in the Postmarket Setting
Safety Concerns Identified Through Postmarket Experience

Pituitary apoplexy and decreased bone density have been noted in the postmarketing setting
with GnRH agonists and these adverse reactions will be included in the Lutrate Depot package

insert.

Periodic Safety Update Reports for Lutrate Depot ®® 22.5 mg from August 2012 to

July 2017 and August 2017 to June 2018 were reviewed. Gl
8,138 patient-years of exposure to the 22.5 mg

product.

Identified safety concerns listed in the PSUR include hypersensitivity reactions, testicular
atrophy, gynecomastia, depression, suicide, hepatic dysfunction, sexual dysfunction, decreased
libido, impotence, and pneumonitis/ILD.

With Lutrate Depot, anaphylaxis and pituitary apoplexy have been seen in the postmarketing
setting.

Expectations on Safety in the Postmarket Setting

Outside the US, LI
the 3 Month Formulation since 2015. Further, GnRH agonists have been marketed since the
1980s. Compared to other anti-cancer agents, GnRH agonists are well tolerated. It is unlikely
that new postmarketing events will be identified. However, PSURs will be followed for the
development of rare events.
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8.2.11. Integrated Assessment of Safety

SUMMARY AND CONCLUSIONS

8.3. Statistical Issues

The statistical analysis plan for evaluating the primary endpoint was based on an exact two-
sided binomial test. The percentage of patients who achieved and maintained castrate
testosterone levels at Applicant pre-specified key time points was estimated with the exact
method. This method could be affected by the amount of missing data at the key time points,
since patients would be considered “successful” in achieving or maintaining castration if the
missing data was assessed as unrelated to study drug. This may introduce bias in an open-label
study since it was necessary to determine whether a missing data point was related or
unrelated to study drug. The statistical plan did not discuss issues related to testosterone levels
at the other time points. This again is problematic since a patient with a castrate testosterone
level at a key time point would be considered “successful,” but may have non-castrate
testosterone levels at multiple other time points. To better address issues concerning missing
data and testosterone surges in the study, it is more suitable to use the Kaplan-Meier method
for analysis of the maintenance of castration.

8.4. Conclusions and Recommendations
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(b) (4)

e Lutrate Depot 22.5 mg (3 Month Formulation)

O Lutrate Depot 22.5 mg achieved and maintained castrate (< 50 ng/dL)
testosterone levels in 94.3% (95% Cl: 89.4, 97.0) of patients.

= The lower bound of the 95% confidence interval, 89.4%, is slightly below
the Agency standard of a lower bound of > 90%. Note that one patient in
this analysis was considered non-castrate due an insufficient sample for
re-analysis, but that the remaining testosterone levels were < 50 ng/dL.
In a sensitivity analysis in which this patient was considered to have a
castrate testosterone level, the lower bound of the 95% confidence
interval was > 90%. A larger sample size in all the trials of GnRH
analogues would help to narrow the confidence intervals.

0 The safety profile of Lutrate Depot 22.5 mg is consistent with other GnRH
agonists.

= There were no deaths during the study period.
= One patient discontinued due to intolerable hot flushes.

= Serious adverse events occurred in 7% and Grade 3-4 events in 13% of
patients.

= Grade 1-4 adverse events in > 10% of patients included: hot flushes,

upper respiratory infection, fatigue, diarrhea, pollakiuria, arthralgia, and
injection site pain.

= Grade 1-4 laboratory abnormalities in > 20% of patients included:
anemia, increased triglyceride, hyperglycemia, and increased cholesterol.

0 A Postmarketing Requirement to fully test syringe performance for the
combination product, mannitol diluent in syringe will be issued. A Postmarketing
Commitment concerning the development of an improved method for in vitro
drug release testing has also been agreed to.

0 Approval is recommended.
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X X

Hui Zhang Shenghui Tang, PhD
Primary Statistical Reviewer Statistical Team Leader

X X

Virginia Ellen Maher, M.D. Virginia Ellen Maher, M.D.
Primary Clinical Reviewer Clinical Team Leader

9 Advisory Committee Meeting and Other External Consultations

There are several approved GnRH agonists and an Advisory Committee meeting was not
needed.

10 Pediatrics

Since prostate cancer is not seen in pediatric patients, a pediatric waiver was requested and
granted.

11 Labeling Recommendations

11.1. Prescription Drug Labeling

FDA made revisions throughout the Lutrate labeling based on the most current efficacy and
safety information available for leuprolide acetate for depot suspension products. ks
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and Clinical and Statistical Evaluation). For complete details, see the final approved prescribing
information (USPI) accompanying the NDA 205054 FDA approval letter.

Summary of Significant Labeling Changes

Section

Proposed Labeling

Approved Labeling
(As of August 3, 2018)

Highlights of Labeling

See the corresponding revisions in the Full Prescribing Information.

Full Prescribing Information (FPI)

1. Indications and
Usage

2. Dosage and
Administration

FDA removed

3. Dosage Forms
and Strengths

4. Contraindications

79

FDA revised to provide the dosage form (For
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5. Warnings and
Precautions

(b) (4)

5.6 Laboratory Tests

FDA removed passive language that was
inconsistent with the advice in this section
regarding required laboratory monitoring.

5. Warnings and
Precautions

5.7 Embryo-Fetal
Toxicity (added by
FDA)

FDA added the following:

“5.7 Embryo-Fetal Toxicity

Based on findings in animal studies, LUTRATE
DEPOT may cause fetal harm when
administered to a pregnant woman. In animal
developmental and reproductive toxicology
studies, administration of the monthly
formulation of leuprolide acetate on day 6 of
pregnancy (sustained exposure was expected
throughout the period of organogenesis)
caused adverse embryo-fetal toxicity in
animals at doses less than the human dose,
based on body surface area, using an
estimated daily dose. Advise pregnant patients
and females of reproductive potential of the
potential risk to the fetus [see Use in Specific
Populations (8.1)].”

6. Adverse FDA added the cross reference to adverse
Reactions reactions (ARs) discussed in more detail in the
Warnings and Precautions sections of the
labeling.
6. Adverse 6.1 Clinical Trials FDA revised the clinical trial description for
Reactions Experience LUTRATE DEPOT 22.5 mg to add the duration

of treatment (24 weeks), number of patients
treated, and incidence of Grade 3-4 ARs.

The AR table (Table 2) was revised to include
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treatment-emergent and treatment-related
ARs with an incidence of > 5%. Based on FDA
safety review, Table 1 was revised to add ARs
for upper respiratory tract infection, diarrhea,
arthralgia/arthritis, constipation, extremity
pain, nocturia, abdominal pain/discomfort,
urinary tract infection, dizziness, headache,
back pain, hypertension, and pruritus.

The incidence rates for treatment-emergent
and treatment related ARs were also revised
based on FDA safety analysis.

FDA added a statement to identify erectile
dysfunction and testicular atrophy ARs that
occurred in the study.

Adverse
Reactions

6.2 Postmarketing
Experience

FDA revised the proposed ARs to add
anaphylaxis, depression, pneumonitis, and
interstitial lung disease.

Use in Specific
Populations

8.

Use in Specific
Populations

8.1 Pregnancy

(b) (4~

b
FDA removed LE

FDA revised this section to add that the fetal
harm risk with LUTRATE DEPOT was based on
findings from animal studies and the
mechanism of action.

b’
FDA removed el

8.2 Lactation

FDA revised this section to inform HCPs that
the safety and efficacy of LUTRATE DEPOT has
not been established in women and there is no
information regarding the presence of
LUTRATE DEPOT in human milk, the effects on
the breastfed child, or the effects on milk
production.

8.

Use in Specific

8.3 Females and

FDA added this subsection and the following to
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Populations

Males of
Reproductive
Potential

this labeling:

“Based on findings in animals and mechanism
of action, LUTRATE DEPOT may impair fertility
in males of reproductive potential [see
Nonclinical Toxicology (13.1)].”

11. Description

FDA revised the Description section to provide
the leuprolide acetate molecular weight as a
free base, additional product characteristics,
and route of administration.

14. Clinical Studies

14.1 LUTRATE
DEPOT 22.5 mg for
3-Month
Administration

FDA revised the study description for LUTRATE

DEPOT 22.5 mg as follows:

e Revised the evaluable population from-
patients to 162 patients and adjusted the
efficacy results accordingly.

e Removed

e Added the following demographic and
baseline disease characteristics: “The
median age was 71 years (range; 47-91),
62% White, and 30% Black or African-
American.”

FDA revised the study results description as

follows:

e FDA removed

e FDA removed

e FDA also removed

o FDA removed
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(b) (4)

15. References Added “OSHA Hazardous Drugs. OSHA.
http://www.osha.gov/SLTC/hazardousdrugs/index
.html”.

17. Patient FDA revised this section to be consistent with
Counseling the FDA Guidance for Patient Counseling
Information Information (e.g., reformatted with counseling

topics, cross references, and language directed

to HCPs.

FDA added information related to tumor flare,

hyperglycemia, cardiovascular disease,

infertility, and continuation of LUTRATE DEPOT
with additional medications for prostate
cancer as a counseling topics to this section.

12 Risk Evaluation and Mitigation Strategies (REMS)

There is substantial safety information concerning this product and concerning GnRH agonists.
A REMS is not planned.

13 Postmarketing Requirements and Commitment

Postmarketing Requirement

The Applicant has not provided an adequate assessment of the performance characteristics of
the pre-filled syringe containing mannitol (diluent). Syringe performance is a concern because
one patient on the trial did not receive a full dose of study drug and because there have been
reports of difficulties with administration with other products. The Applicant will, therefore,
fulfill the following Postmarketing Requirement.

Assess the break loose and glide force necessary for the safe administration of
Lutrate Depot 22.5 mg with syringes that are at the beginning and end of their
shelf life, and submit a final study report. Develop a standing protocol to control
the essential performance characteristics and regular testing of the break loose
and glide force, and dose accuracy for the combination product, pre-filled
syringe containing 2 mL mannitol for injection.

Final Report Submission: 02/2019

Postmarketing Commitment
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The Applicant’s method of in vitro drug release testing is acceptable on an interim basis.
However, the Applicant has agreed to develop an improved method of in vitro drug
release testing. The Postmarketing Commitment will read as follows:

Development and validation of an accelerated in vitro drug release method and
setting of the drug release acceptance criteria for Lutrate Depot (leuprolide
acetate) 22.5 mg product.

Interim Report: 02/2019
Final Report: 08/2019
Other (submit as PAS): 08/2019

The Applicant was asked to submit a meeting request at the time of submission of the
interim report so that the findings can be discussed.
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14 Division Director (OCP)

X

Atig Nam Rahman, PhD
Division Director, OCP

15 Associate Division Director (OB)

X

Jason Schroeder, PhD
Associate Director, DBV

16 Deputy Division Director (Clinical)

Amna lbrahim, MD
Deputy Division Director, DOP1

85
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)

Reference ID: 4308428



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 205054}
{Lutrate Depot (Leuprolide acetate for depot suspension}

17 Appendices

17.1. References
Reference are included within the text.

17.2. Financial Disclosure

86
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)

Reference ID: 4308428



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 205054}

{Lutrate Depot (Leuprolide acetate for depot suspension}

Covered Clinical Study: GP/C/05/PRO-3 Month Formulation

Was a list of clinical investigators provided:

Yes |E

No [_| (Request list from
Applicant)

Total number of investigators identified: 29 principal investigators from sites that enrolled

employees): 0

Number of investigators who are Sponsor employees (including both full-time and part-time

0

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):

54.2(a), (b), (c) and (f)):

Significant payments of other sorts:

Sponsor of covered study:

Significant equity interest held by investigatorin S

If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR

Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study:

Proprietary interest in the product tested held by investigator:

Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes |:|

No [_| (Request details from
Applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes D

No [_] (Request information
from Applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0

Is an attachment provided with the
reason:

Yes |:|

No |:| (Request explanation
from Applicant)

17.3. Nonclinical Pharmacology/Toxicology

Not applicable
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17.4. OCP Appendices (Technical documents supporting OCP
recommendations)

17.4.1. Bioanalytical Methods

LEUPROLIDE

Study GP/C/05/PRO (22.5 mg)

Leuprolide plasma concentrations were measured in patients using a validated enzyme
immunoassay (EIA) technique. Blood was collected in 10 mL PET tubes containing 25 uM
PPACK, 4.5 mM EDTA and 500 KIU/mL aprotinin, and then centrifuged (1600 x g at 4°C for 15

minutes). Plasma was collected into PP tubes, divided into 2 aliquots and stored at -70°C or
colder before analysis.

88
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)

Reference 1D: 4308428



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 205054}
{Lutrate Depot (Leuprolide acetate for depot suspension}

The characteristics of the bioanalytical method are summarized below (Error! Reference source
not found.), based on the Validation report (@ Project Code: UX034) for “Determination
of Leuprolide in Human Plasma by EIA.”

Table 33: Characteristics of the Validation Enzyme Immunoassay (EIA) Method Used to
Measure Leuprolide Plasma Concentrations in Trial GP/C/05/PRO

Calibrated Range 0.050 - 2.00 ng/mL

Defined LLOQ 0.100 ng/mL

Defined ULOQ 1.75 ng/mL

Inter-assay Accuracy [bias %] Between -3.4% and 11.6%

Inter-assay Precision [CV%] (ICH: Intermediate Precision) | Between 3.70% and 11.3%

Intra-assay Accuracy [bias%] Between -13.7% and 27.6%

Intra-assay Precision [CV%] (ICH: Repeatability) Between 0.433% (VSULOQ 2.00
ng/mL) and 10.7%

TESTOSTERONE

Upon the request of the Division of Oncology Products 1 (DOP1), the Office of Study Integrity
and Surveillance (OSIS) conducted an inspection of the bioanalytical assays used in the
measurement of testosterone concentrations in the two pivotal Phase 3 trials. The OSIS
inspection concluded that the bioanalytical assays used for the measurement of testosterone
concentrations are acceptable.
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Phase 3 Study GP/C/05/PRO

Initial (Old) Method Validation

A total of 2066 human plasma samples (N=163) in Phase 3 Study GP/C/05/PRO were analyzed
for the content of testosterone according to the bioanalytical method “Quantitative
Determination of Testosterone in Human Plasma by LC-MS/MS.” Testosterone and the internal
standard were extracted from plasma by liquid/liquid-extraction. The samples were analyzed by
LC-MS/MS using Turbo lon Spary lonization and Multiple Reaction Monitoring (MRM). The
standard curves were linear the measured range of 0.100 ng/mL to 10.0 ng/mL. The lower limit
of quantification was 0.100 ng/mL using 0.250 mL plasma.
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Table 35: Characteristics of the Initial LC/MS/MS Method Used to Measure Testosterone

Plasma Concentration in Trial GP/C/05/PRO

Validated Parameter Testosterone
Calibration Range (ng/mL) 0.250-10.0
LLOQ (ng/mL) 0.250

R2 (overall mean) 0.99810
Inter-run precision* (%CV) 29t04.2
Inter-run accuracy* (%Bias) 5.8

Intra-run precision* (%CV) 0.8t0 2.6
Intra-run accuracy* (%Bias) 10.6
Selectivity No problem
Matrix test No problem
Stability in Plasma at room temperature At least 24 hours
Stability after 3 Freezing/Thawing cycles No problem

Stability of extracts of samples in a refrigerator (5°C + 3°C)

At least 72 hours

Stability of prepared samples at room temperature

At least 24 hours

Stability of prepared samples under autosampler
conditions (~10°C)

At least 72 days

Stability of prepared samples in a refrigerator (5°C + 3°C)

At least 72 days

Stability in plasma -20°C + 5°C

At least 15 days

Stability of analyte in stock solution

490 days at 5°C + 3°C/6h at RT

Stability of analyte in working solution

490 days at 5°C + 3°C/6h at RT

Stability of I.S. in the stock solution

496 days at 5°C + 3°C/6h at RT

Stability of I.S. in the working solution

15 days at 5°C + 3°C/6h at RT

Recovery

79% for analyte and IS

Matrix Effect

No effect observed

Dilution procedures

4-fold

Sample Reanalysis

Due to the interference observed in a small sub-group of samples (Figure 1) during the
measurement of testosterone, the sponsor developed as modified method with a different

mass transition (289->109). A comparison of the old (original) method and the new (modified)
method used for sample reanalysis is summarized below (Error! Reference source not found.).

The Applicant relied on the validation of the original method and modified it with respect to
testosterone specific mass transfers and partially revalidated the modified (new) method
(validaton-report-TX005-Amend05). The re-validation experiments “matrix effect,” “inter-
and intra-run accuracy and precision,” “out of range dilution,” and “selectivity” were
performed. A summary of the revalidation results is provided below (
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Table 36: A Comparison of Re-validation Results of the Modified Method to the Original
Method

).

Table 36: A Comparison of Re-validation Results of the Modified Method to the Original

Method
Validated Parameter Modified Method (mass | Original Method (mass
transition 289 -> 109) transition 289 ->97)
Inter-run precision cv=2.0%to 14.5% cv=2.2%1010.7%
Inter-run accuracy bias=-4.3t0-1.8% bias =-4.9 to 4.4%
Intra-run precision cv=15%1t08.2% cv=0.6%to 10.6%
Intra-run accuracy bias =-3.7t08.2% bias=-3.6t01.8%
Out of range dilution (DF=4) cv=15% cv=15%
Out of range dilution (DF= 4) bias =-6.2 bias =-8.2
Selectivity acceptance criteria acceptance criteria
Matrix effect (IS-normalized) 1.0155 (cv < 15.0%) 1.0131 (cv < 15.0%)
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Table 37: Comparison of Original and Modified Bioanalytical Methods for Quantitative
Determination of Testosterone in Human Plasma Samples

I

Analyte

Testosterone

Internal Standard (IS)

d3-Testosterone

Plasma sample volume 250 pL

Extraction Liquid-liquid

HPLC

Column Phenomenex Gemini C18, 50x3.0 mm, 5 pm

Injection volume

20 pL

Mobile phase flow rate: 0.300 mL/min

0.15% Formic acid-Methanol

Run time (min)

4.70 4.70

MS Conditions

Mass spectrometer

AB Sciex APl 3000

lon Source

Turbo lon Spray

Polarity run time

positive ions

Mother ions

m/z= 289,1 (Testosterone)

m/z= 2521 (15)

MRM mass ranges

miz= 97,0 (Testosterone) | m/z= 109,0 (Testosterone,

quantitative)

m/z= 97,0 (IS) miz= 97,0 (IS)

m/z= 97,0 (Testosterone,
qualitative)

m/z= 2572 (Non-
Testosterone specific)

Calibration range

0,100-10,0 ng/mL

LLOQ 0,100 ng/mL

Qcs 0,300 ng/mL; 2,00 ng/mL ; 8,00 ng/mL

Samples analyzed 2066 2057
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17.4.2. OSIS Report

MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

TO Julia Beaver, M.D.
Director
Division of Or
Cffice of Hem
Office of New

William Chong, M.D

Director (ARcting)

Division of Metabolism and Endocrinology Products
Office of Drug Evaluation II

Office of New Drugs

Atiqur Rahman, Ph.D.
Director

Division of Clinical Pharmacology V
Office of Clinical Pharmacolog

e -

Office of Translational Sci

FROM: Gajendi

i 1 dewvan, Ph.D
Division of New Drug Biocequivalence Evaluation (DNDBE)
dffice of Study Integrity and Surveillance (0S5IS)

THEROUGH: Ar
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Form FDA 483 was issued at the inspection close-out. The final
inspection classification is Voluntary Action Indicated (VAI).

Significant ocbjectionable conditions were observed during this
inspection that impacted the reliability of a portion of data
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from study GP-C-05-PRO.

17.5.  Additional Clinical Outcome Assessment Analyses

See above.
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HUIMING XIA
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HUI ZHANG
08/22/2018

SHENGHUI TANG
08/22/2018

ROBERT J SCHROEDER
08/22/2018
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Signed on behalf of Dr Virginia (Ellen) Maher

AMNA IBRAHIM

08/28/2018
All disciplines recommend approval for the 22.5 mg formulation. This formulation will be
approved with two PMCs. ) (4)
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these recommendations.
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Division Director Review

Summary Review for Regulatory Action

Date (electronic stamp)

From Geoffrey Kim, MD

Subject Division Director Summary Review
NDA/BLA # 205054/0

Supplement #

Applicant Name GP Pharm, S.A.

Date of Submission July 31, 2014

PDUFA Goal Date May 31, 2015

Proprietary Name / Lutrate Depot/leuprolide acetate
Established (USAN) Name

Dosage Forms / Strength @72 5 mg for intramuscular injection

Proposed Indication(s)

Palliative treatment of advanced prostate cancer

Action/Recommended Action for
NME:

Complete Response

Material Reviewed/Consulted
OND Action Package, including:

Names of discipline reviewers

Medical Officer Review Yangmin M Ning

Statistical Review Hui Zhang

Pharmacology Toxicology Review | Eias Zahalka

CMC Review/OBP Review Li-Shan Hsieh

Microbiology Review Neal Sweeny

Clinical Pharmacology Review Pengfei Song

OSI Lauren Iacono-Conners

CDTL Review Virginia Ellen Maher

Biopharmaceutics Review Sandra Suarez Sharp
OND=0ffice of New Dmgs

OSI=0ffice of Scientific Investigations
CDTL=Cross-Discipline Team Leader

1. Introduction

This New Drug Application (NDA 205054) for leuprolide acetate for intramuscular injection
was submitted by GP Pharm S.A. under the provisions of 505(b)(2). The application relies on
FDA’s previous findings regarding nonclinical and safety data for the listed drug, Lupron
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Depot (leuprolide acetate for depot suspension) manufactured for AbbVie Inc. by Takeda
Pharmaceutical Company. The listed drug, Lupron Depot, was approved in 1989 and is
marketed as a prefilled dual-chamber syringe containing sterile lyophilized microspheres
which, when mixed with diluent, becomes a suspension intended as a monthly (7.5 mg) or
every three month (22.5 mg) intramuscular injection. Leuprolide Acetate (GP Pharm) contains
the same active ingredient, proposed route of administration and proposed indications as the
listed drug, Lupron.

There are several major issues with this application pertaining to several disciplines. Major
CMC deficiencies

2. Background

Androgen deprivation is the main therapeutic approach for men with advanced prostate cancer.
Androgen deprivation can be achieved surgically by castration or by the use of various medical
treatments. Luprolide acetate 1s LHRH (GnRH) analog that acts as an agonist on the GnRH
receptors in the pituitary gland. Androgen suppression is achieved by disrupting the normal
pulsatile stimulation of the GnRH receptors. The initial agonist activity causes a transient
surge 1 lutenizing hormone (LH), follicle stimulating hormone (FSH), and testosterone. This
surge typically occurs and resolves within the first 28 days of treatment. Following the initial
surge of testosterone, it would be expected that androgen levels would be suppressed and
remain suppressed without further surges throughout the course of treatment.

The achievement and maintenance of castrate testosterone levels is an accepted endpoint for
the approval of GnRH agonists. For recent approvals of GnRH agonists, the lower bound of
the 95% confidence interval of the percentage of patients achieving and maintaining castrate
testosterone levels has been greater to equal than 87%. In addition, in other recent applications
(Trelstar 22.5 mg IM and Lupron 45 mg IM), testosterone levels were drawn to assess the
potential for unanticipated testosterone surges. The CDTL and combined clinical/statistical
reviews delve in further details regarding the past approvals of other GnRH agonists.

Regulatory History

IND 72,790 was submitted in 2005. A Type C meeting was held in December 2005 to discuss
the development of’ formulations. A pre-NDA meeting was held in October 22, 2012 to
discuss the anticipated NDA submission. In the meeting minutes, FDA stated that the applicant
should establish their proposed drug product and each listed drug upon
which they propose to rely. The applicant was also asked to provide a Kaplan-Meier estimate
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of the proportion of patients achieving castrate testosterone levels from Day 29 to 168. On July
31, 2014, FDA received the NDA.

3. CMC/Device

I concur with the conclusions reached by the chemistry and biopharmaceutics reviewers that
there are outstanding issues which preclude product approval at this time. The chemistry and
biopharmaceutics related deficiencies are summarized as follows:

I also concur with the conclusions reached by the compliance reviewers that there are
outstanding issues which preclude product approval at this time. The Division of Inspectional
Assessment recommends withhold for the following reasons:

4. Nonclinical Pharmacology/Toxicology

From the Pharmacology/Toxicology review, “the Lutrate Depot formulation contains an
excipient, triethyl citrate (TEC), that was not previously characterized when administered by
the intramuscular route. TEC is listed in the FDA Inactive Ingredients Search for Approved
Drug Products and is contained at a maximum potencyh in an oral, delayed-
action tablet. The safety profile of intramuscularly administered TEC was therefore
characterized in a single- /repeat dose (28-day) toxicology study in rats at doses which exceed
that expected clinically. No adverse toxicity was reported in the TEC-treated animals. Based
on this data and previous experience in approved drugs containing TEC for oral
administration, this excipient was considered qualified at the specified level for intramuscular
injection in Lutrate Depot.”
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I concur with the conclusions reached by the pharmacology/toxicology reviewer that there are
no outstanding pharm/tox issues that preclude approval.

5. Clinical Pharmacology

From the clinical pharmacology review: “The applicant submitted the results of open-
label, single-arm Phase 3 trial tud
GP/C/05/PRO for 22.5 mg in 163 patients). Pharmacokinetic (PK) data available from

30 patients in Study GP/C/05/PRO indicated that maximum
plasma concentration (Cmax) of leuprolide was achieved in approximately 2 hour after
intramuscular injection. No obvious accumulation in plasma leuprolide concentrations was
observed after repeated doses of both strengths of LUTRATE DEPOT.

The Office of Scientific Investigation (OSI) inspection concluded that the bioanalytical assays
used for the measurement of testosterone concentrations are acceptable.”

I concur with the conclusions reached by the clinical pharmacology reviewer that there are no
outstanding clinical pharmacology issues that preclude approval.

6. Clinical Microbiology

I concur with the conclusions reached by the clinical microbiology reviewer that there are no
outstanding clinical microbiology or sterility 1ssues that preclude approval.

7. Clinical/Statistical-Efficacy

The Applicant has conducted the following

e GP/C/05/PRO: Efficacy and Safety of a New Leuprolide Acetate 22.5 mg Depot
Formulation in the Treatment of Prostate Cancer.
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Study GP/C/05/PRO was an open-label, single-arm study of GP-Pharm’s Lutrate (leuprolide
acetate 22.5 mg) in patients with histologically proven carcinoma of the prostate who might
benefit from medical androgen deprivation therapy. The primary endpoint was the proportion
of patients with testosterone < 50 ng/dl on Days 28, 84, and 168 over the total number of
patients with testosterone levels on at least one of those dates. Patients who were missing data
(for reasons unrelated to study drug) at these key time points were considered to have
maintained a castrate testosterone level.

Patients received Lutrate 22.5 mg intramuscularly on Day 0 and Day 84, and their testosterone
levels were assessed at the protocol specified time points from Day 0 through Day168. One
hundred and sixty three (163) patients were enrolled and 151 patients completed the study. The
Applicant has included 161 patients in the primary analysis population. This population
excludes 1 patient who discontinued on Day 3 and a second patient (S00117) who
discontinued on Day 56 while he was receiving radiation therapy.

the FDA analysis of the primary endpoint differed
from that of the applicant in that all available testosterone levels between Days 28 and 168
were included in the primary analysis. In addition, in the FDA analysis, if a single data point
was missing and the testosterone levels before and after that data point were < 50 ng/dL, the
patient was considered to have a castrate testosterone level at the missing time point. If two
consecutive data points were missing, the patient was censored in the Kaplan-Meier analysis at
the last available time point. This method prevents the imputation of multiple time points (as
in a last observation carried forward analysis). Further details regarding the differences in the
FDA and applicant’s analysis of the primary endpoint can be found in the primary
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clinical/statistical joint review. According to the FDA analysis which incorporates all available
data the percentage of patients who achieved and maintained castrate testosterone levels was
83.9% (95% CI: 77.3, 88.8) which differs from the results of the applicant’s analysis which
reports the percentage of patients who achieved and maintained castrate testosterone levels
was 98.1% (95% CI: 94.7, 99.6).

®® the percentage of patients who achieved and maintained castrate testosterone
levels was far lower in the FDA’s analysis as compared to the applicant’s analysis. I agree
with the primary clinical and statistical reviewer’s assessment tha " i

in this NDA were not efficacious in mamtaining castration during an

approximately 5-month maintenance period. This was due primarily to a large number of
testosterone surges that were detected after a repeat dose. Given the| ®%¥% overfill of study
product in the clinical batches and the questionable dose uniformity m their manufacturing, the
detected testosterone surges may reflect issues concerning the product quality and/or
leuprolide release equilibrium and efficiency from the suspension depots. Because of the CMC
issues, the reviewers are concerned about the interpretability of clinical data and/or the
reliability of the analyses based on the submitted data.”

Safety

) 4)

One hundred and sixty three (163) patients
received at least 1 dose of the 3 month formulation and 157 received both injections of study
drug. Common adverse events in the two studies were hot flushes, arthralgia, fatigue, injection
site pain or discomfort, headache, and diarrhea. The majority of the adverse events were mild
or moderate ®® Grade 1-2 in Study GP/C/05/PRO. Important laboratory
abnormalities were hyperglycemia, increases in hepatic transaminases and serum creatinine.
The majority of the abnormalities were Grade 1-2. Severe hyperglycemia (Grade 3 or 4) was
found in approximately 6% of patients in each study. The observed adverse events and
laboratory abnormalities were consistent with the known safety profile of other GnRH analogs.
I agree with the primary clinical reviewer and CDTL’s assessment that the adverse event
profile of Lutrate is comparable to other GnRH agonists.

8. Advisory Committee Meeting
Not Applicable

9. Pediatrics

Since prostate cancer does not occur in children, a pediatric waiver has been granted.
10. Other Relevant Regulatory Issues
OSI Clinical Inspections

Three clinical sites were chosen for inspection. For Study GP/C/05/PRO Site 1 (Dr. Neal
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Shore, Myrtle Beach, SC) and Site 24 (Dr. Laurence Belkoff, Bala Cynwyd, PA) were
inspected. : - s

: - These sites were selected for inspection
based on enrollment of large numbers of study subjects and significant primary efficacy results
pertinent to decision making.

Based on the review of inspectional findings for clinical mvestigato e
Dr.
Belkoff (Study GP/C/05/PRO, Site 24), the data for @ GP/C/05/PRO

appear reliable.

There are no other unresolved relevant regulatory issues

1. Labeling

Review of the labeling will be completed during the next cycle or when the application 1s
otherwise approvable.

12, Decision/Action/Risk Benefit Assessment

e Regulatory Action: Complete Response

e Risk Benefit Assessment

Numerous deficiencies related to chemistry and manufacturing were identified that preclude
approval of this application. In addition, the clinical trial results submitted to support the
approval @ failed to demonstrate efficacy in terms of
the percentage of patients achieving and maintaining castrate testosterone levels from Day 28-
168. Although prostate cancer is ultimately a lethal disease, androgen deprivation is able to
control the disease process for a relatively long period of time in men with both localized and
metastatic prostate cancer and there are several GnRH agonists that are currently approved that
have demonstrated efficacy in terms of achieving and maintaining castrate testosterone levels.
The concerns regarding quality and manufacturing of the drug product together with the lack
of efficacy demonstrated in the clinical trials warrant a complete response until these 1ssues are
addressed. I agree with the clinical and statistical review team that based on the available data
submitted in the NDA, an unfavorable risk-benefit profile has been demonstrated for. @@

~ Lutrate and that following the resolution of the CMC,
Biopharmaceutics, and compliance deficiencies, the applicant would be required to conduct
additional clinical trials to demonstrate the safety and efficacy of their product.

o Recommendation for Postmarketing Risk Evaluation and Mitigation Strategies
None
e Recommendation for other Postmarketing Requirements and Commitments
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None
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Cross-Discipline Team Leader Review

Date May 28, 2015

From Virginia Ellen Maher, M.D.
Subject Lutrate Depot. B 225 mg
NDA/BLA # 205054/0

Supplement#

Applicant GP Pharm, S.A.

Date of Submission March 18, 2014

PDUFA Goal Date May 31, 2015

Proprietary Name /
Established (USAN) names

Dosage forms / Strength
Proposed Indication(s)

Lutrate Depot/leuprolide acetate

7 Z T 3
B 22 5 mg for intramuscular injection

Palliative treatment of advanced prostate cancer

Recommended:

Complete Response

Addendum

Based on the facilities inspection of GP Pharm, S.A., the Division of Inspectional Assessment
recommends withhold for NDA 205054. This will be noted in the complete response letter.
Please see withhold memorandum for complete information on the deficiencies. Briefly, these

included:
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Cross-Discipline Team Leader Review

Date December 17, 2014

From Virginia Ellen Maher, M.D.

Subject Lutrate Depot B 225 mg

NDA/BLA # 205054/0

Supplement#

Applicant GP Pharm, S.A.

Date of Submission March 18, 2014

PDUFA Goal Date May 31, 2015

Proprietary Name / Lutrate Depot/leuprolide acetate

Established (USAN) names

Dosage forms / Strength B 22 5 mg for intramuscular injection
Proposed Indication(s) Palliative treatment of advanced prostate cancer
Recommended: Complete Response

1. Introduction
NDA 205054, contains the following mhe

(b) (4)

e GP/C/05/PRO administered 22.5 mg of leuprolide acetate every 3 months to 163
patients.
: O 1 utrate Depot 22.5
mg IM every 3 months for the indication: palliative treatment of advanced prostate cancer.

2. Background

Gonadotropin releasing hormone (GnRH) agonists such as leuprolide acetate cause a transient
surge 1 lutemnizing hormone (LH), follicle stimulating hormone (FSH), and testosterone (T).
This surge desensitizes the LH and FSH receptors and is followed by a sustained decrease in
testosterone to levels similar to those achieved following orchiectomy. Prostate cancer is an
androgen responsive tumor and low testosterone levels result in cancer shrinkage. Over time,
parts of the tumor can become hormone independent and these cells grow despite low levels of
testosterone. However, other parts of the tumor can remain hormone sensitive. Thus, GnRH
agonists are used 1n both hormone-sensitive and castration-resistant disease.

The approval of GnRH agonists for use in prostate cancer has been based on their ability to
achieve and maintain castrate testosterone levels. The initial testosterone surge typically occurs
and resolves within the first 28 days and castrate testosterone levels are measured from Day 28
until the end of study. The study duration is based on the dosing interval and typically extends
through 2 or 3 administrations of the GnRH agonist. Achievement and maintenance of castrate
testosterone levels is typically measured:
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e Prior to the next dose-This permits an assessment of the drug’s ability to maintain
castrate testosterone levels over the entire dosing interval.

e 1-3 days after the second or subsequent dose of the GnRH agonist-This permits an
assessment of the drug’s ability to fully desensitize the LH and FSH receptors and to
maintain castrate testosterone levels following additional stimulation with a GnRH
agonist. If the LH and FSH receptors are not completely desensitized, an increase in
testosterone to non-castrate levels will occur. This is referred to as the acute-on-chronic
effect.

The clinical consequences of an increase in testosterone just prior to the next dose or following
the second or later injections are not known. However, Applicants have been asked to evaluate
these time points and to obtain approval GnRH agonists are expected to maintain castrate
testosterone levels at these time points.

The timing of the testosterone levels and their use in the analysis of the primary endpoint,
achievement and maintenance of castrate testosterone levels, is a major issue in the current
application. Since transfer of the GnRH agonists to the Office of Hematology and Oncology
Products, Trelstar 22.5 mg IM every 6 months and Lupron 45 mg IM every 6 months have
been approved. Note that 60/120 patients in the study supporting the Trelstar 6 month
formulation had testosterone levels drawn to assess the acute on chronic effect. In the study
supporting the Lupron 6 month formulation, the acute on chronic effect was assessed in all
patients. These studies can serve as examples of current expectations for the achievement and
maintenance of castrate testosterone levels. The table below also provides information on
previous approvals of GnRH agonists, the timing of testosterone assessments, and the results
which led to their approval. The information in this table is limited to that in reviews posted on
the FDA website and in package inserts and does not include all GnRH agonists, but is limited
to formulations of leuprolide acetate.
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In July 2011, the Applicant submitted the study of the 3 month
formulation of Lutrate Depot that has been submitted in this application. In October 2012, a
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pre-NDA meeting was held for this application. At that time, the Applicant was asked to
include the results of their pre-specified primary analyses from study in the NDA
submission. The applicant was also asked to provide a Kaplan-Meier estimate of the
proportion of patients achieving castrate testosterone levels from Day 29 to 168.

3. CMC/Device

3 Month Formulation
In the 3 month formulation

The biodegradable polymer is
response for the sustained release of leuprolide over the 3 month period.

the drug product 1s a lyophilized powder that is
reconstituted with diluent within the MIXJECT delivery device and administered
intramuscularly. CDRH was consulted concerning the delivery device for this application and
found no deficiencies.

Numerous CMC deficiencies have been found in this application. Please see final letter to the
Applicant for a list of these deficiencies. The essence of the CMC deficiencies is as follows:

The Applicant provides a-% overfill in drug product to account for drug release/loss
during manufacturing. Thus, patients may receive substantially different amounts of study
drug with each injection.

4. Nonclinical Pharmacology/Toxicology

Applicant also conducted a nonclinical stud

it was thought that Lutrate
Depot 22.5 mg could also rely on the nonclinical information from the Lupron Depot NDA.
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5. Clinical Pharmacology/Biopharmaceutics

3 Month Formulation

Pharmacokinetic data are available for 30 patients treated with the 3 month formulation. These
parameters were assessed after the first and second dose of study drug and their means and
standard deviations are shown in the table below.

Table 3: 3 Month Formulation-Pharmacokinetic Parameters
Cmax (ng/ Il’lL) Tmax (dayS) AUC()_t (Ilg/ mLhr)
Days 1-84 46.8 +18.0 0.1+0.1 1,696.7 + 963.5
Days 84-168 48.3+18.6 0.1 +0.1 2,328.8 +1,134.0

The coefficient of variation for the AUC ranged from 48.5-56.8% for the first 2 doses.

6. Clinical Microbiology
Not applicable

7. Clinical/Statistical- Efficacy
The Applicant has conducted the following _

e GP/C/05/PRO: Efficacy and Safety of a New Leuprolide Acetate 22.5 mg Depot
Formulation in the Treatment of Prostate Cancer.

In this review,
a discussion of the study design and efficacy of the 3 month, 22.5 mg formulation.
In the Safety Review, the - 3 month formulations will be discussed
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3 Month Formulation
GP/C/05/PRO was conducted from October 2011 to May 2013 and enrolled 163 patients at 25
sites in the US.

Eligibility:
1. Patients with carcinoma of the prostate who might benefit from medical androgen
deprivation

2. No evidence of impending spinal cord compression, impending urinary tract
obstruction, or severe pain from extensive bone metastases

3. No previous GnRH analog use for > 6 mos and none within 12 mos of study entry; No
androgen receptor blockers within 3 mos of entry; No 5-alpha-reductase inhibitors
within 3 mos of entry; No alternative therapies which have an estrogenic or anti-
androgenic effect within 3 mos of entry

4. No local, curative therapy to the primary tumor within 2 weeks of entry; Study drug
may be given as neo-adjuvant therapy if local therapy does not start until 2 weeks after
study completion

5. Life expectancy of > 1 year, ECOG PS 0-2

6. Testosterone level above the LLN; adequate bone marrow, renal, and liver function

Treatment:
Leuprolide acetate 22.5 mg IM Day 0 and 84

Monitoring:

o Testosterone levels were obtained at baseline, Day 0 (prior to dosing and 1 and 4 h
post-dose), Days 2, 14, 28, 56, 84 (prior to dosing and 1 and 4 h post-dose), 86, 112,
and /68.

o Samples on the day of dosing (italics) were obtained prior to dosing. These
samples will assess the duration of efficacy of the study drug.

o For the Day 84 injection, samples were obtained at 1 and 4 h post-dose and on
Day 86. These samples will assess the acute-on-chronic effect of study drug.

o Samples were stored at < -20° C at - and then shipped to ﬂ

for the testosterone assay. The testosterone assay used liquid
chromatography and mass spectroscopy. The lower limit of quantitation was
0.1 ng/mL in plasma.
o Safety laboratories were obtained at baseline and at Days 28, 84, 112, and 168.
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Statistical Plan:

The primary endpoint was the proportion of patients with testosterone < 50 ng/dl on Days 28,
84, and 168 over the total number of patients with testosterone levels on at least one of those
dates. Patients who were missing data (for reasons unrelated to study drug) at these key time
points were considered to have maintained a castrate testosterone level. The study drug would
be considered successful if > 93% of patients achieved castrate testosterone levels on these
dates.

Disposition

One hundred and sixty three (163) patients were enrolled and 151 patients completed the
study. The Applicant has included 161 patients in the primary analysis population. This
population excludes 1 patient who discontinued on Day 3 and a second patient (S00117) who
discontinued on Day 56 while he was receiving radiation therapy. The study report states that
the investigator who enrolled this patient was unresponsive to queries, as a result this patient
was considered to have had a major protocol violation, and this patient was, therefore, not
included in the primary analysis population. No patients discontinued due to an adverse event.

Baseline Characteristics
Median age was 72 years and 30% of patients were Black. Data concerning the presence of
metastatic disease was available for 160 patients and 18 patients had metastatic prostate cancer

Primary Endpoint
The table below provides the results of the Applicant and FDA analyses of the percentage of
patients with castrate testosterone levels.

Applicant: The Applicant’s analysis included testosterone levels from Days 28, 84 and 168.
The analysis population included 161patients (see Disposition).

FDA: The FDA analysis included patients who received study drug and who had testosterone
levels available on Day 28. Day 28 was chosen because GnRH agonists typically achieve
castrate testosterone levels by Day 28. The 1 patient who discontinued prior to Day 28 was not
included in the analysis. The analysis period extended from Day 28 to Day 168. Day 168 was
the last on-study visit.

The FDA analysis included all testosterone levels between Days 28 and 168. Inclusion of all
time points resulted in 26 patients with non-castrate testosterone levels. In 17 patients, castrate
testosterone levels were not maintained during/at the end of the dosing interval. This includes
patients who did not have castrate testosterone levels at Days 28, 56, 84 (prior to dosing), 112,
or 168. In 11 patients castration was not maintained during the acute-on-chronic period. That
is, Day 84 1 hr and 4 hr post dosing and Day 86. Note that some patients, both an acute-on-
chronic surge and non-castrate levels over/at the end of the dosing interval were seen.
The handling of missing data in the FDA analysis ek
This method was described above for the 1 month formulation.
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Table 5: 3 Month Formulation-Primary Analysis

Applicant’s Analysis FDA Analysis
N =161 N=162
Percentage with Castrate Testosterone Levels 98.1% 83.9%
(95% CT) (94.7, 99.6) (77.3, 88.8)

Using all the available data, the percentage of patients who achieved and maintained castrate
testosterone levels was far lower than products which have recently been approved.

8. Safety

Exposure

One hun and sixty three (163) patients
received at least 1 dose of the 3 month formulation and 157 received both injections of study
drug.

Deaths and Discontinuations

No patients died

Adverse Events
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The table below provides information on treatment emergent adverse events that occurred in at
least 10% of patients. CTC AE version 3 was used for adverse events grading. Treatment
related adverse events (at least possibly related per Investigator) are also reported for this
single arm study. Note that in 3 patients injection site pain/discomfort was considered
unrelated to study drug (18 vs. 15 patients). This raises concern about the quality of data
collection.
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Table 7: 3 Month Formulation-Treatment Emergent Adverse Events in > 10% of Patients
Treatment Emergent Treatment Related
N=163 N=163
Grade 1-4 Grade 3 Grade 1-4 Grade 3

Vascular Disorders

Flushing/Hot Flush 126 (77%) 5 (3%) 125 (77%) 5 (3%)
General Disorders

Fatigue/Asthenia 24 (15%) 1 (0.6%) 22 1 (0.6%)

Injection Site Pain/Discomfort 18 (11%) 0 15 (9%) 0
Gastrointestinal Disorders

Diarrhea 21 (13%) 2 (1%) 2 (1%) 0
Renal and Urinary Disorders

Pollakiuria 20 (12%) 0 4 (2%) 0
Musculoskeletal Disorders

Arthralgia 18 (11%) 0 2 (1%) 0

Injection site reactions, including discomfort/pain, erythema, hemorrhage, induration, urticaria,
and warmth, were reported in 23 patients with no patients reporting a grade 3-4 event.

Comparison of the adverse event profile of Lutrate Depot 3 month with approved drugs found
that hot flushes were reported in 77% of patients with Lutrate, 59% with Lupron 3 month, and
in 56% with Eligard 3 month. Injection site transient burning and stinging was seen in 22% of
patients recerving Eligard 3 month (pain in 3.5%) e

Adverse Events of Concern
Low testosterone levels can result in a metabolic syndrome which affects glucose and

cholesterol-triglyceride levels. i

In the
study supporting the 3 month formulation, 52 patients had diabetes and 1 hyperglycemia. In
this study, 9 (6%) patients had a laboratory report of grade 3-4 hyperglycemia. Hemoglobin
Alc was not measured. No patient had a grade 3-4 cholesterol level.

An increase 1n arterial events has also been reported 1n large population-based studies of
GnRH agonists. Single arm studies of this size and duration are unlikely to provide additional
data. Arterial events, in both of the studies, included aortic aneurysm and myocardial
infarction.

9. Advisory Committee Meeting

An Advisory Committee Meeting was not held.

10. Pediatrics

Since prostate cancer does not occur in children, a pediatric waiver has been granted.
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1. Other Relevant Regulatory Issues

e Inspections:
o The facilities inspection by the Office of Compliance is pending. Compliance
is expected to recommend withhold following their facilities inspection of GP-
Pharm S.A. See compliance review.
o Inspections of the clinical sites and the central laboratory that conducted the
testosterone assays were acceptable.

12. Labeling

Since the application did not meet its primary endpoints, product labeling was not initiated.

13.

Recommendations/Risk Benefit Assessment

e Recommended Regulatory Action: Complete Response

e Risk Benefit Assessment

Table 8: Risk-Benefit Summary and Assessment

Evidence and Uncertainties

Conclusions and Reasons

Analysis of Condition

Although the requested indication
is palliative treatment of advanced
prostate cancer, GnRH agonists are
used in patients with localized or
metastatic prostate cancer. While a
number of treatments are approved
for use in prostate cancer,
metastatic prostate cancer remains a
lethal disease.

Metastatic prostate cancer is a
lethal disease.

Current Treatment
Options

A substantial number of GnRH
agonists are currently approved for
the treatment of prostate cancer.

Benefit

While new treatments are
needed for metastatic prostate
cancer, Lutrate does not
represent an improvement over
existing therapy.

®@ 1 utrate 3
month failed to demonstrate
efficacy comparable to recently

approved products.
®) @

e Lutrate 3 month: 83.9% of
patients achieved and

The percentage of patients
who achieved and maintained
castrate testosterone was lower
than that of products recently
approved. The clinical
consequences for patients with
non-castrate testosterone levels
at the end of the dosing
interval or who develop non-
castrate levels as an acute-on-
chronic effect are unknown.

Page 13 of 14
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Cross Discipline Team Leader Review

maintained castrate Given the substantial number

testosterone levels from Day of treatments available that are

28-168 able to maintain castrate
testosterone levels at these
time points, Lutrate should not
be approved.

Risk The adverse event profile of Lutrate | The adverse event profiles of
is comparable to other GnRH @@ T utrate 3
agonists. There were few grade 3 or | month are acceptable.
serious adverse events and the
adverse event profile is best
characterized in terms of the
common adverse events.

(b) (4)
e Adverse events in > 10% of
patients receiving Lutrate 3
month include hot flush,
fatigue/asthenia, injection site
pain/discomfort, diarrhea,
pollakiuria, and arthralgia.

Risk Management Lutrate has not demonstrated Lutrate has not demonstrated
adequate efficacy (see Benefit an acceptable risk-benefit
above). profile and a complete

response letter will be sent.
e Recommendation for Postmarketing Risk Management Activities
Not applicable
e Recommendation for other Postmarketing Study Commitments
Not applicable

e Recommended Comments to Applicant
Please see complete response letter.

Page 14 of 14
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

PHARMACOLOGY/TOXICOLOGY NDA REVIEW AND EVALUATION

Application number: 205054
Supporting document/s: 4
Applicant’s letter date: 07/29/2014
CDER stamp date: 07/31/2014
Product:  Lutrate Depot @@ 22.5 mg)

Indication: | utrate® Depot (leuprolide acetate) is a
gonadotropin-releasing hormone (GnRH)
agonist indicated for palliative treatment of
advanced prostate cancer.

Listed Drug (Form 356h)  |upron Depot (FDA-approved)
(b) (4)

Applicant: GP Pharma SA
Review Division: Division of Hematology Oncology Toxicology
(Division of Oncology Products 1)
Reviewer: Eias Zahalka, PhD, MBA
Supervisor: Todd Palmby, PhD

Division Director: John Leighton, PhD, DABT (DHOT-Acting)
MD, (DOP1-Acting)

Project Manager: Charlene Wheeler

Disclaimer
Except as specifically identified, all data and information discussed below and

necessary for approval of NDA 205054 are owned by GP Pharma SA or are data for
which GP Pharma SA has obtained a written right of reference. Any information or data
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necessary for approval of NDA 205054 that GP Pharma SA does not own or have a
written right to reference constitutes one of the following: (1) published literature, or (2)
a prior FDA finding of safety or effectiveness for a listed drug, as reflected in the drug’s
approved labeling. Any data or information described or referenced below from reviews
or publicly available summaries of a previously approved application is for descriptive
purposes only and is not relied upon for approval of NDA 205054.
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NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

1. Introduction

Leuprolide acetate is a synthetic nonapeptide analog of naturally occurring
gonadotropin-releasing hormone (GnRH). This 505(b)(2) submission is for a new
sustained-release formulation for Leuprolide acetate, Lutrate Depot. GP-Pharm SA has
developed - Lutrate Depot sustained-release ntended for the palliative
treatment of patients with advanced prostate cancer. intended to be
administered intramuscularly to the patient
once every three months (Leuprolide Depo

mg).

For nonclinical support, the Applicant relies on the listed drug, Lupron Depot (Abbvie),
which is marketed in the US (Form 356h).

1.2 Brief Discussion of Nonclinical Findings

“ original pharmacodynamic (PD) studies were conducted by the Applicant to
assess testosterone suppression levels in dogs (a marker of activity) following single
intramuscular administration of Lutrate Depot

low until study termination.

In addition to reliance on the listed drug, the Applicant provided published safety data to
further characterize the safety profile of Leuprolide acetate. These safety data were
considered supportive/supplemental.

The Lutrate Depot formulation contains an excipient, triethyl citrate (TEC), that was not
previously characterized when administered by the intramuscular route. TEC is listed in
the FDA Inactive Ingredients Search for Approved Drug Products and is contained at a
maximum potency up to H;ng in an oral, delayed-action tablet. The safety profile
of intramuscularly administered TEC was therefore characterized in a single- /repeat-
dose (28-day) toxicology study in rats at doses which exceed that expected clinically.
No adverse toxicity was reported in the TEC-treated animals. Based on this data and
previous experience in approved drugs containing TEC for oral administration, this
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NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

excipient was considered qualified at the specified level for intramuscular injection in
Lutrate Depot.

The Lutrate Depot drug product contains the same active pharmaceutical ingredient,
leuprolide acetate, as the listed drug formulated in the same or lower strength. There
are no safety concerns with the excipients in the Leutrate Depot drug product.
Nonclinical PK/PD studies in dogs demonstrated that the Lutrate Depot intramuscular
administration resulted in exposures and testosterone responses as would be expected
for the listed drug and comparable to Procrin®, a leuprolide acetate depot product
approved in Europe. In addition, results from clinical trials conducted with Lutrate Depot
do not indicate that there are any significant safety signals that would suggest additional
nonclinical studies are needed. These combined data provide an adequate scientific
bridge for reliance on the listed drug, Lupron Depot, for the nonclinical requirements for
approval as a 505(b)(2) NDA. Since FDA'’s previous finding of safety and efficacy is
captured in the product labeling and includes findings inferred from fact of approval, no
further nonclinical studies are needed to support the approval of Lutrate Depot.

1.2 Recommendations
1.2.1 Approvability

There are no issues from the Pharmacology/Toxicology discipline that would preclude
approval of Lutrate Depot ®¥ 22 5 mg) for the proposed indications.

2. Drug Formulation

Lutrate Depot (proposed tradename for LemL,JEirolide Depot)
« Lutrate Depot 22.5 mg once per three months.

Generic Name: Leuprolide Depot, Leuprolide

In the formulations, Leuprolide acetate (the API) is entrapped inside mit{:brl%spheres
formed by a biodegradable polymer PLA for
Lutrate Depot 22.5 mg) and triethylcitrate. 2e

The product, as described by the applicant, consists of a vial containing the powder, a
prefilled syringe containing the solvent necessary for powder reconstitution (mannitol
0.8% solution), and a device used for connecting the syringe directly onto the vial,
thereby allowing a direct reconstitution of the powder and injection of the reconstituted
product to patient.
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NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

TABLE 1 - Product Formula

v . REFERENCE TO
IGRE T LUTRATE 22.5 mg fen STANDARDS
Active Ingredient
Leuprolide Acetate? 22.5mg Active Ingredient Ph Eur®

Excipients
In - House

PLA In - House

Triethyl citrate (TEC) Ph Eur/lUSP*

Ph Eur/lUSP*
Ph Eur/USP*
Ph Eur/NF*

Mannitol

Carmellose Sodium

Polysorbate 80

* Current Edition
(excerpted from Applicant’s report)

3. Pharmacological Class

GnRH agonist

4. Mechanism of Action (as listed in the proposed label)

rolide acetate has GnRH agonist

IS reversible

In humans, administration of leuprolide acetate results in an initial increase
in circulating levels of luteinizing hormone (LH) and follicle stimulating hormone (FSH),
leading to a transient increase in levels of the gonadal steroids (testosterone and

dihidrotestosterone in males, and estrone and estradiol in iremenoiausal femalesi.

5. Nonclinical Activity

The Applicant conducted an original nonclinical bridging study to provide an adequate
scientific basis for reliance upon the listed drug (Lupron Depot®). A pharmacokinetic
(PK) and pharmacodynamic (OI?D) bioequivalence study of Lutrate Depot versus the

marketed drug Procrin Depot™ (European trademark of listed drug, Lupron De ot®) was
conducted.

A bridging study for the three-month formulation (Lutrate Depot 22.5 mg) was not
conducted by the Applicant. The Applicant provides the following justification:
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NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

Additionally, the PK/PD profile of Lutrate Depot was studied in animals, using
testosterone as a marker of activity, and these data were submitted to provide a
qualitative bridge to the three-month (22.5 mg) Lutrate Depot formulation.

5.1 Original Studies Submitted®

Pharmacodynamic
Leuprolide acetate 22.5 mg Depot GP-Pharm
(Lot # 10603-1). Testosterone Profile in
34055 Beagle Dogs Following a Single Dose X
Intramuscular Administration of Slow Release
Leuprolide Formulation
Leuprolide acetate 22.5 mg Depot GP-Pharm
(Lot # 10311-1). Testosterone Profile in
§32312 Beagle Dogs Following a Single Dose
Intramuscular Administration of Slow Release
Leuprolide Formulation

1 [bracketed italicized text was added by reviewer to clarify the Applicant’s statement]

2 Additional published data were provided to supplement pivotal data, and these are provided in
Appendix 1.
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NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

(b) (4)

Testosterone profile in beagle dogs following
IQ13-00180-PD | a single dose intramuscular administration of
slow release Leuprolide formulation.

Validation of the Beagle dog model to predict
efficacy of Leuprolide depot formulations in
humans

GPLP3M[]
VAL14001

Testosterone profile in beagle dogs following
CD059817FC single dose intramuscular administration of
Leuprolide

Pharmacokinetic

Leuprolide: Pharmacokinetic and
pharmacodynamic bioequivalence of a new
microcapsule Leuprolide 7.5 mg formulation X
versus Procrin® 7.5 mg (Abbott) in the
beagle dog following intramuscular
administration

CRO-01-30

Leuprolide levels determination by RIA in dog
s13-087 plasma from PK/PD study 1Q13-00180
(method development)

Determination of Leuprolide in dog plasma

RA-284 samples by RIA

Leuprolide profile in beagle dogs following a

GP-IP3M-PK single dose intramuscular administration of X
slow release leuprolide formulation

UAO37 Determination of leuprolide in dog plasma
samples by RIA

Toxicology Studies
28-Day Intramuscular Toxicity Study in the X

s27520 Rat for Triethyl Citrate (excipient in the
Leuprolide Depot)

Local toxicity study (28 days) after single

FCILOOSFT intramuscular administration in the rabbit of
Placebo vLP1m
28 Days Intravenous Toxicity Study In The
FCIO812FT Rat for Docetaxel-Patented GP-Pharm

Formulation Vehicle

Leuprolide acetate 22.5 mg Depot GP-
Pharm. PK/PD study of leuprolide in Beagle
dogs following a single dose IM
administration of Slow Release Leuprolide

1Q13-00180
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NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

Formulation. Administration and blood
extraction.
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NDA # 205054

Reviewer: Eias A. Zahalka, PhD, MBA

Study title: Leuprolide acetate 22.5 mg Depot GP-Pharm. Testosterone Profile in
Beagle Dogs Following a Single Dose Intramuscular Administration of Slow Release

Leuprolide Formulation

Study no.:

s34055 and s32312

Obijective:

To investigate the activity of two lots of
Leuprolide acetate 22.5 mg depot GP-Pharm
(10603-1 and 10311-1) in the suppression of

Conducting laboratory and location:

plasma testosterone Ieveﬂlﬂs‘z in Beagle dogs
o

Date of study initiation:

Was not provided

Experimental starting Date:

6 July, 2011

GLP compliance and QA statement:

Yes (OECD)

Drug and lot #:

Leuprolide acetate 22.5 mg depot; 10603-1 and
10311-1 (the clinical batch).

Methods:

Doses/ 1.186 mg/kg; 4-6 males/ one Group
Number/Sex/Group:

Route/Frequency of | Intramuscularly (i.m.; rear leg); single dose
dosing:

Dose volume:

0.1054 mL/kg

Formulation/Vehicle:

The powder contained in the test article vial was reconstituted
with 2 mL of 0.8% Mannitol solution

Species/Strain: Beagle dogs

Age: 2 -5 years

Weight: 11.64-18.02 kg

End points « Clinical observations (frequency of observations was not
evaluated: listed in the report)

o Testosterone level: Pre-dose (Day 0), 3 and 6 hours post-
dose, 1, 2, 3, 4, 14, 21, 28, 42, 56, 70, 84, 98, 112, 126,
140, 154 and 168 days post-dose. Blood was collected
between 8-11 am except on dosing day.

Plasma Leuprolide levels were determined using an RIA kit.

Deviation from study
protocol:

None of the deviations affected the integrity or interpretability of
the study.

Results:

& The Applicant stated that there were no clinical observations reported. Individual
data were not provided by the Applicant in this report, so this reviewer could not
confirm the conclusions.

5 Testosterone levels were quantifiable 3 hours postdose through Day 14. Levels

gradually declined following Day 4, and by Day 21 levels were unquantifiable or
were lower than the pre-dose levels (<0.37 ng/mL for Lot #10603-1, or <0.99

Reference ID: 3740332
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NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

ng/mL for Lot # 10311-1). Testosterone levels continue to be unquantifiable
through Day 140 (Lot # 10311-1) or Day 168 (Lot # 10603-1), although
testosterone levels for Lot # 10311-1 were quantifiable again by Day 154.

Reviewer note
Castration levels of testosterone in humans were 50 ng/dl (or 0.5 ng/mL).

TESTOSTERONE LEVELS IN DOG PLASMA SAMPLES (ng/mL)
Mean levels

Leuprolide acetate 22.5 mg Depot GP-Pharm 10603-1
Intramuscular administration

10 7=t
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Z 8
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g "1
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Z s
=
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44
id
2
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0 7 14 21 28 35 42 49 56 6 70 77 84 91 98 105 112 119 126 133 140 147 154 161 168
Days after administration

TESTOSTERONE LEVELS IN DOG PLASMA SAMPLES (ng/mL)
Mean levels

Leuprolide acetate 22.5 mg Depot GP-Pharm 10311-1
Intramuscular administration

3
g
£
z
5
] /
2 II‘". [/
/
1 {/
0 7 14 21 28 35 42 49 36 6 70 77 84 91 98 105 112 119 126 133 140 147 154 161 168
Days after administration

(excerpted from Applicant’s report)

Conclusion

The observed Leuprolide acetate 22.5 mg Depot PD (testosterone) profiles in the two
tested batches were very similar; with an initial peak of plasma testosterone levels

15
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NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

followed by a gradual decline. Low levels were maintained until Day 140 or 168. This

pattern of testosterone suppression following a single dose of Leuprolide acetate (22.5

16
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NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

8. Pharmacokinetics

Title: Leuprolide profile in beagle dogs following a single dose
intramuscular administration of slow release leuprolide formulation

Study #:
GP-LP3M[]
PK

GLP: Yes

Reference ID: 3740332




NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

Objectives: To evaluate leuprolide pharmacokinetic profile in dog
obtained after administration of the clinical batch (10311-1), the clinical
back-up batch (10603-1) and other validation batches (21022-1, 21108-1,
21111-1), in three different preclinical studies (S32312, S34055 and 1Q13(!
00180).

Methods:

Four (S32312), 6 (S34055) and 9 (1Q13-00180) dogs were administered
Leuprolide acetate 22.5 mg depot GP-Pharm (batches 10311-1, 10603-1,
21022-1, 21108-1, 21111-1) intramuscularly at the dose of 1.186 mg/kg of
Leuprolide acetate and a volume of 0.1054 mL/kg. Blood samples were
collected at the following times: Pre-dose (day 0), 3 and 6 hours, 1, 2, 3, 4,
14, 21, 28, 42, 56, 70, 84, 98, 112 (last day for the validation batches),
126, 140, 154 and 168 (last day for the clinical batches) days post-dose.
Plasma Leuprolide levels were determined using a RIA kit.

Results:
Batches 10311-1 and 10603-1

After dose administration, Leuprolide levels peaked followed by a decline
in levels reaching values of approximately 1000 pg/mL by Day 21. These
levels were maintained until Day 98, at which time Leuprolide
concentrations started to gradually decrease, and were unquantifiable by
Day 168.

100000
10000

1000

Leuprolide levels {pg/ml)

100

+
10
0 14 28 42 56 70 84 98 112 126 140 154 168

Days after administration

Figure 2: Mean (n=4) leuprolide plasma concentrations (pg/mL) in dog after a single
intramuscular administration of Leuprolide acetate 22.5 mg Depot GP-Pharm, batch 10311.

Values < LLOQ were assigned ¥: LLOQ for plotting the pharmacokinetic profile. If the calculated mean value was less
than LLOQ, then that time point was ignored for plotting the mean pharmacokinetic profile.
(excerpted from Applicant’s report)
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NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

Batch 10603-1
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Figure 4: Mean (n=6) leuprolide plasma concentrations (pg/mL) in dog after a single
intramuscular administration of Leuprolide acetate 22.5 mg Depot GP-Pharm, batch 10603-1

Values < LLOQ were assigned Y LLOQ for plotting the pharmacokinetic profile. If the calculated mean value was less
than LLOQ, then that time point was ignored for plotting the mean pharmacokinetic profile.

(excerpted from Applicant’s report)

Batches 21022-1, 21108-1, 21111-1

After dose administration Leuprolide levels peaked followed by a decline in
levels reaching values of approximately 1000 pg/mL by Day 21. These
levels were maintained until day 112.

1000000
—&— Mean 121022-1
= 100000 —&— Mean 121108-1
-.E_ —— [ean L21111-1
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2
% 10000
o
>
K —
£ 1000 + - -
°
o
3 100
10
0 14 28 42 56 70 34 98 112

Time after adminsitration (days)

Figure 11: Comparison of mean (n=3) leuprolide plasma concentrations (pg/mL) in dog after a
single intramuscular administration of Leuprolide acetate 22.5 mg Depot GP-Pharm for
batches 21022-1, 21108-1 and 21111-1, respectively. Values < LLOQ were assigned % LLOQ for plotting

the pharmacokinetic profile. If the calculated mean value was less than LLOQ, then that time point was ignored for
plotting the mean pharmacokinetic profile.

(excerpted from Applicant’s report)
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NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

9. General Toxicology

9.1 Repeat-Dose Toxicity

It was stated by the Applicant that all the excipients in Leuprolide Depot are known and
well characterized substances and already used in other injectable drug formulations

including the listed drug, Lupron Depot® with the exception of triethylcitrate (TEC). The

toxicity profile of TEC was evaluated by the applicant in a 28-Day intramuscular toxicity

study in rats.

Study title: 28-Day Intramuscular Toxicity Study in the Rat for Triethyl Citrate

(excipient in the Leuprolide Depot)

Study no.: 527520

Objectives: e To evaluate the cumulative toxicity of Triethyl
Citrate after daily intramuscular
administration to rats for a period of 28 days
at a single dose level.

¢ The acute toxicity of Triethyl Citrate was
evaluated when administered by
intramuscular route to rats at two dose levels,
followed by an observation period of 27 days.

Sponsor: GP-Pharm S.A. e

Conducting laboratory and '

location:

Experimental Starting 17 May, 2010

Date:

GLP compliance/QA Yes (OECD)

statement:

Drug and lot #: Triethyl Citrate (Pharmaceutical excipient); Lot #

MO04e101, M0O4e102, M04e103.

23
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NDA # 205054

Methods:

Reviewer: Eias A. Zahalka, PhD, MBA

Doses/ Number/Sex/Group:

Groups 1 2 3 4 3
Triethyl - Triethyl Triethyl
Test Item Citrate Citrate Citrate

0 0.017 .
mg/kg/day*  mg/kg/day 0 mg/kg 048 mg/kg 240 mg/kg

Males A 1-10 11-20

Dose Levels

41-45 46-50 51-55

Males B -

Females A 21-30 31-40 - -
Females B - - 56-60 61-65 66-70
A: Animals for toxicity testing, daily administration (28 days)

B: Animals for toxicity testing, once administration (day 1)

*: Control animals were treated with water for injection only.

Route and frequency:

Intramuscular injection; once daily for 28 days (Groups
1 and 2) and single dose (Groups 3 - 5)

Dose volume:

0.15 mL/kg (Groups 1 and 2) and 0.25mL/kg (Groups 3 [
5)

Formulation/Vehicle:

The test article was supplied as a solution ready to use
at three concentrations (0.11, 1.9 and 9.68 mg/mL)

Sex/Species/Strain:

Male and female WIST rats

Age/Weight:

5-7 weeks (males) and 6-9 weeks (females); 155-193 g
(males) and 130-152 g (females)

Endpoints evaluated:

Mortalities, clinical signs, body weight, food
consumption, ophthalmology, hematology, coagulation,
chemistry, urinalysis, organ weights, macroscopic and
microscopic evaluations (all groups). Histopathology
peer review was not conducted.

Deviation from study
protocol:

None of the deviations affected the integrity or
interpretability of the study.

Results:

Mortalities

There were no mortalities reported by the Applicant.

Clinical Observations

There were no test article-related clinical observations reported by the Applicant.

Reviewer comment

The Applicant did not provide the individual data for the clinical observations.

Body Weight and food consumption

There were no adverse test article-related effects on mean body weights, body weight

gains and food consumption.

Ophthalmology: No test article-related ophthalmic findings were reported.

Hematology, Clinical Chemistry and Urinalysis

Reference ID: 3740332
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NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA

No test article-related clinical pathology (hematological, clinical chemistry and
urinalysis) findings were reported.

Macroscopic Findings

There were no test article-related findings reported.
The only finding that was reported at 0.017 mg/kg/day included discolored ovaries and
uterus. However, the effects were not correlated with microscopic findings.

Organ Weights
There were no test article-related findings reported.

Increases in a number of relative organ weights were reported at 0.017 mg/kg/day.
Higher absolute and relative weights were reported in the pituitary of males and females
and in the lungs, liver, kidneys and spleen of females. The effects were not correlated
with microscopic findings.

Microscopic Findings
There were no test article-related microscopic findings reported.

Conclusion

There were no adverse test article-related effects reported after single (2.48 mg/kg) or
repeat dose for 28-day (0.017 mg/kg/day) intramuscular dose of triethyl citrate to rats.
The TEC level in the rat single-dose arm of the study was 2.48 mg/kg (or HED of 24.12
mg) which is higher than the 17.4 mg TEC level specified in the maximum clinical
formulation dose (22.5 mg). As such, the excipients triethyl citrate (TEC) in Lutrate
Depot is considered qualified at the specified levels for intramuscular injection.

25
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Commonly Used Abbreviations in the Review

Abbreviation

Full Term

ADT

Androgen Deprivation Therapy

AE

Adverse Event

CRF

Case Report Form

ECG

Electrocardiogram

PP

Per Protocol

GnRH

Gonadotropin Releasing Hormone

ITT

Intent-to-Treat

PSA

Prostate Specific Antigen

PK

Pharmacokinetics

SAE

Serious Adverse Event

TEAE

Treatment-Emergent Adverse Event

TRAE

Treatment-Related Adverse Event
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1. Recommendations/Risk Benefit Assessment

1.1 Recommendation on Regulatory Action

This combined clinical and statistical review of NDA 205054 for Lutrate-
22.5 mg reveals inadequate evidence to support the proposed use
and, therefore, recommends that this NDA

not be approved.

Additional clinical studies with acceptable quality Lutrate formulations should

be conducted to demonstrate the effectiveness_

in patients with advanced prostate cancer.

1.2 Risk Benefit Analysis

The benefit risk analysis of this NDA was based on the review findings from
clinical studies conducted in patients with
prostate cancer. Study
GP/C/05/PRO for Lutrate 22.5 mg. was designed to investigate
the efficacy and safety of the formulation. The primary
endpoint was the proportion of patients who achieved (at Day

28) and maintained castrate levels of testosterone from Day 28 through Day
168 (See Section 5.3 for details). Determination of castration in each study
patient was based on blood testosterone levels measured in a central
laboratory.
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Study GP/C/05/PRO had 163 patients enrolled, with 162 evaluable for
assessment of the primary endpoint. Eleven percent of the enrolled patients
had metastatic prostate cancer. By Day 28, castration was achieved in
96.9% (95% Cl: 92.9%; 99.0%) of the evaluable patients. From Day 28
through Day 156, castration was maintained in 83.9% (95% CI: 77.3%,
88.8%) of the evaluable patients. This castration maintenance rate was also
based on a Kaplan-Meier analysis in which detected testosterone surges and
missing data were addressed. The results showed that Lutrate 22.5 mg was
not efficacious in maintaining castration in this study either. To be
efficacious, study drug should maintain castrate testosterone levels in a
sufficient number of patients to ensure that the lower bound of the 95%
confidence interval is = 87%.

The commonly observed adverse events ®1® \vere hot flushes,

arthralgia, fatigue, injection site pain or discomfort, headache, and diarrhea.
The majority of the adverse events were mild or moderate i

Grade 1-2 in Study GP/C/05/PRO. Important laboratory abnormalities
were hyperglycemia, increases in hepatic transaminases and serum
creatinine. The majority of the abnormalities were Grade 1-2. Severe
hyperglycemia (Grade 3 or 4) was found in approximately 6% of patients in
each study. The observed adverse events and laboratory abnormalities were
consistent with the known safety profile of other GnRH analogs.

@@ \vere not efficacious
in maintaining castration during an approximately 5-month maintenance
period. This was due primarily to a large number of testosterone surges that
were detected after a repeat dose. Given the| ®“9% overfill of study product
in the clinical batches and the questionable dose uniformity in their
manufacturing (Section 4.1), the detected testosterone surges may reflect
issues concerning the product quality and/or leuprolide release equilibrium
and efficiency from the suspension depots. Because of the CMC issues
(Section 4.1), the reviewers are concerned about the interpretability of clinical
data and/or the reliability of the analyses based on the submitted data. The
inadequacy of castration maintenance as shown in the study|  ®¢

may not be simply by chance, but likely relates to the quality of
each study product. Overall, the benefit ®1® could not be
unvaryingly established with the submitted data. Additional clinical studies
are needed should the identified CMC issues be addressed satisfactorily.

Recommendations for Risk Evaluation and Mitigation Strategies

None
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1.4 Recommendations on Post Marketing Requirements/Phase 4
Commitments

None

2 Introduction and Regulatory Background

2.1 Product Information

Lutrate Depot is a new microsphere formulation of leuprolide acetate,
manufactured by the applicant. In this NDA, 0H
22.5 mg for 3-month administration.

(b) (4)

Each vial of Lutrate Depot 22.5 mg was designed to deliver leuprolide acetate
(22.5 mg), PLA @@ triethylcitrate (TEC) o
polysorbate 80 (3.8 mg), mannitol (88.4 mg) and carmellose sodium (25 mg).

@@ each vial is accompanied by a prefilled syringe and a

transfer device containing a sterile needle. The prefilled syringe contains the
reconstitution diluent, including mannitol (16 mg), water for injections USP, and
sodium hydroxide and hydrochloric acid USP to control pH.

Reviewer’s Comments:
®®@ the true quantity of leuprolide acetate contained in
each vial is higher than the target dose as specified in the above product description.
See Section 4.1 regarding the CMC concerns o
% overfill for the 22.5 mg formulation. The
overfill also occurred in the clinical batches that were used in the ®© clinical studies
®®@ Study GP/C/05/PRO for Lutrate 22.5 mg).

2.2 Tables of Currently Available Treatments for Proposed Indications

A number of GnRH analogs that have the same indication are available in the
USA. Table 1 lists these analogs.

Table 1: FDA-Approved GnRH Analogs for Use in Patients with Advanced
Prostate Cancer
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Class Product Name fearoknitlal
Approval
Leuprolide** 1985
GnRH Receptor Goserelin 1989
H *
Agonist Triptorelin 2000
Histrelin 2004
GnRH Receptor
Antagonist Degarelix 2008
* Products may have different formulations or delivery systems to achieve longer
drug action (e.g., administered every 3, 4, 6 or 12 months).
** Including leuprolide-based products approved under 505 (b) (2) such as Eligard.

2.3 Availability of Proposed Active Ingredient in the United States

Leuprolide acetate has been available since 1985. It is marketed under two
brand names: Lupron and Eligard! fae
leuprolide acetate 7.5 mg is approved for monthly administration and leuprolide
22.5 mg for administration every 3 months. i

2.4 Important Safety Issues with Consideration to Related Drugs

In January of 2011, all GnRH receptor agonists indicated for the treatment of
prostate cancer had the following labeling added to their Warnings and
Precautions:

¢ Hyperglycemia and Diabetes: Hyperglycemia and an increased risk of
developing diabetes have been reported in men receiving GnRH
analogs. Monitor blood glucose level and manage according to current
clinical practice.

e Cardiovascular Diseases: Increased risk of developing myocardial
infarction, sudden cardiac death and stroke has been reported in
association with use of GnRH analogs in men. Monitor for cardiovascular
disease and manage according to current clinical practice

Recently, the following warning was added to all GnRH analogs as another
labeling change.

10
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o Effect on QT/QTc Interval: Androgen deprivation therapy may prolong
the QT interval. Consider risks and benefits.

2.5 Summary of Presubmission Regulatory Activity Related to

Submission

Key pre-submission regulatory activities related to this NDA are summarized in

Table 2.

Table 2: Key Regulatory Activities for the GP- Pharm Leuprolide Acetate

Clinical Development

Milestone

Study GP/C/05/PRO
for Lutrate (leuprolide
acetate 22.5 mg)
conducted

Date

07/2011
-07/2014

Clinical Comments

A single-arm study of Lutrate 22.5 mg
(leuprolide acetate 22.5 mg) in patients with
histologically proven carcinoma of the
prostate. For its efficacy claim, the statistical
plan assumed that at least 93% of patients
maintained castration.

Reference ID: 3739677
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Submission of NDA
205054 for Lutrate

(Leuprolide Acetate
22.5 mg)

07/31/2014 | The NDA received “Standard” review.

2.6 Other Relevant Background Information

Androgen deprivation therapy remains the cornerstone of treatment for patients
with metastatic prostate cancer. It can be achieved either surgically with
bilateral orchiectomy or biochemically with drugs. The goal is to eliminate or
persistently suppress the testicular synthesis of testosterone. Since leuprolide
acetate was approved in 1985, use of a GnRH analog has become the most
common approach to attain androgen deprivation.

Evaluation of the effectiveness of GnRH analogs has been based on their
ability to achieve and maintain castration levels of testosterone (< 0.5 ng/mL), a
surrogate endpoint that has been used for nearly two decades’. For almost all
approved GnRH receptor agonists, 290% of patients achieved and maintained
castration from Day 28 to the study end. To assure the effectiveness of a GnRH
analog, a lower 95% CI boundary of at least 87% of castration maintenance
has been required since the regulation of GnRH analogs in prostate cancer was
transferred to the Office of Hematology Oncology Products (OHOP). This
requirement was implemented in the evaluation and approval of three new
GnRH analog formulations by OHOP? (Table 3). Note that in the approval of
degarelix, the requirement for the lower 95% CI boundary was at least 90%.

Table 3: Key Findings from Studies Supporting the Approvals of GnRH
Analogs Since 2008

1 Fourcroy J. Regulatory history of hormone therapy for prostate cancer. Mol Urol. 1998; 2:215-220
2 Clinical reviews of the three products are available at drugs@fda.

12
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GnRH Sampling time | Inclusion |  cagtration Analysis
Product points for of all maintenance | With the K-
(Approval testosterone available o M method
Year) after Day 28 data* (95% Cl) (N)
Lupron Every 4 weeks and | Yes 93.4% Yes
(leuprolide) 2, 4, 8 hours after (892 976) (N=148)
45 me d 6 mos the second dose,
&4 followed by Days from Day 28
(201 1) 1’ 2’ 7 and 14 thI'OU.gh 337
thereafter
Trelstar Every 4 weeks and | Yes 93.5% Yes
(triptorelin) Day 3 after the (88.7, 99.8) (N=120)
22.5mgq6 second dose (in ’
mos 50% of the From?gay S7-
(2009) patients) 7
Degarelix Every 4 weeks Yes 97.2% Yes
240 mg afier cach monthly (93.5,988) | (N=207)
ose

followed by 80 Day 28-364
mgq 1 mo
(2008)
*Including testosterone surges that were treated as maintenance failures in the Kaplan-
Meier (K-M) analysis.
For each product’s castration maintenance rate, its lower bound of the 95% CI is shown
in red.

To reliably assess the rate of castration maintenance, testosterone surges
(>0.5 ng/mL) detected throughout a study have been considered as treatment
failures in the evaluation of GnRH analogs. This is particularly important for

GnRH receptor agonists since these products attain castration by desensitizing
the pituitary gland. A testosterone surge after Day 28 or after a repeat dose
suggests that the gland may not have been sufficiently desensitized, but rather,
remained sensitive to their agonistic stimulation.

13
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3 Ethics and Good Clinical Practices

3.1 Submission Quality and Integrity

The quality and integrity of the submitted datasets were found to be adequate
for this review. The submitted analysis datasets were in a “Listing form”. There

were no “dataset definition” files for the tabulation datasets B in

the initial submission. it

These issues along with others
such as protocol deviations were conveyed to the applicant and were
addressed acceptably.

®® study reports considered how to handle missing testosterone data at
key time points if the missing data was unrelated to study treatment, and
excluded testosterone surges after a repeat dose from the primary endpoint
analyses. This made interpretation of the applicant’s efficacy analyses
challenging. For instance, determination of whether a missing testosterone
value was unrelated to study treatment can be very difficult in open-label single-
arm studies.

In addition, there were numerous issues regarding the CMC process and drug
specifications. See the final CMC review.

3.2 Compliance with Good Clinical Practices

Three clinic study sites (Table 4) were selected for inspections conducted by
the Office of Scientific Investigation (OSI). Approximately 70% of patients
enrolled in the two studies were from United States, making the conduct of
domestic only inspections reasonable. The three selected sites had a large
number of patients, accounting for 35% of the total patients from the USA. One
site in South Carolina enrolled 18% of the patients for the two studies.

Based on the OSI inspection summary dated March 11, 2015, the data from the
three sites appear clinically reliable for the two studies. The classification for
clinical investigators Dr. Karlin and Dr. Shore (preliminary) is No Action
Indicated (NAI), whereas the classification for clinical investigator Dr. Belkoff is
Voluntary Action Indicated (VAI) since a number of minor record keeping issues
were identified from the inspection. For example, “a hot flash adverse event
starting ®€ for Subject’ @ was evaluated as probably/likely
related to the test article, but was reported to the sponsor in the eCRF as not
related”. The identified issues appear to be isolated for Dr. Belkoff's site and
should not importantly impact the overall study safety assessment.

14
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For details, see final DSI clinical inspection reports on the 3 sites.

Table 4: Study Sites Selected for Inspection

Number Indication/Primary
Site # (Name,Address, Phone endpoint and other
& Protocol ID of %
number, email, fax#) N endpoints for
Subjects

verification

Site 1 .
o it St Blood.samphug for
Carolina Urologic Research Center. serum testosterone
823 82nd Parkway, Suite B. : :

¥ GP/C/05/PRO** | 24 E
Myrtle Beach Protocol violations and
Tel: 843-449-1010; Fax: 843-286-0119 reactions
e-mail: nshore(@gsuro.com '
Site 24 Blood sampling for
Dr. Laurence Belkoff serum testosterone
Urologic Consultants at SE PA
1 Presidential Blvd, Suite 100 GP/C/05/PRO** | 27 . ;
Bala Cynyyd Protogol violations and
Pennsylvania, 19004 reporting of adverse
Tel: +6106670458: Fax: +6106681548 reactions

*¥*GP/C/05/PRO: “Efficacy and Safety of a New Leuprolide Acetate 22.5 mg Depot
Formulation in the Treatment of Prostate Cancer”

The two study titles were based on the Applicant’s original protocols.

15
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In addition, the clinical pharmacology review team requested for an inspection
of the bioanalytical site where samples from R

GP/C/05/PRO were analyzed for central determination of testosterone
levels. This is important to assure that the quality of testosterone data as
submitted is acceptable for efficacy analyses. Currently, results of this
inspection are pending. Please see the final clinical pharmacology review
regarding the inspection and its recommendation.

3.3 Financial Disclosures

An FDA Form 3454 was submitted to certify the financial interests and
arrangement of the investigators involved in 99 study
GP/C/05/PRO. In the form, Antonio Parente Duefia, Chairman of GP-Pharm
S.A, certified that all the investigators had no financial conflict of interest based
on their disclosed information.

Since a central laboratory was used to analyze serum testosterone levels, the
investigator’'s financial conflicts of interest, if any, were less likely to affect the
efficacy assessment of castration achievement and maintenance in the two
studies.

4 Significant Efficacy/Safety Issues Related to Other
Review Disciplines

4.1 Chemistry Manufacturing and Controls

The CMC review team identified the following key issues about the quality of
©@ | ytrate ®® These were based on the recent CMC review
findings. See the final CMC review and risk assessment of these issues along

with other deficiencies.

“The amount of overfilling O with me

22.5 mg, appears to be significantly larger than the requirement
stated in USP <1151> “slight excess to the labeled size or the volume that is to
be withdrawn”. In addition, the amount of excipients used in the formulation,
such as 4 will vary .
An overage, S 22.5 mg formulation Is
noted when fill in vial. The Dose Uniformity appears to not be accurately
controlled throughout manufactured batch of the product according to
USP<905>".

“The overfilling and overage used ®@ will affect the quality of
final “intended use” with regard to dosage strength and purity”.

16
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4.2 Recommendation from the Office of Compliance

The OC’s recommendation is classified as “Official Action Indicated” or to
withhold this NDA. The recommendation is based on the findings of a routine
pre-approval inspection. Total 11 verbal issues were conveyed to the applicant.
Of them, the following are of particular concern to the clinical evaluations of the
two formulations intended for marketing in the USA.

See the final OC review of the inspection findings and its recommendation.

4.3 Product Proprietary Name

The applicant’s proposed proprietary name, Lutrate Depot, for its leuprolide
225mg| ?9 was reviewed by the Division of Medication
Error Prevention and Analysis and found acceptable.

4.4 Clinical Pharmacology

The clinical pharmacology review team specified that based on the recent
communication, there were no issues identified from the OSI bioanalytical
assay inspection. The inspection report is expected to be available soon.

See details in the clinical pharmacology review.

5 Sources of Clinical Data

5.1 Tables of Clinical Studies

Table 5: Clinical Studies in Supportof | @@ Lutrate| @@

Phase Study ID Number of | Key Key Design
(Title) Patients Objectives Elements

17

Reference ID: 3739677



Clinical/Statistical Reviews

GP/C/05/PRO N=163 “Proportion of Open-label, single-
Efficacy and Safety of successful arm study, with two
a New Leuprolide patients doses of Lutrate
Acetate 22.5 mg achieving 225 mg

castration administered

Depot Formulation in )

(testosterone intramuscularly on
the Treatment of <0.5 ng/mL) at Days 0 and 84
Prostate Cancer Days 28, 84,
and 168, and
maintaining
castration
through Day
168”

5.2 Review Strategy

Based on the study design and reported results the
reviewers examined the study protocols, statistical analysis plans, submitted
datasets and study reports. The key focus was on evaluating whether
castration was achieved and maintained — The reviewers
conducted independent analyses (Section 6.1.3) based on the reported
testosterone values from the central laboratory. These analyses addressed
issues concerning patients with missing values and or testosterone surges, and
generated results to reliably assess the clinical effectiveness of the two Lutrate
formulations in terms of achieving and maintaining castration in each evaluable

population. Analyses in the Per Protocol population were also performed to
evaluate data consistency.

Safety evaluation focused on any signals that appeared specific to the

products and examined key laboratory abnormalities well-known to occur
with approved GnRH analogs. In addition, special attention was paid to
adverse reactions or issues related to the Warnings common to approved
GnRH analogs.

18
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5.3 Discussion of Individual Studies
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Study GP/C/05/PRO

Design of Study GP/C/05/PRO

Study GP/C/05/PRO was an open-label, single-arm study of GP-Pharm’s Lutrate
(leuprolide acetate 22.5 mg) in patients with histologically proven carcinoma of the
prostate who might benefit from medical androgen deprivation therapy. Its key
objective was to investigate the efficacy and safety of the product administered for
2 doses with a 3-month interval. The primary endpoint was the proportion of
patients who achieved castration at Days 28, 84, and 168, and maintained
castration through Day 168. As shown in Figure 2, patients received Lutrate 22.5
mg intramuscularly on Day 0 and Day 84, and their testosterone levels were
assessed at the protocol specified time points from Day 0 through Day168 (Table
9) . Safety assessment was performed throughout the study according to Study
Calendar (Table 9).

Figure 2: Schematic Diagram of Study Design for GP/C/05/PRO
Lutrate 22.5 mg, IM Lutrate 22.5 mg, IM

DEVL Day 86 Day 112

Time points (up-arrows) of blood sampling for testosterone levels

n Specified Key Time Points

= Orange arrows: considered important time points in this
review

= Additional sampling time points: 1 and 4 hours after the 2nd
dosing on Da

26
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Protocol Amendments (GP/C/05/PRO)

No protocol amendments were introduced after the study initiation. Key protocol
milestones of this study are listed in Table 8.

Table 8: Protocol Milestones of Study GP/C/05/PRO

Milestone Date Comments
Protocol 07-08/2011 | The protocol planned to enroll 160
patients. See the sample size below.
Study Initiation 10/2011 First patient enrolled into the study
Pre-NDA Meeting 10/2012 The Agency recommended that a

Kaplan-Meier analysis be conducted
for this study to examine castration
maintenance over time. In the K-M
analysis, escape from a castrate
testosterone level should be
considered an event.

Enroliment 12/2012 The last patient was enrolled.
Completion

Study Report 07/2014

NDA Submission 07/31/2014 | Submission of the datasets

Objectives_(GP/C/05/PRO)

Reference ID: 3739677

“To determine the proportion of successful patients achieving chemical
castration (defined as castrate testosterone levels <0.5 ng/mL) at Days
28, 84, and 168, thereby demonstrating maintenance of castration
through Day 168, with no missing data at these key time points”

To evaluate the safety of this new formulation of leuprolide acetate 22.5
mg

To evaluate the pharmacokinetics (PK) and the pharmacodynamics (PD)
of leuprolide acetate 22.5 mg

Key Eligibility Criteria (GP/C/05/PRO)

Males =218 years of age

Histologically proven carcinoma of the prostate

Might benefit from medical androgen deprivation therapy
Life expectancy at least 1 year

ECOG Performance Status score of 0-2
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e Adequate renal function at screening as defined by serum creatinine
<1.6 times the ULN (upper limit of normal) for the clinical laboratory

¢ Adequate and stable hepatic function (<Grade 2 in ALT, AST, and total
bilirubin)

e Testosterone level of =1.5 ng/mL at screening

¢ No history of orchiectomy, adrenalectomy, or hypophysectomy.

¢ No evidence of spinal cord compression, severe urinary tract
obstruction, excruciating or severe pain from bone metastases, or brain
metastases

¢ No prior androgen ablative therapy (including degarelix) within 12
months or lasting >6 months

¢ No use of androgen receptor inhibitors within 3 months

¢ No previous systemic cancer therapy such as chemotherapy,
immunotherapy (e.g., antibody therapies, tumor vaccines), biological
response modifiers (e.g., cytokines)

¢ No history of hypersensitivity to GhRH, GnRH agonists, including any
LHRH analogues, or any excipients of the study formulation

¢ No uncontrolled diabetes

¢ No uncontrolled congestive heart failure, myocardial infarction or a
coronary vascular procedure (e.g. balloon angioplasty, coronary artery
bypass graft) or significant symptomatic cardiovascular disease(s) within
6 months before baseline;

¢ No uncontrolled hypertension or symptomatic hypotension within 3
months

¢ Signed informed consent before any study related activity

Reviewer’s Comments: Ll

- The key difference iIs that patients
who received prior ADT were allowed if the prior therapy did not last for >6 months and
was >12 months before screening. This is acceptable provided that their baseline
testosterone level was not less than 1.5 ng/mL.

Study Treatment (GP/C/05/PRO)

Patients received Lutrate 22.5 mg depot intramuscularly on Days 0 and 84. The
study medicine was provided as Clinical Batch 10311-1.

Prohibited medications and or treatments Vil

Use of degarelix and other systemic therapies were
not allowed in this study.
Study treatment could be discontinued for patient withdrawal or at the discretion
of the investigator for adverse reaction, concurrent illness, or failure to comply
with the protocol.

Efficacy Assessments and Safety Monitoring_ (GP/C/05/PRO)
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Reference ID: 3739677



Clinical/Statistical Reviews

NDA 205054: Lutrate Depot (b) (4)

To assess whether patients achieved (at Day 28) and maintained castration
through the end of study (Day 168), blood samples for testosterone levels were
collected at the protocol-specified time points (Table 9) and were assayed in
the central laboratory. Results from this laboratory were used for the planned
primary endpoint analysis. Similarly, samples LH, FSH, and PSA were also
collected and sent to the same laboratory for their level determination.

Adverse events/reactions and changes in ECG and laboratory parameters were
monitored and assessed according to the Study Calendar (Table 9). The
severity of adverse events was graded and captured using the Common
Terminology Criteria for Adverse Events (CTCAE v. 3).

Table 9: Study Calendar for GP/C/05/PRO

A V1 V2 - < ] . " 2 craa|  Follow-u
Visits (V) Sereening |Baseline| Y3 | V4 | V5 | V6 | V7 | V8| Vo lvaer| D e -
] D2 | Dia| D28 | D56 | D84 | D&6 | D112 | D68 1-2 weeks after
Days (D) AT o | | | | 2| e | 2| 2 | 20 | i visi ?J::U}
Informed consent X
Inclusion/exclusion X X
Demography, lifestyle, height X
Fasting” X X X X X X
Medical history X
Physical examination and weight X X X X X X
\_f'il;d si_gn measurements X X x | x | x X X
(including temperature )
Electrocardiogram X X- X X X X
Clinical safety laboratory tests X! X X X X
Bgne pain, urinary pain, and X x| x|x|x|x|x X X
urinary symptoms
Assessment of hot {lushes X X | X[ X[ X | X | X X X
WHO/ECOG performance status X X X | X | X X X X
Study drug administration X X
Testosterone level X X X | X[ XX |X [X X X
LH and FSH level’ X X | X[ X | X | X |[X X X
PSAE X X1 X | X X X X
Pharmacckinetic blood sample” X XX [X | X | X | X X X
Local tolerability assessments X X
Previous/concomitant treatments X X X | X [X | X X | X X X X
Adverse event monitoring X XX [X | X | X | X X X X
Dispense diary to patient X X X7 X X
Review diary from patient XX [X | X | X | X X X

ECOG = Easiern Cooperative Oncologic Group; FSH = follicle-stimulating hormone; LH
PSA = prostate-specific antigen; WHO = World Health Oreanization

* All Visit 10 (Day 168) procedures will be performed for any patient who withdraws prematurely from the study
whenever possible.

Patients must be fasting (no food or drink within 8 hours before the study visit).

Electrocardiogram is performed at the baseline visit only if the screening electrocardiogram was done =8 days before.
Clinical safety laboratory samples are collected at the screening visit, and visits 5. 7. and 9, and 10.Clinical safety
laboratory assessments include coagulation (prothrombin time/partial thromboplastin time at Screening only).
hematology, chemistry. and urinalysis. Patients must be enrolled within 14 days of the screening visit.

On Days 0 and 84, blood samplings for testosterone, LH, and FSH will be collected before dosing and 1 and 4 hours
afier dosing.

Testosterone level at Screening will be determined at the clinical center as part of the clinical safety laboratory
analysis (for inclusion. screening lestosterone level must be 21.5 ng/mL).

Each PSA sample will be divided into 3 aliquots; analysis of one PSA aliquot will be performed by the local
laboratory of each clinical site; two PSA aliguots will be stored at a central site and analyzed at the end of the trial (if
_ mot before) by Muvisan, Germany.

luteinizing hormone;

&=

T -

]

=

29

Reference ID: 3739677



Clinical/Statistical Reviews
NDA 205054: Lutrate Depot ek

Statistical Methods (GP/C/05/PRO)

Analysis Populations (per the applicant’'s SAP)

e The “ITT” population: to include patients who received at least 1 dose of
study treatment and had at least 1 efficacy assessment after the first
dose.

e The evaluable population was defined as the total number of patients with
data at one or more of the key time points (i.e., Day 28, 84 and 168).

e The per-protocol (PP) population: to only include patients who completed
all visits per protocol and received all doses of study drug.

e The safety population: to include all enrolled patients who received at
least 1 dose of the study drug

Sample Size

The null hypothesis was that the percentage of successful patients in the
population was less than the reference proportion, i.e., Ho: p = 93% versus Ha:
p = 98%. A 2-sided exact test for the single proportion at a 5% significance
level would have 80% power to detect a difference between the null
hypothesis 93% and the alternative 98% when the sample size was N = 144. .
With a maximum dropout rate of 10%, the study planned to enroll 160 patients.

Primary Endpoint Analysis

The primary analysis was to assess the percentage of successfully treated
patients in the evaluable population with testosterone < 0.5 ng/mL (i.e., N
successes /N evaluable patients) at Days 28, 84, and 168. The goal was to demonstrate
the achievement and maintenance of castration through Day 168 with no
missing data at the key time points.

For each patient, if testosterone was greater than 0.5 ng/mL or if testosterone
data were missing at any of the key time points (i.e., Days 28, 84, and 168),
the patient would be classified as a failure, unless the missing data were due
to an event unrelated to study drug such as death.

Testosterone levels at other time points (i.e., Day 56, Day 86, Day 112, and 1
and 4 hours after the second dose on Day 84) were planned to further

characterize individual patient data. Missing data at such time points would be
handed with the LOCF method.
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Based on testosterone concentrations throughout the study, an exact 2-sided
binomial test was planned to examine the study “success” at the reference
(null hypothesis) castration rate of 93% versus the alternative rate of 98%.

Reviewers’ comments:

The statistical plan for evaluating the primary endpoint was based on an exact 2-sided
binomial test of a point estimate of the percentage of patients who achieved and
maintained castrate testosterone levels on Days 28, 84, and 168. Results of the test
could be affected by the amount of missing data at the three key time points, since
patients would be considered “successful” in achieving or maintaining castration if the
missing data was assessed as unrelated to study drug. This may introduce bias in an
open-label study since it was necessary to determine whether a missing data point
was related or unrelated to study drug. The statistical plan did not discuss issues
related to testosterone levels at the other time points. To better address issues
concerning missing data and testosterone surges in the study, it is more suitable to
use the Kaplan-Meier method for analysis of the maintenance of castration.

6 Review of Efficacy

6.1 Indication

The proposed indication ) (4)

treatment of patients with advanced prostate cancer.

is for the palliative

6.1.1 Methods

The clinical and statistical reviewers evaluated|  ®% studies according to the

strategies listed in Section 5.2. The reviewers examined the submitted datasets
and verified the completeness of the datasets and data consistency with the
findings described in the study reports. The reviewers also assessed the
applicant’s reported analyses and conducted independent analyses. Issues
identified during the review were discussed in order to reliably determine the
castration efficacy ]

6.1.2 Demographics

(b} (4)
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For Study GP/C/05/PRO (Lutrate Depot 22.5 mg), 163 patients were enrolled
from 25 study sites in the USA. Their demographic and baseline disease
characteristics are shown in Tables 10 and 11, respectively.

Table 10: Demographics of Patientsin| @@ GP/C/05/PRO

GPI/C/05/PRO
(N=163)

Age 72

Median (Range) (47, 91)
Race (%)
Caucasian 101 (62%)
African American 49 (30%)
Other 13 (8%)

Table 11: Disease Characteristics in_ GP/C/05/PRO

GP/C/05/PRO
(N=163)

Disease Stage (%)

Metastatic 18 (11%)

Non-Metastatic 145 (89%)

Unknown 0
Testosterone (ng/mL) 3.B5"
Median (Range) (0.63, 9.9)
PSA (ng/mL) 6.5
Median (Range) (0.4, 935)
*Based on Day 0 pre-dose testosterone levels

Reviewer Comments:

Both studies only had a small percentage (5-11%) of patients with metastatic prostate
cancer in whom use of a GnRH analog is generally indicated. It is not clear how many
patients without metastatic disease would benefit from use of a study product that was
intended to achieve androgen deprivation.

Patient Treatment and Disposition

All patients enrolled received their first treatment on Day 0.
one in Study GP/C/05/PRO withdrew
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from their study before Day 28, making them not evaluable for determination of
castrate levels of testosterone by Day 28. The rest of patients had study
treatment between Day 28 and Day 168. Table 12 lists patient disposition

Table 12: Patient Dispositionin| @@ Gp/C/05/PRO

GP/CI/05/PRO

(N=163)
Completed Study (%) 151 (93%)
Withdrawn and or
Discontinued (%)
Before Day 28 1(<1%)
After Day 28 11 (7%)
*Including 2 patients who discontinued due to adverse events: Patient

was hospitalized for his knee surgery and Patient ad an

abdominal aortic aneurysm.
There was no discontinuation due to adverse events in Study GP/C/05/PRO.

Key protocol violations and deviations are summarized in Table 13. Patients
who did not complete all protocol visits and/or receive all scheduled doses
(without major violations) were not included in the per-protocol (PP) populations
according to the protocol definition as listed in Section 5 of this review. None of
the listed violations and or deviations were considered to significantly affect the
evaluation of the achievement and maintenance of castration in the evaluable
population.

Table 13: Key Protocol Violations and Deviations

GPI/C/05/PRO
(N=163)
Criteria Unmet 2
Use of Prohibited Treatments** T
Patients who did not complete all
protocol visits and or receive all 29

scheduled doses™™**
Note: Some patients had more than one violation and or deviations.
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ng/mL. This patient was not included in the evaluable population as he was
discontinued from the study before Day 28.

**Prohibited treatments included use of androgen receptor inhibitors (e.g.,bicalutamide)
and radiation therapy. One patient! ®® jn Study GP-C-05-PRO received a
dose of Trelstar one week before his last visit on Day 168. He had castrate levels of
testosterone during the study.

***Based on the statistical assessment of relevant datasets in the submission.

With the above information, three populations as shown in Table 14 were
identified for efficacy and safety analyses. For each evaluable population, this
review included one additional patient as listed in the footnote of this table. The
applicant excluded the two patients from their evaluable population for
incomplete dosing or the investigator's unresponsiveness to inquiries. Given
the study design and central laboratory determination of blood testosterone
levels, the two patients should be included and considered evaluable for
determination of castration.

Table 14: Populations for Efficacy and Safety Analyses

) 4)
GPI/C/05/PRO
(N=163)
Evaluable Population* 162
PP** 134
Safety Population 163
*Excluding patients who dropped out before Day 28 in Table 12. Patient () (6)"
was included for the — ® study since he had testosterone values from Day 28
through Day 168. Similarly, Patient| _ ~ ®@ in the 22.5 mg study was
included as he had testosterone values available from the central laboratory despite the
use of radiotherapy during the study.
**Excluding patients who did not complete all protocol visits and or receive all
scheduled doses of study treatment

Review Comments:

The evaluable population of ®® GP-Pharm’s Lutrate depot will be the basis for the
primary analysis and interpretation of the effectiveness of| % depot. Analysis results
from the PP population will be used to help examine data consistency.

6.1.3 Analysis of Primary Endpoint(s)

(b))

4 Page(s) has been Withheld in Full as b4 (CCI/TS) immediately following this page
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Analysis of Primary Endpoint in Study GP/C/05/PRO (for the 22.5 mg
formulation)

The primary endpoint for this study was “Proportion of successful patients
achieving castration (testosterone <0.5 ng/mL) at Days 28, 84, and 168, and
maintaining castration through Day 168”.

The proportion of patients who achieved castrate levels of testosterone by Day
28 was assessed and the results are shown in Table 21. In the evaluable
population, 96.9% of patients achieved castration by Day 28. This castration
rate is similar to the applicant’s reported castration rate of 98.7%, indicating that
Lutrate 22.5 mg was efficacious in achieving castration in >90% of study
patients at Day 28. Note that the applicant did not include 2 patients with
missing data on Day 28 in the calculation.

Table 21: Proportion of Patients Who Achieved Castration on Day 28 in
Study GP/C/05/PRO

Evaluable PP
(N=162) (N=134)

Number of Patients with a
testosterone level of <0.5 157 132
ng/mL on Day 28

. 96.9°% 98.5%

o)
Castration Rate (95% Cl) (92.9%: 99.0%) | (94.7%: 99.8%)
*Two patients ®©® who had missing data on Day 28

were treated as ‘“failure” in this review since their testosterone levels
immediately prior to the missing data were >0.5 ng/mL.

To evaluate the proportion of patients who maintained castration from Day 28
through Day 168, the Kaplan-Meier method was used to calculate the
cumulative probability of maintenance of castration. The reason is that the
reviewers found numerous testosterone surges and missing data throughout
the study. Table 22 lists patients with testosterone surges without missing data
and Table 23 summarizes those with missing data and or testosterone surges.
It would be difficult to address these issues in a binomial test.

Table 22: Patients with Testosterone Surges without Missing Data in
Study GP/C/05/PRO

Time of Testosterone Surges

Patient ID (>0.5 ng/mL)

—_

®®"Day 84 4H postdose
2 Day 168

39

Reference ID: 3739677



Clinical/Statistical Reviews

Days 56, 84 1H postdose, 84 4H postdose

Day 86

Day 56

Days 28, 56

Day 112

Day 112

Days 84 pre-dose, 168

Day 86

Day 56

Day 112

Day 84 4H postdose

Day 86

Days 28, 112

Day 56

Day 86

Day 84 1H postdose

Day 84 1H postdose

Day 56

Day 84 1H postdose

Patients with a testosterone surge at any of the key time points were highlighted in yellow.

Table 23: Patients with Missing Data in Study GP/C/05/PRO

Patient
ID

Reference ID: 3739677

Missing Data Testosterone Failure (Event)/
(Time Points) Surges No Surges (Non-
(>0.5 ng/mL) event)
with Time from
Day 28 Used in
the FDA Analysis
Day 86 — No surges from Day
28 through Day 168
Day 84 4H postdose — No surges from Day
28 through Day 168
Days 56, 84 predose, 84 1H — No surges from Day
postdose, 84 4H postdose, 86, 28 through Day 168
112
Day 84 predose — No surges from Day
28 through Day 168
Day 112 — No surges from Day
28 through Day 168
Day 112 — No surges from Day
28 through Day 168
Days 84 1H postdose, 84 4H Day 168 Failure, on Day 168
postdose
Days 84 1H postdose, 84 4H — No surges from Day
postdose, 112, 168 28 through Day 86;
Censored Day 86
Day 84 1H postdose Day 56 Failure, on Day 56
Day 84 4H postdose — No surges from Day
28 through Day 168
Day 56 — No surges from Day
28 through Day 168
Days 84 predose, 84 1H Day 28 Failure, on Day 28

postdose, 84 4H postdose, 86,
112

Day 28

Uncertain:
considered no
surges from Day 28
through Day 168
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(b) (6)

14 Day 112 Days 86, 168 Failure, on Day 86
15 Days 56, 84 predose, 84 1H — No surges from Day
postdose, 84 4H postdose, 86, 28 through Day 168
112
16 Day 112 — No surges from Day
28 through Day 168
17 Days 84 predose, 84 1H — No surges from Day
postdose, 84 4H postdose, 86, 28 through Day 168
112
18 Days 28, 84 1H postdose, 84 — Uncertain:
4H postdose considered no
surges from Day 28
through Day 168
19 Day 112 — No surges from Day
28 through Day 168
20 Day 84 1H postdose — No surges from Day
28 through Day 168
21 Days 84 1H postdose, 84 4H Day 56 Failure, on Day 56
postdose
22 Day 84 4H postdose — No surges from Day
28 through Day 168
Including patients with missing data who also had testosterone surge(s). Patients with a
testosterone surge at any of the key time points were highlighted in yellow.
Two patients ®)X®) highlighted in gray, were considered to have
“uncertain” status on Day 28 since they had a non-castrate level of testosterone on Day 14
with missing data on Day 28. Data was missing due to either a missed visit or inadequate
samples. The rest of testosterone levels after Day 28 show that they maintained castration
during the study. As such, they were classified as “No surges from Day 28 through Day 168” in
the analysis of castration maintenance (Table 24).

Based on the information contained in Tables 22 and 23, a Kaplan-Meier
analysis was performed. As shown in Table 24, the cumulative probability of
castration maintenance was 83.9% (95% CI: 77.3%, 88.8%) in the evaluable
population, indicating that Lutrate 22.5 mg was not efficacious in maintaining
castration. Similar results were found in the PP population.

Table 24: Proportion of Patients Maintaining Castration in Study

GP/C/05/PRO
Evaluable PP
(N=162) (N=134)
Number of patients
maintaining a testosterone
level of <0.5 ng/mL from Day 136 115
28 through Day 168
83.9"%
. 85.8%
(o)
Castration Rate (95% ClI) (77.3%, 88.8%) (78.7%, 90.7%)
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*The castration maintenance rate would be 82.7% (95% Cl: 75.9%, 87.7%) if the
two patients categorized as “Uncertain” (Table 23) were considered “failure” in the
Kaplan-Meier analysis. When these two patients were excluded from the analysis
due to the missing data, the castration maintenance rate was 83.7% (95% CI:
77.0%, 88.6 %).

Our review findings are different from the results of the Applicant’s analysis
(Table 25). This analysis ignored some detected testosterone surges (including
a few surges at the end of study), leading to an overestimation of the rate of
castration maintenance.

Table 25: Applicant’s Reported Proportion of Patients Who Reached
Castration in Study GP/C/05/PRO

Total
(N=161)
n (%)
Number of Evaluable Patients 161
Number of Successful Patents 158 (98.1)
Number of Failed Patients i(l9
Two-51ded Exact 93% Confidence Interval of the 04 7906
Percentage of Successful Patients
Adapted from Applicant’s CSR Page 70. Note that one patient ®® yas not included in

the applicant’s evaluable population.

Reviewer’s Comments:

The above results show that GP-Pharm’s Lutrate ®® 22.5 mg were able to
achieve castration on Day 28 but were not efficacious in maintaining castration from
Day 28 through Day 168. Most of the testosterone surges occurred within one week
after the second dose (Tables 17 and 23), suggesting ®@ formulation might not
sufficiently or completely desensitize the pituitary in some patients, making the gland
still sensitive to the agonistic stimulation of leuprolide acetate. This may be related to
the quality ®®@ that might not consistently deliver the intended
leuprolide dose as intended or maintain a sufficient leuprolide level in the circulation at
the end of the first dose. Such possibilities may be supported by the @@ % product
oveffill per vial as identified in the CMC review. Given the inadequate castration
maintenance and the CMC issues, the reviewers recommend that Applicant conduct
new studies ®®@ with batches acceptable from a CMC perspective.

6.1.4 Analysis of Secondary Endpoints(s)

Evaluation of the secondary endpoints @9 does not provide
substantial evidence for the intended indication, since Bl

was not
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efficacious in maintaining castration during the study (Section 6.1.3). In
addition, key secondary endpoints (e.g., changes in PSA or LH) were part of
the pharmacological actions known to androgen deprivation therapy and were

considered supportive when the primary endpoint of maintaining castration was
met.

6.1.5 Subpopulations

Given the findings described in Section 6.1.3 and the small sample size of| @
study, subpopulation analyses are not clinically relevant.

6.1.6 Analysis of Clinical Information Relevant to Dosing
Recommendations

For ~ @@ utrate, there was only one dosing schedule used in
the P9 study.

6.1.7 Discussion of Persistence of Efficacy and/or Tolerance Effects
®® studies were conducted with a total of 6 months of monitoring blood
testosterone levels at various time points. Persistence of effectiveness beyond

6 months remains unknown.

No evidence has shown that GnRH analogs induce tolerance with continued
dosing.

6.1.8 Additional Efficacy Issues/Analyses

None

7 Review of Safety

7.1 Methods

The reviewer evaluated the safety profile of| @ Lutrate O hased
on the submitted adverse event datasets and laboratory results. For patients
who had SAEs, data consistency and outcomes were examined across relevant
datasets along with the information provided in CRFs and narratives. Special
attention was paid to adverse reactions known to GnRH analogs or androgen
deprivation.
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Treatment-emergent adverse events (TEAESs) included any new adverse
events reported during the study, and treatment-related adverse events
(TRAESs) were tabulated according to the Investigator’s reported attribution
assessments.

7.1.1 Clinical Studies Used to Evaluate Safety

The safety evaluation GP-Pharm Lutrate[ @@ was based on
the data isted in Section 5.1.

7.1.2 Adequacy of Data

The reviewers considered the submitted data adequate for the safety
evaluation based on the submitted safety datasets, mainly including information
on exposure, adverse events, concomitant medications, physical examination,
vital signs and laboratory results.
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7.2 Adequacy of Safety Assessments

Based on the safety assessment schedules (Section 5.3) and submitted safety

datasets, short-term toxicities of the Lutrate formulations appear to be
adequately evaluated. that the
safety profile of leuprolide has been known for over two decades, safe

information is sufficient to characterize the adverse
reactions Nevertheless, the long-term
(e.g, over years) safe could not be assessed due to

the study period of 6 months

7.2.1 Overall Exposure at Appropriate Doses/Durations

In Study GP/C/05/PRO, 157 of the total 163 patients received 2 protocol-
required doses of Lutrate 22.5 mg and 151 patients completed the study. The
duration of exposure was about 6 months as well.

7.2.2 Explorations for Dose Response

Not applicable
7.2.3 Special Animal and/or In Vitro Testing
Not applicable

7.2.4 Routine Clinical Testing

All study patients were monitored with periodic physical and routine laboratory
examinations according to the study calendars discussed in Section 5.3.
Adverse events were assessed at every scheduled visit. This was adequate to
determine the adverse event profiles of the products.
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7.2.5 Metabolic, Clearance, and Interaction Workup

There was no drug-drug interaction study conducted for this NDA. See clinical
pharmacology review for additional PK information.

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug
Class

Common adverse events from use of leuprolide or other GhRH analogs in men
are related to castrate levels of testosterone. These generally include hot
flushes, fatigue, headache, Gl disturbances, erectile dysfunction, decreases in
bone density or osteoporosis, increases in the risk of developing diabetes and
fatal cardiovascular disease. Their incidences may be associated with the
duration of exposure. Metabolic changes such as diabetes and the increased
risk of cardiovascular disease may occur after long-term use.

7.3 Major Safety Results

7.3.1 Deaths and Serious Adverse Events

Deaths:

There were no deaths in Study GP/C/05/PRO.

SAEs:
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In Study GP/C/05/PRO, 14 SAEs (Table 28) were reported in 12 patients.
Three of them were syncope, which was transient and resolved without
complications. One SAE was myocardial infarction which occurred 135 days
after the start of study treatment. The patient was hospitalized for 2 days during
which the SAE resolved.

Another important SAE was diabetic ketoacidosis, which occurred 114 days
after the study treatment initiation in a patient who were taking lisinopril and
simvastatin. At diagnosis, his fasting glucose was 632 mg/dL, much higher than
the previous fasting glucose levels he had (123,146, 209 mg/dL at Baseline,
Days 28 and 84, respectively). The patient was hospitalized for 5 days and
discharged with metformin and glyburide. At the Day 168 visit, his fasting
glucose level was 178 mg/dL. The investigator's causality assessment was that
this event was unrelated to study treatment.

Table 28: Reported SAEs in Study GP/C/05/PRO

Safety Population
(N=163)

Number of SAES (%) 14 (9%)
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Diarrhea

Myocardial infarction
Syncope

Cardiac failure congestive
Pneumonia

Syncope

Inguinal hernia, obstructive
Benign neoplasm of bladder
Diabetic ketoacidosis

Fall

Syncope

Dehydration

Non-cardiac chest pain
Rectal hemorrhage

SAE*

Two patients had an additional SAE each.
*All the listed SAEs were reported to be unrelated or unlikely related to study treatment.

Reviewer’'s Comments: The above SAEs include hyperglycemia, worsening Type-2
diabetes, and diabetic ketoacidosis. In the reviewer’s assessment, the diabetic SAEs
might be attributed to a worsening of glycemic conirol by ADT. This may be
exemplified by the gradual increase in Fasting Glucose Levels with study duration in
the case of the patient with diabetic ketoacidosis. On the other hand, the Investigator’s
assessment of the same SAEs considered the causality as “unrelated or unlikely
related” to study treatment. This difference may reflect challenges or uncertainty in the
causality assessment in single-arm, open-label studies.

7.3.2 Dropouts and/or Discontinuations

(b) (4)

No patients discontinued due to an adverse event in Study
GP/C/05/PRO.

7.3.3 Significant Adverse Events

Based on the Investigator’s reported causality assessments, key adverse
events that were considered possibly, probably or certainly related to study
treatment were hot flushes, fatigue, injection site pain and hyperhidrosis (Table
29). These events are generally consistent with the results from the pooled
analysis (Table 26) and the individual study analysis (Tables 30 and 31).
Except for injection site pain, the other adverse events represent common
reactions known to occur with ADT.
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There were no hypersensitivity and allergic reactions reported in the two

studies.
Table 29: Important Treatment-Related Adverse Events Reported in -
f 0 1 GPicosPRO
Study GP/C/05/PRO
(N=163)

Hot Flushes 126 (77%)

Fatigue 16 (10%)

Injection Site Pain 15 (9%)

Hyperhidrosis 5 (3%)

7.4 Supportive Safety Results

7.4.1 Common Adverse Events

Commonly reported treatment-emergent adverse events or reactions
with an incidence of = 10% were tabulated regardless of their causality.
e results are shown in Table 31 (for
the 22.5 mg study). Adverse events were hot
flushes, arthralgia, fatigue, injection site pain, headache, and diarrhea. The
majority of them were mild or moderate in the severity. Of them, hot flushes,
fatigue, and injection site pain were attributed to study treatment (Table 29).
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Table 31: Common Adverse Events Reported in Study GP/C/05/PRO

Safety Population
(N=163)
All Grade Grade 3-4

Hot Flushes 127 (%) 5 (%)
Diarrhea* 21 (%) 2 (%)
Pollakiuria 20 0
Arthralgia 18 (%) 0 (%)
Injection Site Pain 18 (%) 0 (0%)
Fatigue 17 (%) 0 (0%)
*Nineteen events were assessed as unrelated to study treatment.

7.4.2 Laboratory Findings

Safety laboratory parameters were monitored @@ and the results
were categorized as low, normal, or high. Patients in each category were listed
according to visit times in the NDA submission, and the Applicant reported that
overall none of the changes were considered clinically relevant by the
Investigators.
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The reviewer evaluated important laboratory parameters known to be affected
by GnRH analogs, including CBC, hepatic transaminases, glucose and
creatinine. To assess the severity, reported values of the parameters during the
study were graded according to the current NC| CTCAE v4 criteria. The

findings are shown in Tablel ¢ 33,

Among the abnormalities, hyperglycemia appeared to be the most common in
the two studies and a few patients had a Grade 3-4 elevation, including one
patient who had diabetic ketoacidosis diagnosed (Section 7.3.1) 3 months after
study treatment. This highlights the importance of monitoring glucose in
patients treated with a GnRH analog. In addition, elevations in hepatic
transaminases and creatinine were also detected.
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Table 33: Important Laboratory Abnormalities in Study GP/C/05/PRO

Safety Population
(N=163)
All Grade Grade 3-4
Hyperglycemia* 127 (78%) 9 (6%)
Decrease in
Hemoglobin 3 {6ve) O
Increase in ALT/AST 35 (21%) 0 (0%)
Increase in
Creatinine 6{%8) O
Monitored on Days 28, 84, 112, and 168
*At screening, 92 patients (56%) had hyperglycemia and of them, 3
patients had Grade 3 hyperglycemia.

7.4.3 Vital Signs

Vital signs including body temperature were monitored according to the study
calendars (Tables 7 and 9). No significant trends or changes were observed.

7.4.4 Electrocardiograms (ECGs)

ECGs were monitored in the two studies according to the Study Calendars
(Tables 7 and 9). There were no ECG waveforms submitted to the ECG
warehouse for evaluation Based on the Applicant’s submitted ECG
datasets, the reviewer examined whether there were patients with a severe
prolongation of the QT interval.

In Study GP-C-05-PRO, three patientsm with a QT
interval of >500 ms at baseline were enrolled an eir intervals remained
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of >500 ms during the study. None of them had a symptomatic arrhythmia or
cardiac adverse event reported. There were no patients who had a QT interval
of >500 ms newly detected in two separate ECGs while on study.

Reviewer’s Comments:
There was no criterion for QT interval in the eligibility requirements for the two studies.
The QT interval prolongation could not be fully evaluated in the absence of ECG

waveforms. Some of the above cases appear consistent with the current QT/QTc
warning in the label of approved GnRH analogs.

7.4.5 Special Safety Studies

None

7.4.6 Immunogenicity

Not assessed in the study.

7.5 Other Safety Explorations

7.5.1 Dose Dependency for Adverse Events

Not applicable since the study patients received the scheduled doses in each
study.

7.5.2 Time Dependency for Adverse Events
A 6-month study interval was available for adverse event assessment in both

studies. This interval was insufficient to adequately assess the occurrence of
adverse events over time.

7.5.3 Drug-Demographic Interactions
Drug-demographic interactions for safety are not explored since the
effectiveness ®®@ could not be reliably established

with the current clinical data (Section 6.1.3) and CMC deficiencies (Section
4.1).

7.5.4 Drug-Disease Interactions

Unable to assess in these short-term, single-arm studies
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7.5.5 Drug-Drug Interactions

Not studied in this NDA.

7.6 Additional Safety Explorations

7.6.1 Human Carcinogenicity

Potential carcinogenicity has not been suggested with GnRH analogs.

7.6.2 Human Reproduction and Pregnancy Data

There were no reports of pregnancy in the female partners of men enrolled in
(b) @)

7.6.3 Pediatrics and Effect on Growth
Not applicable for this NDA.
7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound

No overdose was reported. The product has no known abuse potential in men.

8 Postmarketing Experience

Not applicable.

9 Appendices

9.1 Literature Review/References

Inserted as footnotes

9.2 Labeling Recommendations

Labeling was not initiated because of deficiencies identified during the review.

9.3 Advisory Committee Meeting

This application was not referred to the Oncologic Drugs Advisory Committee
since this NDA has numerous deficiencies identified during the review.
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1 EXECUTIVE SUMMARY

In this 505 (b) (2) new drug application (NDA), the applicant seeks approval of LUTRATE

DEPOT (leuprolide acetate for depot suspension) @@ 2.5 mg for three
months for palliative treatment of advanced prostate cancer, with Lupron™ Depot o
22.5 mg, @@ a5 the listed drug.
The applicant submitted the results of 2% open-label, single-arm Phase 3 trials o
Study GP/C/05/PRO for 22.5 mg in 163 patients). The
primary efficacy endpoint was the achievement and maintenance of castration (plasma o
7\

testosterone level < 0.5 ng/mL). Clinical and statistical reviews concluded that
failed to meet the primary efficacy endpoint in the trials, and a complete response letter will be
issued.

Pharmacokinetic (PK) data available from ®®@ 30 patients in
Study GP/C/05/PRO indicated that maximum plasma concentration (Cpn,x) of leuprolide was
achieved in approximately 2 hour after intramuscular injection. No obvious accumulation in
plasma leuprolide concentrations was observed after repeated doses of o
LUTRATE DEPOT.

The Office of Scientific Investigation (OSI) inspection concluded that the bioanalytical assays
used for the measurement of testosterone concentrations are acceptable.

1.1 RECOMMENDATIONS
This NDA application is acceptable from a clinical pharmacology perspective. However, as a

complete response letter will be issued for this NDA, no labeling language agreement or post-
marketing requirement/commitment is needed.

Signatures:
Pengfei Song, Ph.D. Elimika Pfuma, Ph.D.
Reviewer Acting Team Leader

Division of Clinical Pharmacology V  Division of Clinical Pharmacology V

Cc: DDOP: CSO - Charlene Wheeler; MTL - Viginia Maher; MO - Yangmin Ning;
DCP-5: DDD - Brian Booth; DD - Nam Atiqur Rahman
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2 QUESTION BASED REVIEW

2.1

GENERAL ATTRIBUTES

2.1.1 What are the highlights of the chemistry and physical-chemical properties of the

drug substance and the formulation of the drug product as they relate to clinical
pharmacology and biopharmaceutics review?

Leuprolide acetate is a synthetic nonapeptide analogue of leuteinizing hormone-releasing
hormone (LHRH), also known as a gonadotropin releasing hormone (GnRH) analogue.
Leuprolide acetate is a white to off-white powder with a molecular weight of 1209.4 (free base).

Physico-chemical properties of drug substance

1.

el

6.

2.1.2

Structural formula:

~0OH

o ——
- : H | /l/
o= '<M A Hﬂfl\
: |

H

Established name: Leuprolide acetate

Molecular weight (free base): 1209.4

Molecular formula: C5oHgsN16012

Chemical name (CAS): 5-oxo-L-prolyl-L-histidyl-L-tryptophyl-L-seryl-L-tyrosyl-D[!
leucyl-L-leucyl-L-arginyl-N-ethyl-L-prolinamide acetate (salt)

Solubility: Soluble in water and methanol

What are the proposed mechanism of action and therapeutic indication?

LUTRATE DEPOT (leuprolide acetate for depot suspension) is a GnRH agonist proposed for the
palliative treatment of advanced prostate cancer.

NDA 205054 Review — LUTRATE DEPOT ®) @
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Leuprolide acetate is a potent agonist analogue of gonadotropin-releasing hormone (GnRH).
Continuous administration of leuprolide in males decreases luteinizing hormone (LH), follicle-
stimulating hormone (FSH), dihydrotestosterone (DHT), and testosterone concentrations by
desensitizing and/or down-regulating the pituitary.

2.1.3 What are the proposed dosage and route of administration?

LUTRATE DEPOT is provided in a kit with a vial, a prefilled syringe and a transfer device:

e LUTRATE DEPOT 22.5 mg for 3 months administration, given as a single intramuscular
injection every 12 weeks.

2.2 GENERAL CLINICAL PHARMACOLOGY

2.2.1 What are the design features of the clinical pharmacology and clinical studies used

to support dosing or claims?
n. the applicant seeks approval of LUTRATE DEPOT
(Leuprolide acetate for depot suspension)“ 22.5 mg three-month

In the current 505 (b) (2) NDA submissio

strength for the palliative treatment of advanced prostate cancer, with Lupron®
22.5 mg under (NDA 020517) (Abbott),| ®%as the listed drug.
The applicant submitted the results of

Study GP/C/05/PRO for the 22.5 mg strength n
163 patients). The primary efficacy endpoint was the achievement and maintenance of castration
(plasma testosterone level < 0.5 ng/mL) during the study course. Based on the clinical and
statistical reviews, able to achieve medical castration on Day 28 but failed to
maintain medical castration during the study course. Therefore failed to meet the
primary efficacy endpoint, and a complete response letter will be 1ssued to this NDA submission
based on this clinical issue (please see the clinical review by Dr. Yangmin Ning for more
information), along with compliance and CMC issues.

Thie applicait submittsd P data obtained —

NDA 205054 Review — LUTRATE DEPOT e

Reference ID: 3734222 3



Table 1. LUTRATE DEPOT Clinical Trials with PK Data

Micacy and safety,
PK analysis in a sub <LEUPROLIDE DEPOT>
group of patients (30} 22 5 mg multiple dose im,,
and population PK every 3 month

GP/CI0S/PRO
Section 5.3.5.2 Patients with
prostate cancer

Open-label

NDA 205054 Review — LUTRATE DEPOT e
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castration of subjects within 1 month from administration with a duration of castration of 3-4
weeks.

Phase 3 clinical trial GP/C/05/PRO was performed to evaluate the efficacy and safety of
LUTRATE DEPOT 22.5 mg formulation in 163 prostate cancer patients. In this study, the
leuprolide PK was assessed in a subset of 30 patients.

Reviewer’s note: The applicant also submitted a population PK report and a sigmoid Emax
model with a baseline effect parameter (E,) using 30 patients’ data in Phase 3 trial
GP/C/05/PRO. Together with Dr. Liang Zhao in Division Pharmacometrics, the clinical
pharmacology team decided not to review these two study reports, as the results will not affect
the decision-making in this NDA submission due to small sample size.

2.2.2 What is the basis for selecting the response endpoints or biomarkers and how are
they measured in clinical pharmacology and clinical studies?

Leuprolide acetate is a GnRH agonist indicated for prostate cancer. Plasma testosterone level is a
standard biomarker that has been used to assess drug activity in prostate cancer. Achievement
and maintenance of castration (the level of testosterone < 0.5 ng/mL) is the primary efficacy
endpoint. The plasma concentration of testosterone was measured

by a validated LC/MS/MS assay in Trial GP/C/05/PRO.

OSIS mspection concluded that_ are acceptable (see OSIS review
by Dr. Arindam Dasgupta in DARRTS).

2.2.3 Exposure-Response Relationship
2.2.3.1 Does this drug prolong the QT or QTc interval?

In the current submission, the applicant did not perform ECG monitoring or QT¢ prolongation
evaluation. Literature suggests that androgen-deprivation therapy causes QT prolongations and it
may be associated with an increased risk of cardiovascular morbidity and death.

2.2.4 Pharmacokinetic characteristics of the drug
2.2.4.1 What are the single dose and multiple dose PK parameters?

Please see the clinical and statistical review for the evaluation of the time course of testosterone
as the primary efficacy endpoint.

NDA 205054 Review — LUTRATE DEPOT e
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Strength 22.5 mg:

Following the first administration, plasma leuprolide concentrations increased rapidly. The
peak was followed by a decline over the next several days, maintaining sustained drug levels
after Day 28 until the following dose on day 84. Concentrations of leuprolide were
measurable up to 84 days for 18 out of the 30 subjects. The profile of leuprolide
concentrations following the second dose was similar to that following the first dose.
Following the two injections of LUTRATE DEPOT 22.5 mg, there was mild accumulation
of leuprolide.

100
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Figure 3: Plasma Leuprolide and Plasma Testosterone Concentrations
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(pg/mL) (Mean = SD) During Two Sequential .M. Injections of
LUTRATE DEPOT 22.5 mg with 3-Month Apart.

Source: [5.3.5.2. Study GP/C/05/PRO Report, Figure 11.5]

Table 4. Leuprolide Pharmacokinetic Parameters During the First Two 31
Monthly .M. Injections of LUTRATE DEPOT 22. 5 mg (N = 30)

Paameter N Mean (:5D)
Day 0/ Dose 1
Cmax (ng/mL) 30 46.79 (18.008)
tmax (day) 30 0.07 (0.051)
Cukt2 (ng/mL) 28 0.34 (0.434)
AUC g, (hr'ng/mL) 30 1696.74 (963.535)
AUC ¢.12vks (hr*ng/mL) 30 1698.40 (962.242)
C avg 0-120ks (NG/ML) 30 141.53 (80.187)
Day 84/ Dose 2
Comax (Ng/mL) 30 48.30 (18.557)
Tmax (day) 30 0.08 (0.056)
Cwki2 (ng/mL) 29 0.32 (0.285)
AUCq, (hr'ng/mL) 30 2328.84 (1134.039)
AUC g12uks (hr*ng/mL) 29 2336.58 (1144.831)
Cavg 0120k (NG/ML) 30 193.58 (93.949)

Source: [5.3.5.2. Study GP/C/05/PRO Report, Table 11.4.16]

2.2.4.2 How do the PK parameters change with time following chronic dosing?

No apparent accumulation was observed after the RE

first two doses for 22.5 mg strength (Figure 3, Table 4).

2.2.4.3 What s the inter- and intra-subject variability of PK parameters in

volunteers and patients, and what are the major causes of variability?
(®) @)

For LUTRATE DEPOT® 22.5 mg strength, the coefficient of variation (CV) is 38.4% for Cpax,
and varies from 48.5% to 56.8% for AUC following the first two doses (Table 4).

2.3 GENERAL BIOPHARMACEUTICS

2.3.1 What is the composition of the to-be-marketed formulation?

Each proposed commercial kit of the drug product LUTRATE DEPOT® @@ 225 mg
contains:
. One vial
NDA 205054 Review — LUTRATE DEPOT ®) @
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. One prefilled syringe
. One transfer device including one sterile needle (20 gauge)
. A complete prescribing information enclosure

The vial contains sterile lyophilized microspheres of leuprolide acetate incorporated in a

hen mixed with 2 mL of accompanying diluent, LUTRATE DEPOT 22.5 mg for 3-
month administration is administered as a single mtramuscular injection EVERY 12 WEEKS.

The composition of the to-be-marketed LUTRATE DEPOT® is shown in Table 5.

Table 5. Composition of LUTRATE DEPOT®. @ 23 5 ;g/Vial)

REFERENCE TO

NCREDENT LUTRATE 22.5mg LS STANDARDS
Active Ingredient
Leuprolide Acetate? 225mg Active Ingredient Ph Eur®

Excipients

PLA

Triethyl citrate (TEC) Ph Eur/USP*

Mannitol Ph Eur/USP*

Ph Eur/USP*

Carmellose Sodium

Polysorbate 80 Ph Eur/NF”

Source: NDA205054 Section 3.2.P.1.

2.3.2 Has the applicant developed an appropriate dissolution method and specification
that will assure in-vivo performance and quality of the product?

Please refer to biopharmaceutical review by Dr. Sandra S. Sharp.

2.4 ANALYTICAL SECTION

2.4.1 How are the active moieties identified and measured in the plasma in the clinical
pharmacology and biopharmaceutics studies?

Leuprolide is the active ingredient measured for PK evaluation, and the plasma concentration of
testosterone was measured as the surrogate marker for the primary efficacy endpoint.

NDA 205054 Review — LUTRATE DEPOT e

Reference ID: 3734222 12



2.4.2 For all moieties measured, is free, bound or total measured? What is the basis for
that decision, if any, and is it appropriate?

Total plasma concentration of leuprolide was measured. The total drug instead of free drug
concentration measurement appears acceptable, as the in vitro binding of leuprolide to human
plasma proteins was reported to range from 43% to 49%.

2.4.3 What bioanalytical methods are used to assess concentrations of leuprolide and
testosterone?

Strength 22.5 mg in Phase trial GP/C/05/PRO:

Leuprolide plasma concentrations were measured in patients using a validated Enzyme
Immunoassay (EIA) technique. Blood was collected in 10 mL PET tubes containing 25uM
PPACK, 4.5 mM EDTA) and 500 KIU/mL aprotinin, and then centrifuged (1600xg at 4°C for 15

NDA 205054 Review — LUTRATE DEPOT[ 0@
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minutes). Plasma was collected into PP tubes, divided into 2 aliquots and stored at -70°C or
colder before analysis.

The characteristics of bioanalytical method are summarized below (Table 7), based on the
Validation Report _Project Code: UX034) for ‘Determination of Leuprolide in
Human Plasma by EIA’:

Table 7. Characteristics of the Validated Enzyme Immunoassay (EIA) Method
Used to Measure Leuprolide Plasma Concentration in Trial GP/C/05/PRO

Calibrated Range 0.050 — 2.00 ng/mL
Defined LLOQ 0.100 ng/mL

Defined ULOQ 1.75 ng/mL

Inter-assay Accuracy [bias %] ‘Between -3.40% and 11.6%
Inter-assay Precision [CV %] Between 3.70% and 11.3%

(ICH: Intermediate Precision)

Intra-assay Accuracy [bias %] Between -13.7% and 27.6%
Intra-assay Precision [CV %] Between 0.433% (VSULOQ 2,00 ng/mL) and
(ICH: Repeatability) 10.7%

Testosterone

Upon the request of the Division of Oncology Products 1 (DOP1), the Office of Study Integrity
and Surveillance (OSIS) conducted an inspection of the bioanalytical assays used in the
measurement of testosterone concentrations . The OSIS

inspection concluded that the bioanalytical assays used for the measurement of testosterone
concentrations are acceptable. Please see OSIS review by Dr. Arindam Dasgupta in DARRTS for
more information.

NDA 205054 Review — LUTRATE DEPOT e
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Phase 3 Study GP/C/05/PRO:

A total of 2066 human plasma samples (N= 163 patients ) in Phase 3 Study GP/C/05/PRO were
analyzed for the content of Testosterone according to the bioanalytical method “Quantitative

Determination of Testosterone in Human Plasma by LC-MS/MS”. Testosterone and the internal
standard were extracted from plasma by liquid/liquid-extraction. The samples were analyzed by

NDA 205054 Review — LUTRATE DEPOT e
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LC-MS/MS using Turbo Ion Spray lonization and Multiple Reaction Monitoring (MRM). The
standard curves were linear in the measured range of 0.100 ng/mL to 10.0 ng/mL. The lower
limit of quantification was 0.100 ng/mL using 0.250 mL plasma.

Table 9. Characteristics of the LC/MS/MS Method Used to Measure Testosterone
Plasma Concentration in Trial GP/C/05/PRO

Calibration range : 0.250-10.0 ng/ml
LLOQ : 0.250 ng/mL
12 (overall mean) _ » 0.99810
Inter-run precision*® ) cv=29-42%
Inter-ran accuracy™ bias = 5.8%
Intra-run precision® cv=0.8-2.6%"
Intra-run accuracy* bias = 10.6%
Selectivity no problem
Maitrix test : : no problem
Stability in plasma at room temperatute at least 24 h
Stability after 3 Freezing / Thawing Cycles no problem
Stability of extracts of samples in a refrigerator (53°C £ 3°C) atlast 72 h
Stability of prepared samples at room femperature at Jeast 24 h
(Sﬁ?){’]g of prepared samples under antosampler conditions at least 72 d
Stability of prepared samples in a refrigerator (5°C + 3°C) at least 72 d
Stability in plasma at -20°C & 5°C at least 15 d
Stability of Analyte in the Stock Solution®* 490 days at 5°C+3°C/6 hat RT
Stability of Analyte in the Working Solution** 490 days at 5°C +3°C/6 hat RT
Stahility of 1.S. in the Stock Solution** 496 days at 5°C+3°C/6hat RT
Stability of 1.S. in the Working Solution** 15 days at 5°C+£3°C/6 hat RT
79.1% (Analyt)

Recovery . 79.5% (IS)
Matrix Effcke no significant effects observed
Dilution procedures up to 4-foid

NDA 205054 Review — LUTRATE DEPOT ®®
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	1 Executive Summary 
	1.1. Product Introduction 
	NDA 205054 for Lutrate Depot, 
	22.5 mg for 3-month administration was 
	Figure

	resubmitted pursuant to the 505(b)(2) pathway, and the listed drug (LD) is leuprolide acetate. 
	Lutrate Depot formulations are microsphere formulations of leuprolide acetate. Leuprolide 
	formed into a lyophilized powder that is reconstituted with an included diluent (mannitol, 
	1.2. Conclusions on the Substantial Evidence of Effectiveness 
	ng/dL) between Days 28 and 168. The Agency’s standard for approval of gonadotropin­releasing hormone (GnRH) analogues has been that the lower bound of the 95% confidence interval for the achievement and maintenance of castration should be ≥ 90%. The ability of a GnRH analogue to produce castrate testosterone levels in the majority of patients has been used as a surrogate endpoint for the approval for these agents. 
	GP Pharm further evaluated the non-castrate testosterone levels and found that at some of the time points, an interfering peak was present in the samples from patients who received the 3 Month Formulation. Multiple discussions were held with the FDA and the Applicant chose to re­analyze all samples from the study of the 3 Month Formulation. The presence of the interfering 
	11 
	peak and results of the original and re-analyzed testosterone levels have been carefully 
	In the current 2018 NDA submission, the percentage of patients who maintained castrate testosterone levels between Days 28 and 168 were: 
	• 94.3% (95% CI: 89.4, 97.0) with the 3 Month Formulation. 
	The safety profile is similar to other GnRH agonists. The primary 
	compression, urinary retention, and bone pain. Additional concerns include the development of metabolic syndrome with resultant hyperglycemia and cardiovascular disease. QT prolongation can occur with androgen deprivation and seizures, with and without a prior history of seizures, have been seen with GnRH analogues. The most common Grade 1-4 adverse reactions (>10%) with either formulation of Lutrate are hot flush/flushing, injection site reaction, upper respiratory infection, asthenia/fatigue/malaise, and 
	• The team  of Lutrate Depot 22.5 mg (NDA 205054; original 1). This is based on its ability to achieve and maintain castrate testosterone levels in 94.3% of 
	recommends approval

	12 
	1.3. Benefit-Risk Assessment 
	13 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	Reference ID: 4308428 
	1.4. Patient Experience Data 
	Patient Experience Data Relevant to this Application (check all that apply) 
	14 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	Reference ID: 4308428 
	X. 
	Virginia Ellen Maher, M.D. Cross-Disciplinary Team Leader 
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	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	Reference ID: 4308428 
	2 Therapeutic Context 
	2.1. Analysis of Condition 
	Advanced prostate cancer is a serious and life-threatening condition and is the most commonly diagnosed cancer in men (Surg Clin North Am 2015 95:1023). The incidence increases markedly with age. While most patients in the US present with localized disease, the 5-year life expectancy among patients with distant metastases is approximately 30%.
	2.2. Analysis of Current Treatment Options 
	Multiple medications, including multiple generic drugs, have been approved for use in the palliative treatment of advanced prostate cancer. The approval of these drugs over several decades has led to differences in the basis of approval. The table below provides information on the trial designs of studies (other than generics) using leuprolide acetate. 
	Gonadotropin-releasing hormone analogues cause an initial increase and then, through down-regulation, a decrease in testosterone levels. Early in the disease, a decrease in testosterone levels results in shrinkage of castration-sensitive prostate cancers. Later in the course of the disease, prostate cancers become castration-resistant, but a portion of these tumor cells remain sensitive to testosterone. In patients with castration-resistant disease, GnRH analogues are typically continued and other agents ar
	The approval of GnRH agonists has been based on the surrogate endpoint, their ability to achieve and maintain castrate testosterone levels. An early trial comparing goserelin to orchiectomy found that they produced castrate testosterone levels in a similar proportion of patients and had similar overall survival (Urology 1995 46:220). Studies intended for the approval of GnRH agonists typically extends through 2 or 3 administrations. Achievement and maintenance of castrate T levels is typically measured: 1) 
	A key point in the design of the studies in the table below is that approval has been based on small single arm studies. Testosterone levels have been consistently measured at the end of each dosing interval, but there has been considerable variation in acute-on-chronic testing and testing during the dosing interval. Many of the trials assessed the acute-on-chronic effects in a subset of patients. 
	16 
	17 
	3 Regulatory Background 
	3.1. U.S. Regulatory Actions and Marketing History 
	The Applicant submitted a new drug application 
	in February 2018. Lutrate Depot has not 
	in February 2018. Lutrate Depot has not 

	been marketed in the U.S. 
	Lutrate Depot 22.5 mg was first marketed in Europe in 2015 and in countries outside of Europe in 2017. >1" reviewed through the European decentralized procedure. 
	16

	3.2. Summary ofPresubmission/Submission Regulatory Activity 
	The table below provides important information on regulatory milestones in the development of the (bll' 3 Month Formulations of Lutrate Depot. 
	Table 2: Regulatory Milestones 
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	Version date: February 1, 2016for initial rollout {NME/original BLA reviews) 
	4 Significant Issues from Other Review Disciplines Pertinent to Clinical Conclusions on Efficacy and Safety 
	4.1. Office of Scientific Investigations (OSI) 
	During the initial NDA review, three clinical study sites were inspected. 
	• 
	• 
	• 
	Dr. Neal Shore, Carolina Urologic Research Center 

	• 
	• 
	Dr. Gary Karlin, Lawrenceville Urology 

	• 
	• 
	Dr. Laurence Belkoff, Urologic Consultants at SE PA 


	The three sites accounted for 35% of the total patients from the US. Based on the OSI inspection summary of March 11, 2015, data from the sites appears to be reliable. Two sites were classified as no action indication while one was classified as voluntary action indication. The identified issues appeared to be isolated to that site and should not impact the overall trial. 
	The bioanalytical site that assayed the testosterone samples, 
	inspected during the initial review in 2014 and a Form 483 was issued. The 483 cited inadequate quality control of stability studies and inadequate information on the timing of sample processing. 
	responded adequately to these findings and provided a plan for corrective action. The results of the testosterone assays were considered adequate for review. 
	Figure

	In the current application, the Applicant submitted the results from re-analyzed testosterone samples from patients who received the 3 Month Formulation. These samples were re-analyzed 
	19 
	at >1" and lllll" was again inspected. This inspection again found issues with the quality control of the stability studies. bJl.ill responded adequately to these concerns. The results from the re-analyzed testosterone samples were considered adequate for review. 
	16

	During the initial 2014 review, the recommendation from the Establishment Inspection was to withhold approval. During the current submission, the facilities were again inspected and the findings were considered acceptable. See CMC review. 
	4.2. Product Quality 
	The lyophilized drug product is manufactured by forming the microspheres of leuprolide acetate with the biodegradable polymer >1" triethyl 
	16

	citrate, methylene chloride and heptane <b><microsphere 
	4 

	4 10114
	<b>< of leuprolide acetate Each vial of the 22.5 mg strength contains the following excipients: polylactic acid: 188.4 mg 
	Each vial of Lutrate Depot 22.5 mg contains 

	(235.5 mg bJl.ill triethyl citrate: 10.4 mg (13.0 mg ~ mannitol: 88.4 mg (110.5 mg lbl1' carboxymethyl cellulose: 25.0 mg (31.2 mg >1" polysorbate 80: 3.8 mg (4.8 mg <bll.ill The Applicant provided data justifying the 
	16

	overfill bJl.ill 
	Each vial is supplied with a 2 ml solution of 0.8% mannitol in water ~ in a prefilled syringe. When the mannitol solution is mixed with the lyophilized drug product the mixture becomes a suspension intended for intramuscular injection. The MIXJECT® sterile device allows the direct reconstitution of the bJl.ill powder using the solvent contained in the pre-filled syringe and the direct intramuscular injection of the resulting suspension into the patient. The device is fitted on the vial to pierce the stopper
	20 
	The product team recommends approval of Lutrate Depot 22.5 mg with a Postmarketing Requirement for in vitro testing of syringe performance for the combination product, mannitol diluent in syringe. A Postmarketing Commitment to develop an improved method for in vitro release testing has been agreed to. See CMC review for detailed information. 
	4.3. Clinical Microbiology 
	Microbiology and endotoxin testing are acceptable.
	4.4. Devices and Companion Diagnostic Issues 
	A Postmarketing Requirement will be issued for testing, early and late in its’ shelf-life, the diluent-containing syringe. This will include testing of the break loose, glide force, and dose accuracy. The Postmarketing Requirement will also include the development of a protocol for periodically testing diluent-filled syringes at the beginning and end of their shelf-life. 
	5 Nonclinical Pharmacology/Toxicology 
	5.1. Executive Summary 
	The Applicant submitted nonclinical pharmacokinetics, pharmacodynamics and toxicology data, which were reviewed previously on April 27, 2015 (NDA 205054 nonclinical review in DARRTS). The Applicant relied on nonclinical data from the listed drug, Lupron Depot, to support approval of Lutrate Depot. Lutrate Depot drug product contains the same active ingredient, leuprolide acetate, as the listed drug formulated in the same or lower strength. The bridge to scientifically justify reliance on nonclinical data fo
	Additionally, like most nonclinical studies conducted to support an NDA, studies described in the label for Lupron Depot used the active ingredient, leuprolide acetate, rather than the Lupron Depot clinical formulation. Therefore, any differences between the Lupron Depot and Procrin formulations would not have an impact on the ability of the Applicant for Lutrate Depot to rely on those data. In the studies conducted by the Applicant of Lutrate Depot, 
	over the expected period of time 
	months for 22.5) as would be expected for the listed drug and comparable to Procrin. Based on 
	21 
	the totality of the information available, the reliance on nonclinical sections of the Lupron Depot label are justified from the pharmacology/toxicology perspective. 
	From section 1.2 of the original nonclinical NDA review, Brief Discussion of Nonclinical Findings:
	Days 7 to 21, and testosterone levels remained low until study termination. The PD endpoint was shown to be correlated with PK levels, and the PK/PD profiles were qualitatively similar 
	across Lutrate Depot dose 22.5 mg). 
	Figure

	In addition to reliance on the listed drug, the Applicant provided published safety data to further characterize the safety profile of leuprolide acetate. These safety data were considered supportive/supplemental to the nonclinical review. 
	The Lutrate Depot formulation contains an excipient, triethyl citrate (TEC), that was not previously characterized when administered by the intramuscular route. TEC is listed in the FDA Inactive Ingredients Search for Approved Drug Products and is contained at a maximum potency up to 
	mg in an oral, delayed-action tablet. The safety profile of intramuscularly administered TEC was therefore characterized in a single- /repeat-dose (28-day) toxicology study in rats at doses which exceed that expected clinically. No adverse toxicity was reported in the TEC-treated animals. Based on this data and previous experience in approved drugs containing TEC for oral administration, this excipient was considered qualified at the specified level for intramuscular injection in Lutrate Depot. 
	Figure

	The Lutrate Depot drug product contains the same active pharmaceutical ingredient, leuprolide acetate, as the listed drug formulated in the same or lower strength. There are no safety concerns with the excipients in the Lutrate Depot drug product. Nonclinical PK/PD studies in dogs demonstrated that the Lutrate Depot intramuscular administration resulted in exposures and testosterone responses as would be expected for the listed drug and comparable to Procrin®, a leuprolide acetate depot product approved in 
	22 
	nonclinical requirements for approval as a 505(b)(2) NDA. Since FDA’s findings of safety and efficacy are captured in the product labeling, no further nonclinical studies are needed to support the approval of Lutrate Depot. 
	The Applicant submitted an updated package insert to include the new formulation and to comply with the content and format of the Pregnancy and Lactation Labeling Rule (PLLR). See Section 11 for the changes in the package insert. 
	This NDA for Lutrate Depot is recommended for approval from the perspective of the pharmacology/toxicology discipline. 
	X.X 
	Eias Zahalka, PhD. Acting Team Leader Tiffany K. Ricks, PhD 
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	6 Clinical Pharmacology 
	6.1. Executive Summary 
	The Applicant is seeking approval for LUTRATE DEPOT {leuprolide acetate for depot suspension) bll.il 22.5 mg given every three months for palliative treatment '""o_f_a_d-va_n_c_e_d_p_r_o_s-ta_t_e_c_a_n_c_e-r,-w-i-th-Lupron® Depo !blf4 22.5 mg <llJ<" NDA 
	020511. !b>Tas the listed drugs. 
	4 

	The clinical pharmacology review focuses on the acceptability of the bioanalytical method used 
	for the reanalysis of testosterone plasma concentrations and the supportive long-term stability 
	data from study GP/C/05/PRO -the clinical trial conducted to support the approval of the 22.5 
	mg formulation. Additionally, the review addresses the adequacy of bridging to the reference 
	product from a clinical pharmacology perspective. 
	(ti) (4 
	Study CP/C/05/PRO failed to meet the primary endpoint of castrate testosterone level due the presence of unidentified peaks that interfered with the quantitation of testosterone in a subset of samples. In this resubmission, the Applicant provided a modified bioanalytical method to selectively measure testosterone and the results of reanalysis of plasma samples from study GP/C/05/PRO. Additionally, the Applicant provided long-term stability data based on incurred sample reanalysis (ISR) to support the sample
	The safety and efficacy data supporting the approval of the 22.5 mg formulation are obtained from an open-label, single-arm Phase 3 trial (Study GP/C/05/PRO for 22.5 mg in 163 patients). As such, no bridging to the reference product is required to support the approval from a clinical pharmacology perspective. Additionally, the PK profile of the proposed formulation was characterized in 30 patients in the study. There was no tangible accumulation observed with repeated dosing of the proposed formulation and,
	The Office of Clinical Pharmacology has reviewed the information in support of NDA 205054 for LUTRATE DEPOT and concluded that the NDA is approvable from a clinical pharmacology perspective. 
	24 
	6.2. Summary of Clinical Pharmacology Assessment
	6.2.1. Pharmacology and Clinical Pharmacokinetics 
	Mechanism of Action: leuprolide acetate is a GnRH agonist. Continuous administration of leuprolide in males decreases luteinizing hormone (LH), follicle stimulating hormone (FSH), dihydrotestosterone (DHT), and testosterone concentrations by desensitizing and/or down-regulating the pituitary. 
	Absorption: Following the first administration of the 22.5 mg formulation, plasma leuprolide concentrations increased rapidly. The peak plasma concentration was reached by 2 hours. 
	Distribution: The mean-steady state volume of distribution of leuprolide following intravenous bolus administration to healthy male volunteers was 27 L. In vitro binding to plasma proteins ranged from 43% to 49%. 
	Metabolism and Elimination: No metabolism studies have been conducted for leuprolide acetate. The mean systemic clearance of leuprolide following intravenous bolus administration to healthy male volunteers was 7.6 L/h, and terminal half-life was approximately 3 hours based 
	doses of the 22.5 mg formulation 
	6.2.2. General Dosing and Therapeutic Individualization 
	Based on safety and efficacy data obtained from Study GP/C/05/PRO, the recommended dosage is 1 injection of the 22.5 mg formulation every 12 weeks. No dose adjustments based on intrinsic or extrinsic factors are listed in the approved USPI of the reference product. There are no outstanding issues from a clinical pharmacology perspective.
	6.3. Comprehensive Clinical Pharmacology Review
	6.3.1. General Pharmacology and Pharmacokinetic Characteristics 
	25 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	26 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	6.3.2. Clinical Pharmacology Questions 
	Are the sample reanalysis results of plasma testosterone levels acceptable? 
	Yes, the sample reanalysis results along with the supporting long-term stability data are acceptable. 
	Study GP/ C/ 05/ PRO for the 22.5 mg strength in 163 
	(ti)(4 
	patients) (Table 3). The primary efficacy endpoint was the achievement and maintenance of castration (plasma testosterone levels; 0.5 ng/ml) during the st udy; this endpoint is a surrogate marker for demonstrating the efficacy of gonadotropin releasing hormone agonists for the palliative treatment of advanced prostate cancer. To t hat end, meeting the primary endpoint is based on adequate analysis of plasma testosterone concentrations. 
	Table 3: LUTRATE DEPOT Clinical Trials with PK Data 
	{ti) ('ill 
	I 
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	Version date: February 1, 2016for initial rollout {NME/ original BLA reviews) 
	At the time of initial submission, 
	Study GP/C/05/PRO failed to meet the 
	Figure

	primary endpoint, and a Complete Response (CR) Letter was issued on 5/29/2015 (see section 
	 22.5 mg) failed to achieve and maintain castrate 
	testosterone levels in an acceptable percentage of patients. Specifically, less than 85% of the 
	patients achieved castrate testosterone levels in 
	Study GP/C/05/PRO 
	Figure

	(see section 1). .Of note, the clinical pharmacology information submitted in the original NDA to support the .
	approval of the 
	22.5 mg formulations was found to be acceptable (see Clinical 
	Figure

	Pharmacology Review by Dr. Pengfei Song, DARRTS Reference ID: 3734222). 
	Bioanalysis of Testosterone (Study GP/C/05 PRO) 
	Bioanalysis of Testosterone (Study GP/C/05 PRO) 

	Detection of Peaks Interfering with Testosterone Quantification 
	In response to the CR letter, the Applicant attributed the failure to meet the primary efficacy endpoint in Study GP/C/05/PRO to multiple issues, one of which is the LC/MS-MS bioanalytical method used to measure testosterone levels. Specifically, upon reanalysis of testosterone chromatograms, abnormal spikes were detected in some samples. 
	A report from an anti-doping laboratory confirmed that these interfering peaks shared the same mass transition with testosterone, and testosterone concentrations in some plasma samples could be overestimated because of this interference. A hallmark of this interference is a distorted relative retention time (RRT), which is typically less than the RRT observed with no interference. 
	Based on recommendations from the anti-doping laboratory, the Applicant proposed a modified analytical method that could selectively measure testosterone concentration and exclude the interfering peaks by monitoring testosterone at a different mass transition (refer to Section 17.4.1; Error! Reference source not found. and Error! Reference source not found. for detailed description of the modified bioanalytical method). (Figure 1) 
	28 
	Figure 1: Interfering Peak 
	Presence of an interfering peak in the original (old) bioanalytical method. The modified (new) 
	validated method can separate the interfering peak. 
	Sample Reanalysis (Study GP/C/05/PRO) 
	The sponsor selected 31 samples (based on lower RRT with the original method) for reanalysis with the modified method, 21 of which had the interfering peak and 10 were included as a control. The Agency clarified that reanalyzing a subset of the study samples might be biased and unacceptable. 
	The Agency recommended reanalyzing all plasma samples from study GP/C/05/PRO with the modified method and providing stability data to demonstrate that testosterone did not degrade during sample storage between the first analysis with the original method and the second reanalysis with modified method, period extending from 2013 to 2016. Based on the Agency’s recommendation, testosterone was reanalyzed for all samples from Study GP/C/05/PRO with the modified LC/MS-MS method (section 17.4.1). 
	To demonstrate the long-term stability of testosterone in plasma samples in the period between the first and second analyses, the Applicant provided ISR for 786 samples that had a typical RRT for testosterone (i.e., no interfering peaks). The objective of the ISR is demonstrate that testosterone concentrations determined with the modified method are similar to those determined with the original method and, hence, no degradation has taken place over the storage time (Figure 2). 
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	Figure 2: Results of Sample Re-analysis 
	ISR to demonstrate the long-term stability of testosterone in plasma samples at the time of initial analysis and after reanalysis with the modified method. Top panel: testosterone concentrations with new method are similar to the concentrations measured with the new method; samples randomly aligned around the identity line indicating no trend due to degradation. Bottom panel: >90% of samples fall within the 
	% acceptance criteria for ISR.
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	Of note, there were two aliquots (A and B) for each plasma sample: aliquot A was sent to the bioanalytical facility and aliquot B was sent to the Applicant. The original analysis was conducted with aliquot A. The reanalysis with the modified method was conducted with aliquot A, and aliquot B was only used for samples (n=245) that did not have enough volume of aliquot 
	A. Both aliquot A and aliquot B were stored under the same conditions (-20C). The sample traceability was found to be accurate for aliquot A and aliquot B (see section 17.4.2) and only 7 samples were found to have contradictory values for aliquot A and B. These samples were considered a failure by the Applicant in their reanalysis of efficacy results. 
	o

	Based on the reanalyzed testosterone samples, Study GP/C/05/PRO met the primary endpoint. Refer to section Error! Reference source not found. Study Results for detailed statistical analysis of the reanalyzed testosterone concentrations. 
	Is there sufficient clinical pharmacology information to support bridging to the reference product and the approval of the proposed product? 
	Yes, there is sufficient clinical pharmacology information to support the approval of the proposed product. 
	are sufficient to support approval without the need for bridging to clinical information of Lupron®, Lucrin®, or Procrin®. The latter two are the approved Lupron products in the European Union. 
	Formulation Development 
	PK Profile and Accumulation of the 22.5 mg Formulation 
	In study GP/C/05/PRO, the administration of the 22.5 mg formulation resulted in a rapid increase in leuprolide plasma concentrations; the peak was followed by a decline over the next several days, maintaining sustained drug levels after Day 28 until the following dose on Day 84. The leuprolide concentrations were coupled with decreased plasma testosterone concentrations below castration levels (Figure 3). 
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	XX. 
	Salaheldin S. Hamed, Ph.D. Pengfei Song, Ph.D. Primary Reviewer Team Leader 
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	7 Sources of Clinical Data and Review Strategy 
	7.1. Table of Clinical Studies 
	33 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	7.2. Review Strategy 
	Based on the study design and reported results , the reviewers examined 
	Figure

	the study protocols, statistical analysis plans, submitted datasets and study reports. The focus was on evaluating whether castration was achieved and maintained The reviewers conducted independent analyses based on the reported testosterone values from the central laboratory. Safety evaluation focused on signals that had been seen with other GnRH analogues and on any signals that appeared specific to Lutrate Depot. 
	8 Statistical and Clinical and Evaluation 
	8.1. Review of Relevant Individual Trials Used to Support Efficacy
	34 
	Study CRO-GP-C-05-PRO (3 Month Formulation) 
	Design of Study 
	This was an open-label, single-arm trial to study the effect of Lutrate Depot 22.5 mg every 84 days on testosterone levels. 
	Key Eligibility Criteria 
	Key Eligibility Criteria 

	1.. 
	1.. 
	1.. 
	Histologically proven carcinoma of the prostate 

	2.. 
	2.. 
	Might benefit from medical androgen deprivation therapy 

	3.. 
	3.. 
	Testosterone  150 ng/dL by local laboratory 
	>


	4.. 
	4.. 
	No androgen ablation within 12 mos or lasting > 6 mos; No use of androgen receptor inhibitors within 3 mos; No prior systemic prostate cancer treatment; No radiation therapy or surgery to prostate within 2 wks; No 5-α-reductase inhibitors within 3 mos; No over-the-counter therapies with an estrogenic or anti-androgenic effect within 3 mos 

	5.. 
	5.. 
	No evidence of spinal cord compression, severe urinary obstruction, severe pain from bone metastases, or brain metastases 

	6.. 
	6.. 
	Life expectancy at least 1 year; ECOG Performance Status score of 0-2 

	7.. 
	7.. 
	Creatinine ≤1.6 times the upper limit of normal (ULN); Grade 0-1 AST, ALT, and bilirubin 

	8.. 
	8.. 
	No uncontrolled diabetes; No uncontrolled heart failure; No myocardial infarction, coronary vascular procedure, or significant symptomatic cardiovascular disease within 6 mos of entry; No uncontrolled hypertension within 3 mos; 

	9.. 
	9.. 
	No venous thrombosis within 6 mos; No full dose anticoagulants 


	Lutrate Depot 22.5 mg intramuscularly every 84 days x 2 
	Treatment 

	Androgen receptor inhibitors and other GnRH analogues were prohibited. No anticoagulants that would affect PT/PTT. Anti-platelet agents were allowed. No mention of radiation therapy. 
	Concomitant Medications 

	Safety laboratories and EKGs were obtained at baseline and on Days 28, 84, 112 and at the end of treatment visit on Day 168. 
	Safety Monitoring 

	The injection site was assessed immediately after each injection. The site of the 1 injection on Day 0 was also assessed at 15 and 30 minutes and at 1 and 3 hours post-injection. The site of the 2 injection on Day 28 was assessed at 15 and 30 minutes and at 1-hour post-injection. Patients were also asked to record any local reactions at the injection site in a patient diary. 
	st
	nd

	Adverse events were collected throughout the treatment period. Investigators were to specifically ask patients about the development of hot flushes on Days 2, 14, 28, 56, 84,86, 112, and 168. 
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	Testosterone, FSH and LH were obtained on the following schedule. .
	Efficacy Assessments. 

	• 
	• 
	• 
	Pre-dose and 1 and 4 hours after the 1 dose on Day 0; Days 2, 14, 28, and 56. 
	st


	• 
	• 
	Pre-dose and 1 and 4 hours after the 2 dose on Day 84; Days 86, 112, and 168. 
	nd



	Samples were assayed at a central laboratory, 
	Testosterone was assessed using gas chromatography-mass spectroscopy with a lower limit of quantitation of 10 ng/dL. 
	Figure

	Prostate-specific antigen was assessed, by 
	at baseline and Days 14, 28, 56, 84, 112, and 168. 
	Figure

	Bone pain, urinary pain, and urinary symptoms were assessed at baseline and on Days 2, 14, 28, 56, 84, 86, 112, and 168. Patient were asked to rate these 3 items on a 10-point scale where 1 was no and 10 was the worst pain/symptoms possible. 
	Study Endpoints 
	Statistical Analysis Plan (SAP) 
	Per the final SAP, the primary efficacy endpoint was the proportion of successful patients over the total number of evaluable patients (i.e. N successes/N evaluable patients). For each patient, success was defined as castration (castrate testosterone defined as ≤ 50 ng/dL) at Days 28, 84, and 168. These are referred to as key time points. Patients with missing data at key time points were considered non-castrate at these time points. However, if the reason that the data was missing was unrelated to study dr
	Efficacy Measures 

	In the current 2018 NDA submission, the Applicant used data from re-analyzed testosterone levels and analyzed the primary efficacy endpoint using the Kaplan-Meier method. Success was defined as achievement and maintenance of castration: Patients who achieve testosterone concentration ≤ 50 ng/dL at Day 28 and maintained castrate testosterone values until Day 168. A patient was considered have had an event if: 1) Testosterone concentration above 50 ng/dL from Day 28 onwards, 2) Different testosterone results 
	In the current primary analysis, patients with a castrate testosterone level who withdrew were censored at the last time point with an available testosterone level. Patients who did not have a testosterone level drawn at a given time point and had a prior castrate value were considered castrate at the missing time point. Patients with a missing (not drawn) value and a non-castrate value after the missing time point are considered to have had an event at the missing time 
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	point. Patients with a castrate testosterone level and two subsequent consecutive missing (not drawn) values are censored at the last time point with a castrate testosterone level. Due to concerns about the use of re-analyzed samples, time points at which a sample was not available for re-analysis (i.e., the sample had been drawn, but insufficient sample remained for re­analysis) were considered non-castrate. Time points at which results were available from both Aliquots A and B were considered non-castrate
	Per the final SAP, the primary efficacy analysis population included patients who received at least one dose of study drug and had data at one or more key time points (Days 28, 84, 168). The FDA analysis included patients who received one dose of study drug and had a testosterone level at Day 28. Patients with missing data at Day 28 were considered non-castrate at that time point. 
	Analysis Sets 

	The null hypothesis was that the proportion of successful patients was 93%. With a sample size of 144 patients, the study would have 80% power to demonstrate that the proportion of successful patients exceeded 93% at a two-sided 5% significance level if the underlying proportion of successful patients was 98% based on an exact test. With a maximum dropout rate of 10%, the study planned to enroll 160 patients. 
	Sample Size Considerations 

	Secondary endpoints included: 1) testosterone concentration and pharmacodynamic parameters; 2) LH, FSH, and PSA levels; 3) performance status; and 4) bone pain, urinary pain, and urinary symptoms. 
	Protocol Amendments 
	None
	8.1.2. Study Results 
	Compliance with Good Clinical Practices 
	The Applicant has stated that studies 3 Month Formulations were conducted in 
	Figure

	accordance with the general principles of the International Conference on Harmonization E6. The quality of this submission was acceptable. However, the quality of the data presentation was not consistent with that of other Agency submissions. 
	Financial Disclosure 
	A FDA Form 3454 signed by Antonio Duena, Chairman of GP Pharm, S.A., was submitted 
	certifying that the Investigators involved in the studies 
	3 Month Formulations had 
	Figure

	no financial interests to disclose. 
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	Patient Disposition 
	Patients who discontinued prior to each of the dose and the reasons for discontinuation are included in the table below. 
	(6Jl.il 
	One dose of the 3 Month Formulation was administered to 163 patients and two doses to 157 patients with 151 patients completing follow up. Causes of discontinuation include use of radiation therapy (2), initiation of bicalutamide (1), and initiation of triptorelin (1). 
	Table 4: Patient Disposition 
	Protocol Violations/Deviations 
	The protocol deviation dataset for the 
	Review of other datasets 1 patient <DHt; with a low baseline testosterone, two who received brachytherapy lllJ<& and two who underwent 
	Figure

	40 
	transurethral resection of the prostate (TURP) 
	. While brachytherapy is not thought 
	Figure

	to affect testosterone levels, most studies have obtained testosterone levels 3 months after treatment. Therefore, the acute effect of brachytherapy on testosterone is unknown (Int J Radiation Oncology Biol Phys 2012 82:e33). 
	previously received a GnRH analogue. Review of the protocol deviation and other datasets found that in addition to those whose discontinuations are included in the Patient Disposition 
	The table below provides information on protocol violations among patients who received the 3 Month Formulation. These were reported in 131/163 (80%) patients. Two patients 
	above, 3 patients 
	who received external beam radiation. The Applicant 
	Figure

	provided a reference that stated that most patients have a decrease in testosterone with external beam radiation, but that the median time to decrease was 6.4 months (J Sex Med 2017 14:876). Pickles et al found that testosterone levels 2 months after external beam radiation were approximately 95% of baseline (J Urol 2002 167:2448). 
	Table 5: Protocol Deviations-3 Month Formulation 
	 required that patients have a testosterone level ≥ 150 ng/dL by local laboratory. 
	not drawn in patient 
	. Central laboratory testosterone levels from these 3 patients were 
	Figure

	all ≥ 150 ng/dL. However, four patients 
	had central laboratory 
	Figure

	testosterone levels below the required 150 ng/dL. None of these four patients had a testosterone level < 150 ng/dL by local laboratory. 
	Among the patients who received the 3 Month Formulation, 150/163 had a local laboratory testosterone level and none were < 150 ng/dL. Of the 13 patients with missing values, none had a central laboratory testosterone level < 150 ng/dL. Therefore, none of the patients were ineligible, but the substantial number of patients with missing baseline levels by local laboratory was of concern. 
	41 
	By central laboratory testing, five to seven patients who received the 3 Month Formulation had a baseline T level < 150 ng/dL. None of these patients had a local laboratory testosterone level < 150 ng/dL. Local laboratory, original central laboratory, and re-analyzed central laboratory results for these patients are shown in the table below. While central testing should be more accurate, there was substantial variation between the original and re-analyzed results, calling into question the statement that th
	Table 6: Low Baseline Testosterone Levels-3 Month Formulation 
	Re-analyzed 
	143 174 148 127 137 65 147 
	Table of Demographic Characteristics 
	The table below provides information on patient demographics from all treated patients and all patients included in the primary analyses of the two trials. Since the primary analyses assess testosterone levels after Day 28, the number of patients in the primary analyses is lower than the number treated. There were a substantial number of African-American patients and a substantial number of US patients were enrolled on these trials. 
	or greater than the upper limit of quantitation were considered to be 1080 ng/mL. 
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	Table 7: Patient Demographics and Baseline Disease Characteristics 
	Abbreviations: BMI-body mass index; For some values, data was not available for all patients; One testosterone level reported as 635 ng/mL was considered to be 635 ng/dL. 
	1
	2

	Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs) 
	Limited information was captured concerning the baseline disease characteristics. See information in table above. 
	Treatment Compliance, Concomitant Medications, and Rescue Medication Use 
	Injections were administered at the clinical sites and could be fully assessed. See Patient Disposition above concerning the number of patients who received each dose of study drug. 
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	Concomitant medications that may lower the testosterone level or are purported to have activity in prostate cancer were examined. 
	mong b received triptorelin after the 2nd dose, but prior to completion of follow up. This patient was censored in the primary analysis. Patient ltiJ<& received saw palmetto. 
	Figure
	the 163 patients who received the 3 Month Formulation, patient 
	1011

	Efficacy Results -Primary Endpoint 
	Both trials evaluated the percentage of patients who achieved and maintained castrate testosterone levels during the treatment period. The tables below provide information on the current analyses of the primary endpoint by the Agency and the Applicant. A discussion of the differences between these results, including the re-analysis of the testosterone samples from patients receiving the 3 Month Formulation, and the Applicant's rationale for the acceptability of these results follows. 
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	3 Month Formulation 
	3 Month Formulation 

	Based on the original analysis of the testosterone samples 
	The Applicant’s original analysis, as pre-specified in the statistical plan, involved only testosterone levels on Days 28, 84, and 168. The number of patients with castrate or missing levels at these times points was divided by the number of evaluable patients and the percentage calculated. This pre-specified method of analysis, using the original testosterone results, found that 98.1% (95% CI: 94.7, 99.6) of patients achieved castration. The Agency’s Kaplan-Meier analysis, which is a preferred method, usin
	Interference with Testosterone Measurement and Reanalysis 
	Interference with Testosterone Measurement and Reanalysis 

	Following the original NDA submission and receipt of the complete response letter, the Applicant investigated the curves that were used to obtain the testosterone levels and noted an interfering peak in some assays. See figure below for a representative example. Interfering peaks were noted in 25 patients at 31 time points. Most patients had an interfering peak at a single time point, but several had interfering peaks at 1-2 time points. The substance causing this peak is unknown and it is difficult to unde
	46 
	Figure 4: Interfering Testosterone Peak 
	After noting the presence of this interfering peak, the Applicant had all the samples re-analyzed using a different method. Two of the issues involved with the re-analysis were the prolonged storage of the samples and the availability of these samples. This study was conducted from 2011 to 2013. These samples had been stored for several years and degradation of the testosterone was a concern. However, an overall comparison of the results of original and re­analyzed samples found that 703 re-analyzed samples
	During the study, samples were split into Aliquots A and B. 
	ran the original testosterone assay on Aliquot A and stored the remainder of the sample. Aliquot B was shipped to the Applicant. Both aliquots were stored at -20 C. For the re-analysis, Aliquot A was used in most instances. Aliquot B was used when insufficient material was available from Aliquot A and Aliquot B was used. An overall comparison of the results of analyses of Aliquots A and B found that among 703 samples in which the re-analyzed value was higher, 88/703 (12.5%) were Aliquot B. Among the 586 sam
	Figure
	0

	Note in this scenario, if results were available from both Aliquots A and B for a given time point and either value was non-castrate, the patient was considered non-castrate at that time point. 
	Based on re-analyzed testosterone samples 
	47 
	With the results of the re-analyzed samples, the Applicant and the Agency generated the following results for the primary analysis using the Kaplan-Meier method. Because this analysis involved re-analyzed samples, there were time points at which no sample was available. In the primary analysis, patients were considered non-castrate if no sample was available for re­analysis. A sensitivity analysis was conducted to address this issue (see below). A small number of patients had results from both Aliquot A and
	Table 9: Primary Analysis: 3 Month Formulation 
	*Lower limit of quantitation is 10 ng/dL. 
	There were 163 treated patients. The Applicant did not include patients 
	in their analysis stating that patient was excluded due to a lack of response to queries from the site 
	Figure
	Figure

	and patient 
	withdrew at Day 3. Patient 
	Figure

	L
	LI
	Figure
	had available T levels until Day 56 (castrate after Day 28) and but withdrew on Day 84 due to a protocol violation, initiation of radiation therapy after Day 28. Patient 

	LI
	Figure
	Figure
	was included in the FDA analysis and censored at Day 28. Patient 


	was not included in the FDA analysis. 
	The Agency considers nine patients to have had non-castrate time points between Days 28 and 
	168. The table and the bullets below provide information of these non-castrate time points. 
	• Day 28: 
	o Patient 
	o Patient 
	o Patient 


	had a non-castrate T level. 
	o Patient did not have a sample from Day 28 and his Day 14 sample was non-
	o Patient did not have a sample from Day 28 and his Day 14 sample was non-
	Figure


	castrate. 
	• 
	• 
	• 
	• 
	Mid-cycle: Day 56 

	o Patients had non-castrate levels at Day 56. 
	o Patients had non-castrate levels at Day 56. 
	o Patients had non-castrate levels at Day 56. 
	Figure


	o Patient had an insufficient sample for re-analysis at Day 56. 
	o Patient had an insufficient sample for re-analysis at Day 56. 

	o Patient had a non-castrate level at Day 128; this was the final visit sample. 
	o Patient had a non-castrate level at Day 128; this was the final visit sample. 



	• 
	• 
	• 
	End of Dosing Interval: Day 84 pre-dose, Day 168 

	o Patient had a non-castrate level at Day 168. 
	o Patient had a non-castrate level at Day 168. 
	o Patient had a non-castrate level at Day 168. 
	Figure


	o Patient 
	o Patient 
	o Patient 

	had an insufficient sample for re-analysis at Day 84. 

	o Patient 
	o Patient 




	was withdrawn from the study and was censored at Day 56. 
	• Acute-on-Chronic: Day 84 1 and 4 hrs post-dose, Day 86 
	o Patients 
	had non-castrate levels. 
	Figure
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	o Patients 
	had insufficient samples for re-analysis; note that Patient 
	Figure

	had 
	Figure

	a non-castrate level at Day 168. 
	Based on the both the re-analysis and original analysis of the testosterone samples. 
	Comparison of re-analyzed/original testosterone levels with interfering peaks found that interfering peaks occurred at 31 time points. These were not clustered by patient number or time point. There were no concomitant medications that could explain the interfering peaks. 
	The table below provides  non-castrate testosterone levels on re-analysis. The 9 time points with an interfering peak in the original analysis and a re-analyzed sample with a non-castrate T level are shaded in grey. Note that this table does not show the 22 time points at which the re­analyzed sample was castrate. At seven of the nine time points, the re-analyzed sample was non-castrate. The remaining two were considered non-castrate due to an inadequate sample for re-analysis. Importantly, among the seven,
	all

	Table 10: Non-castrate Testosterone Level on Re-analysis 
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	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	* First non-castrate value 
	Since patients with an insufficient sample for re-analysis were considered non-castrate in the primary analysis, a sensitivity analysis was conducted to address this issue. 
	• 
	• 
	• 
	• 
	Patient 

	: In the primary analysis, he was non-castrate at Day 84 due to an insufficient sample for re-analysis. In this sensitivity analysis, he was considered castrate at Day 84. However, he was non-castrate at Day 168 based on re-analyzed testosterone level. 
	Figure


	• 
	• 
	• 
	Patient 

	In the primary analysis, he was non-castrate at Day 84 due to an insufficient sample for re-analysis. In this sensitivity analysis, he was non-castrate at Day 84 since the original testosterone level was > 50 ng/dL. 
	Figure


	• 
	• 
	• 
	Patient 

	: In the primary analysis, he was non-castrate at Day 84 due to an insufficient sample. In this sensitivity analysis, he was considered castrate at all time points. 
	Figure


	• 
	• 
	Patient 


	: In the primary analysis, he was non-castrate at Day 56 due to an insufficient sample. In this sensitivity analysis, he was non-castrate at Day 56 since the original testosterone level was > 50 ng/dL. 
	Figure

	In this sensitivity analysis, castrate levels of serum testosterone were achieved and 
	maintained from Day 28 to 168 in 94.9% (95% CI: 90.1, 97.4) of patients. The results are 
	consistent with the Agency’s primary findings. 
	A second sensitivity analysis censored patients 154 and 190 prior to administration of radiation therapy. The result of this analysis was that 94.3% of patients achieved and maintained castrate testosterone levels from Days 28-168. 
	Data Quality and Integrity 
	The organization and presentation of data in this submission in not consistent with other Agency submissions. However, the data could be analyzed. More importantly, inspections of both clinical sites and the testosterone analysis facility were considered adequate. 
	Efficacy Results – Secondary and other relevant endpoints 
	Both studies included LH, FSH, and PSA as secondary endpoints. Luteinizing hormone and FSH levels were not analyzed. Findings from evaluation of these laboratories does not add to the results of the analyses of testosterone. Further, there are no accepted normal range for LH and FSH, no agreed upon values for elevation following administration of a GnRH agonist, and no agreed upon values for suppression following down regulation. 
	The study of the 3 Month Formulation also included an analysis of ECOG performance status and testosterone levels over time. Testosterone levels over time were evaluated for both trials. 
	Testosterone Levels 
	50 
	The following tables shows the mean and median testosterone levels over time. As with other GnRH agonists, there is an initial surge followed by the development of castrate levels. Note that mean values are insensitive to the number of non-castrate testosterone levels. In this analysis, values of 0 or < LLOQ were assigned the LLOQ. 
	Table 12: Mean and Median Re-analyzed Testosterone Level Over Time-3 Month Formulation 
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	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	• 
	• 
	• 
	The LLOQ was 10 ng/dL. 

	• 
	• 
	Patient 46 had an early termination visit at Day 128. This T value was included in the Day 168 visit. 


	Prostate Specific Antigen 
	Increases in PSA during the initial 28 days and changes in PSA in patients with non-castrate 
	increase in PSA from Day 0 to 28. These increases ranged from 0.03 to 17.6 ng/mL. 
	available PSA levels, three had an elevation in PSA following the non-castrate testosterone level. These increases ranged from 0.07 to 6.3 ng/mL. Among the 6 patients with non-castrate testosterone levels who received the 3 Month Formulation, all had a decrease in PSA at time points after the non-castrate level. While it is encouraging that few or no patients had an increase in PSA, changes in PSA do not always reflect changes in the tumor. 
	The table below provides information of PSA levels over time. The low baseline PSAs reflects the large number of patients with localized disease. Both formulations resulted in a marked decrease in PSA over the treatment period. 
	52 
	Table 14: Mean and Median PSA Level Over Time-3 Month Formulation 
	• 
	• 
	• 
	Values reported as < the LLOQ were assigned the LLOQ, 0.36 ng/mL. 

	• 
	• 
	Values reported as > 1080 or > the upper limit of quantitation were assigned 1080 ng/mL. 

	• 
	• 
	Patient 46 had an early termination visit at Day 128. This PSA value was included in Day 168 visit. 


	Durability of Response 
	The effect of GnRH analogues, as determined by a decrease in testosterone, can persist after discontinuation. The duration of low testosterone levels following discontinuation is largely dependent on patient age (J Urol 2008 180:1432). Early in the disease course, patients are sometimes given “drug holidays” with resumed dosing triggered by changes in PSA. The effect of “drug holidays” on patient outcome continues to be debated (NEJM 2013 368:1314). In most patients, GnRH analogues are given continually and
	Efficacy Results – Secondary or exploratory COA (PRO) endpoints 
	None 
	Additional Analyses Conducted on the Individual Trial 
	See above. 
	Integrated Review of Effectiveness 
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	8.1.3. Assessment of Efficacy Across Trials 
	Figure

	Primary Endpoints 
	The 3 Month Formulation of Lutrate Depot achieved and maintained castrate testosterone levels in 94.3% (95% CI: 89.4, 97.0) of patients. The lower bound is only 0.6% less than the required 90%. Further, one patient in this analysis was considered non-castrate due an insufficient sample for re-analysis, but had an original testosterone level < 50 ng/dL. The lower bound for the confidence interval of the sensitivity analysis in which this patient is considered castrate is > 90%. A larger sample size in all th
	Secondary and Other Endpoints 
	3 Month Formulations resulted in a decrease in PSA. 
	Subpopulations 
	Subgroup analyses were not included in the statistical plan. The effect of age, race, and region on the development of castrate testosterone levels was examined as an exploratory analysis. Only values from Day 28 to 168 were examined. Note that the analysis of patients who received the 3 Month Formulation does not include patients who were considered non-castrate due to an insufficient sample for re-analysis. 
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	Table 15: Exploratory Subgroup Analysis 
	1 patient was age 91 
	1

	Additional Efficacy Considerations 
	None
	8.1.4. Integrated Assessment of Effectiveness 
	8.2. Review of Safety
	8.2.1. Safety Review Approach 
	and concomitant medications. The patient diary was to be reconciled with the case report forms by the site. 
	Month Formulation. That is, the last visit did not occur 30 days after the physiologic effect of these sustained release formulations were no longer present. 
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	8.2.2. Review of the Safety Database 
	Overall Exposure 
	See patient disposition above concerning the number of doses of the 
	3 Month Formulation administered. 
	Figure

	Adequacy of the safety database 
	The number of patients exposed to the 
	3 Month Formulations is relatively small 
	Figure

	given the number of patients with advanced prostate cancer. 
	8.2.3. Adequacy of Applicant’s Clinical Safety Assessments 
	Issues Regarding Data Integrity and Submission Quality 
	Categorization of Adverse Events 
	table. For the AE tables, the preferred terms in the dataset were used. 
	56 
	Table 16: Inaccurate Mapping ofAdverse Events 
	reported and graded using CTCAE v3 from the time of study initiation. Routine Clinical Tests 
	With the 3 Month Formulation, safety laboratories were obtained at 
	baseline and Days 28, 84, 112, and 168. Laboratories were graded as high, low, or normal. 
	The Applicant was asked to grade the laboratories using CTCAE v. 3 (since this was used for the AEs with the 3 Month Formulation). However, the normal ranges recorded for some of the laboratories appear to be incorrect. 
	8.2.4. Safety Results 
	Deaths 
	(b)l.il 
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	3 Month Formulation: There were no deaths. 
	Serious Adverse Events 
	The table below provides information on Grade 1-4 serious adverse events (SAEs) that occurred 
	diabetic ketoacidosis. The patient had a history of diabetes, but was on no medications at entry. 
	Table 17: Serious Adverse Events 
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	This is grouped with Injury, Poisoning, and Procedural Complications 
	1

	•. One patient who received the 3 Month Formulation was reported to have a bladder neck tumor. This was coded to the SAE benign bladder tumor. However, review of the narrative found that this patient did have malignant disease. It appears that obstruction was due to prostate cancer. 
	Grade 3-4 Adverse Events 
	There was one Grade 4 event among patients who received the 3 Month Formulation, diabetic ketoacidosis. 
	Dropouts and/or Discontinuations Due to Adverse Effects 
	Patients cannot discontinue prolonged release formulations in the typical sense of stopping oral or intravenous administration of study drug. However, patients can choose not to receive 
	With the 3 Month Formulation, no patients were reported to have discontinued due to an AE. However, 1 patient who discontinued due to Patient/Investigator Decision reported hot flushes. 
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	Significant Adverse Events Local Reaction
	severe injection site reactions persisted for one day with one reaction persisting for 13 days. 
	Table 18: Local Reactions 
	Stinging at the site of injection; Hardening of the muscle at the site of injection 
	1
	2

	Hot Flush/Hyperhidrosis 
	reported AEs with GnRH analogues, but there are substantial differences in incidence between studies using the same dose and schedule. This suggests differences in study conduct. 
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	Table 19: Hot Flush and Hyperhidrosis 
	Includes cold sweats, night sweats 
	1

	Adverse Events Related to Breast or Testicles 
	There were few reports of breast pain or enlargement; 
	with the 3 Month Formulation. Additionally, there were few reports of testicular pain or 
	4 reports with the 3 Month Formulation. 
	Fatigue 
	Fatigue/asthenia/malaise was reported in 
	of patients who received the 3 Month Formulation. 
	Cardiac Adverse Events 
	Cardiac adverse events were closely examined and GnRH analogues contain a Warning concerning Cardiovascular Disease. From the short-term small single arm studies used to obtain the approval of GnRH analogues, no conclusions can be drawn concerning an increase or decrease in cardiac events. Population-based studies have suggested an increase in ischemic disease with GnRH analogues. 
	Gonadotropin-releasing hormone analogues also contain a Warning concerning QT prolongation since a slight increase in the QT interval is seen with androgen deprivation. Among the patients who received the 3 Month Formulation, there was one report of Grade 1 ventricular arrhythmia in a patient with a history of coronary disease and a normal potassium on the day of the event. 
	The table below provides all Cardiac Disorders and cardiac-related disorders listed under Investigations. It also provides information on the General Disorders of chest pain or discomfort. The footnote below the table provides the AE terms and the table itself, the preferred term. 
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	Table 20: Cardiac Disorders 
	Chest heaviness, tightness in chest;Tightness in chest. Atypical chest pain (N=1), Chest pain(s) (4), left sided chest pain (1), retrosternal pain (1), thorax pain (1). 
	1
	 2
	3

	•. Some of the reports of the General Disorder, chest pain/discomfort appear to be cardiac in origin. 
	Diabetes Mellitus/Hyperglycemia
	Treatment Emergent Adverse Events and Adverse Reactions 
	62 
	Table 21: Treatment Emergent Grade 1-4 Adverse Events in > 5% of Patients in Either Trial 
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	Includes influenza, influenza-like illness, nasal congestion, nasopharyngitis, rhinitis, rhinorrhea, upper respiratory tract congestion Includes cold sweats, night sweats 
	1
	2

	•. The AE dataset for the 3 Month Formulation contained two AEs (hot flush) with uncertain start dates that were considered treatment related. Again, these are included in the table. 
	Given the large number of adverse event that were considered unrelated as well as the precedent set with the approval of the Lupron Depot 6 Month Formulation, both treatment emergent and treatment related AEs will be included in the package insert. Relatedness was recorded as definite/certain, probably/likely, possible, unlikely/none, and not related. Adverse events reported to be definite, probably, or possible were considered related. These are shown in the table below. Note that the relationship between 
	64 
	Table 22: Grade 1-4 Treatment-emergent and Treatment-related AEs in ≥ 5% of Patients-3 Month Formulation 
	Includes influenza, influenza-like illness, nasal congestion, nasopharyngitis, rhinorrhea, upper respiratory tract .congestion.. Includes cold sweat, flushing, hot flush, hyperhidrosis, and night sweats.. 
	1
	2
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	Laboratory Findings 
	Days 28, 84, 112, and at the final visit. The Applicant did not provide CTCAE grading 
	. Since CTCAE v3 was used to grade the AEs in the study of the 3 Month Formulation, the 
	Applicant was asked to grade laboratories 
	using CTCAE v3. Laboratories with 
	Figure

	no normal range were removed, but laboratories with no units were included in the FDA analyses. Laboratories that increased at least 1 grade from baseline were included in the table below. 
	The CTCAE v 3 lists Grade 4 WBC values as < 1.0 x 10/L. However, in examining these 85 laboratory values, the results ranged from 3.4-14.2 x 10/L, suggesting that the normal range was recorded incorrectly. This also occurred with some of the normal ranges for lymphocytes and neutrophils. Hematology laboratories with an apparently incorrect normal range and values that would typically be within or near the normal range were considered normal (Grade 0). The CTCAE grading provides values for Grade 2-4 hematolo
	9
	9

	There were several concerns about the normal ranges provided. 
	Examining the laboratory values, a substantial percentage of patients on both studies developed anemia, generally Grade 1. Anemia is a common adverse event associated with GnRH analogues. In addition, a substantial percentage of patients on both studies developed hyperglycemia, increased cholesterol, and increased triglycerides. Metabolic syndrome is a concern with decreased testosterone. In the absence of a controlled trial, it is difficult to determine the extent to which this is due to androgen deprivati
	Table 23: Grade 1-4 Laboratory Abnormalities 
	66 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	N = 158 for platelets, 140 for glucose, 157 for calcium 
	1

	Vital Signs 
	The on-study vital signs are consistent with an elderly population with substantial co-morbid 
	Electrocardiograms (ECGs) 
	slight prolongation in the QT interval and GnRH analogues typically contain a Warning concerning QT prolongation. 
	67 
	the study period. Eight of the nine patients did not have a baseline value > 500 msec. 
	QT 
	See above. 
	Immunogenicity 
	Not applicable.
	8.2.5. Analysis of Submission-Specific Safety Issues 
	The AEs that occurred during both trials are consistent with the AE profile of other GnRH agonists and no new safety signals were identified. Adverse events seen during the trials of the 
	3 Month Formulations of Lutrate Depot that have been associated with other GnRH analogues including tumor flare, hyperglycemia/diabetes, cardiovascular disease, and QT prolongation. Seizures were not seen. Hot flushes and injection site reactions were also reported. A small number of patients experienced an increase in muscle or bone pain during the first 28 days, but most patients had localized disease. Urinary retention was seen.
	Figure

	8.2.6. Clinical Outcome Assessment (COA) Analyses Informing .Safety/Tolerability. 
	Patients who received the 
	3 Month Formulations were asked to complete a Bone Pain, Urinary Pain, and Urinary Symptoms questionnaire. These assessments asked them to rate, on a scale of 1 to 10 where 1 is no pain/symptoms and 10 is worst pain/symptoms, their symptoms. In all the tables below, the pain/symptom score is shown in the column on the left and the number of patients with that pain score is shown at various time points during the study period. 
	Figure

	their 2 dose of study drug on Day 84, but only 54 patients completed the questionnaire on Day 84. The questionnaires for the 3 Month Formulation are, therefore, uninterpretable due to a substantial amount of missing data. 
	Most of the patients who received the 3 Month Formulation did so. For example, 157 patients received 
	nd

	Bone Pain 
	event. Two patients had a baseline bone pain score > 5. One of these patients had an initial increase and then a decrease to 2 by Day 4. However, the pain score increased again at Day 56 
	68 
	and subsequently decreased to 1-2. The other patient had pain scores of 5-8 throughout the treatment period. 
	Among the patients who received the 3 Month Formulation, all patients reported a pain score of 1 on Days 2 and 14. This may be due to the presence of localized rather than metastatic disease in the majority of patients. Throughout the treatment period, four patients reported a bone pain score > 5. Two of the four reported related AEs. Examining pain scores over time, in the six patients with a pain score > 1 at baseline, five patients had subsequent scores of 1. The remaining patient had a decrease in pain 
	Table 25: Bone Pain-3 Month Formulation 
	69 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	Urinary Pain 
	Among the patients who received the 3 Month Formulation, there was one patients who reported a urinary pain score > 5 during the treatment period. This patient had a baseline value of 1 that rose to 10 on Day 2 and was reported as 1 from Day 28 onward. This patient reported urinary tract and pelvic pain and may have been an example of tumor flare. One patient reported a score of 2 at baseline and had subsequent scores of 1. 
	Table 27: Urinary Pain-3 Month Formulation 
	70 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 

	Urinary Symptoms 
	Urinary Symptoms 
	Among the patients who received the 3 Month Formulation, six had a urinary symptom score > 5 at some point during the treatment period. Two of these patients reported related AEs. Among the three patients with a urinary symptom score > 5 at baseline, one patient improved to a score of 1 and later again increased to 6, one improved to a score of 1, and the third had only 1 additional score recorded (also 7). Again, it is difficult to determine if urinary symptoms are related to the prostate cancer itself. 
	71 
	Table 29: Urinary Symptoms-3 Month Formulation 
	8.2.7. Safety Analyses by Demographic Subgroups 
	Race 
	The majority of patients were White. Here, race is broken down by White/Other. Grade 1-4 AEs were less likely to be reported by Whites with some increase in reports of hot flush among patients whose race was categorized as Other. 
	Table 30: Grade 1-4 Adverse Events in > 10% of Patients by Race 
	Age 
	Unlike most trials intended for approval, prostate cancer trials enroll an older population with few patients less than age 65. The difference in the incidence of Grade 1-4 AEs was small and the incidences of AEs such as fatigue or hot flushes were similar by age. Younger patients would 
	72 
	be expected to report a higher incidence of hot flush. 
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	Table 31: Grade 1-4 Adverse Events in > 10% of Patients by Age 
	8.2.8. Specific Safety Studies/Clinical Trials 
	None
	8.2.9. Additional Safety Explorations 
	Human Carcinogenicity or Tumor Development 
	Carcinogenicity studies were not conducted by GP Pharm, but the 505(b)(2) refers to carcinogenicity studies with leuprolide acetate conducted by other Applicants. Carcinogenicity studies in rats with leuprolide acetate found pituitary hyperplasia, pituitary adenomas, pancreatic islet cell adenomas, and testicular interstitial cell adenomas. Carcinogenicity studies in mice found no leuprolide acetate-induced tumors. The doses of leuprolide acetate used in these animal carcinogenicity studies was higher than 
	Human Reproduction and Pregnancy 
	Again, these studies were conducted by other Applicants and referred to in the 505(b)(2). In rats, leuprolide acetate resulted in resulted in atrophy of the reproductive organs and suppression of reproductive function. These doses were lower than those used in humans. Changes in the reproductive organs were reversible after discontinuation of leuprolide. 
	Given leuprolide acetate, pregnant rabbits had an increase in major fetal abnormalities while pregnant rats had an increase in fetal mortality. Both studies used a dose of leuprolide acetate lower than that administered to humans.
	 To encourage exploration of the use anti-cancer agents in female patients, a decision has been made to no longer contraindicate GnRH analogues in pregnancy. Lutrate Depot will not, therefore, be contraindicated in pregnancy. 
	Pediatrics and Assessment of Effects on Growth 
	Not applicable 
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	Lutrate Depot is only indicated in the palliative treatment of advanced prostate cancer. Prostate cancer is rarely or never seen in children. 
	Overdose, Drug Abuse Potential, Withdrawal, and Rebound 
	Not applicable Following discontinuation of Lutrate Depot or other GnRH agonists, males often have a prolonged period of testosterone suppression followed by normalization. The duration of testosterone suppression appears to be age dependent.
	8.2.10. Safety in the Postmarket Setting 
	Safety Concerns Identified Through Postmarket Experience 
	Pituitary apoplexy and decreased bone density have been noted in the postmarketing setting with GnRH agonists and these adverse reactions will be included in the Lutrate Depot package insert. 
	Identified safety concerns listed in the PSUR include hypersensitivity reactions, testicular atrophy, gynecomastia, depression, suicide, hepatic dysfunction, sexual dysfunction, decreased libido, impotence, and pneumonitis/ILD. 
	With Lutrate Depot, anaphylaxis and pituitary apoplexy have been seen in the postmarketing setting. 
	Expectations on Safety in the Postmarket Setting 
	the 3 Month Formulation since 2015. Further, GnRH agonists have been marketed since the 1980s. Compared to other anti-cancer agents, GnRH agonists are well tolerated. It is unlikely that new postmarketing events will be identified. However, PSURs will be followed for the development of rare events. 
	75 
	8.2.11. Integrated Assessment ofSafety 
	SUMMARY AND CONCLUSIONS 
	8.3. Statistical Issues 
	The statistical analysis plan for evaluating the primary endpoint was based on an exact two­sided binomial test. The percentage of patients who achieved and maintained castrate testosterone levels at Applicant pre-specified key time points was estimated with the exact method. This method could be affected by the amount of missing data at the key time points, since patients would be considered "successful" in achieving or maintaining castration if the missing data was assessed as unrelated to study drug. Thi
	8.4. Conclusions and Recommendations 
	76 
	•. Lutrate Depot 22.5 mg (3 Month Formulation) 
	o. Lutrate Depot 22.5 mg achieved and maintained castrate (≤ 50 ng/dL) testosterone levels in 94.3% (95% CI: 89.4, 97.0) of patients. 
	o. Lutrate Depot 22.5 mg achieved and maintained castrate (≤ 50 ng/dL) testosterone levels in 94.3% (95% CI: 89.4, 97.0) of patients. 
	o. Lutrate Depot 22.5 mg achieved and maintained castrate (≤ 50 ng/dL) testosterone levels in 94.3% (95% CI: 89.4, 97.0) of patients. 
	o. Lutrate Depot 22.5 mg achieved and maintained castrate (≤ 50 ng/dL) testosterone levels in 94.3% (95% CI: 89.4, 97.0) of patients. 

	The lower bound of the 95% confidence interval, 89.4%, is slightly below the Agency standard of a lower bound of ≥ 90%. Note that one patient in this analysis was considered non-castrate due an insufficient sample for re-analysis, but that the remaining testosterone levels were ≤ 50 ng/dL. In a sensitivity analysis in which this patient was considered to have a castrate testosterone level, the lower bound of the 95% confidence interval was > 90%. A larger sample size in all the trials of GnRH analogues woul
	.


	o. The safety profile of Lutrate Depot 22.5 mg is consistent with other GnRH agonists. 
	o. The safety profile of Lutrate Depot 22.5 mg is consistent with other GnRH agonists. 
	o. The safety profile of Lutrate Depot 22.5 mg is consistent with other GnRH agonists. 

	.
	.
	.
	.

	There were no deaths during the study period. 

	.
	.
	.

	One patient discontinued due to intolerable hot flushes. 

	.
	.
	.

	Serious adverse events occurred in 7% and Grade 3-4 events in 13% of patients. 

	.
	.
	.

	Grade 1-4 adverse events in > 10% of patients included: hot flushes, upper respiratory infection, fatigue, diarrhea, pollakiuria, arthralgia, and injection site pain. 

	.
	.
	.

	Grade 1-4 laboratory abnormalities in > 20% of patients included: anemia, increased triglyceride, hyperglycemia, and increased cholesterol. 



	o. A Postmarketing Requirement to fully test syringe performance for the combination product, mannitol diluent in syringe will be issued. A Postmarketing Commitment concerning the development of an improved method for in vitro drug release testing has also been agreed to. 
	o. A Postmarketing Requirement to fully test syringe performance for the combination product, mannitol diluent in syringe will be issued. A Postmarketing Commitment concerning the development of an improved method for in vitro drug release testing has also been agreed to. 

	o. Approval is recommended. 
	o. Approval is recommended. 
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	XX 
	Hui Zhang Shenghui Tang, PhD Primary Statistical Reviewer Statistical Team Leader 
	XX 
	Virginia Ellen Maher, M.D. Virginia Ellen Maher, M.D. Primary Clinical Reviewer Clinical Team Leader 
	9 Advisory Committee Meeting and Other External Consultations 
	There are several approved GnRH agonists and an Advisory Committee meeting was not needed. 
	10Pediatrics 
	Since prostate cancer is not seen in pediatric patients, a pediatric waiver was requested and granted. 
	11 Labeling Recommendations 
	11.1. Prescription Drug Labeling 
	78 
	and Clinical and Statistical Evaluation). For complete details, see the final approved prescribing information {USPI) accompanying the NDA 205054 FDA approval letter. 
	Summary of Significant Labeling Changes .Section .
	Proposed Labeling 
	Proposed Labeling 
	Approved Labeling 

	(As ofAugust 3, 2018) 
	Highlights of Labeling 
	See the corresponding revisions in the Full Prescribing Information. 
	Full Prescribing Information (FPI) 
	...
	1. .Indications and 
	FDA removedr (b)(4~ Usage 
	(b) 4 
	2. .Dosage and .Administration .
	... 
	3. .Dosage Forms 
	... 
	FDA revised to provide the dosage form (For and Strengths 
	Injection) and additional identifying characteristics reauired for LUTRATE DEPOT. 
	(6Jl4 
	4. .Contraindications 
	79 
	5. Warnings and 
	5. Warnings and 
	5.6 Laboratory Tests 

	FDA removed passive language that was Precautions 
	… 
	… 
	inconsistent with the advice in this section regarding required laboratory monitoring. 

	5. Warnings and 
	5. Warnings and 
	5.7 Embryo-Fetal 

	FDA added the following:. Precautions. 
	Toxicity (added by 
	“5.7 Embryo-Fetal Toxicity FDA) 
	Based on findings in animal studies, LUTRATE DEPOT may cause fetal harm when administered to a pregnant woman. In animal developmental and reproductive toxicology studies, administration of the monthly formulation of leuprolide acetate on day 6 of pregnancy (sustained exposure was expected throughout the period of organogenesis) caused adverse embryo-fetal toxicity in animals at doses less than the human dose, based on body surface area, using an estimated daily dose. Advise pregnant patients and females of
	6. Adverse … FDA added the cross reference to adverse Reactions 
	reactions (ARs) discussed in more detail in the Warnings and Precautions sections of the labeling. 
	6. Adverse 
	6. Adverse 
	6.1 Clinical Trials 

	FDA revised the clinical trial description for Reactions 
	Experience 
	LUTRATE DEPOT 22.5 mg to add the duration … 
	of treatment (24 weeks), number of patients treated, and incidence of Grade 3-4 ARs. 
	The AR table (Table 2) was revised to include 
	80 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	8. Use in Specific 
	8.1 Pregnancy 
	Populations 
	… 
	FDA revised this section to add that the fetal harm risk with LUTRATE DEPOT was based on findings from animal studies and the mechanism of action. 
	8. Use in Specific 
	8.2 Lactation 
	Figure

	Populations 
	FDA revised this section to inform HCPs that 
	the safety and efficacy of LUTRATE DEPOT has not been established in women and there is no information regarding the presence of LUTRATE DEPOT in human milk, the effects on the breastfed child, or the effects on milk production. 
	8. Use in Specific 
	8. Use in Specific 
	8. Use in Specific 
	8.3 Females and 

	FDA added this subsection and the following to 

	81 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	82 
	15. References Added “OSHA Hazardous Drugs. OSHA. 
	.html”. 
	http://www.osha.gov/SLTC/hazardousdrugs/index 


	17. Patient … FDA revised this section to be consistent with Counseling 
	the FDA Guidance for Patient Counseling Information 
	Information (e.g., reformatted with counseling .topics, cross references, and language directed .to HCPs. .FDA added information related to tumor flare, .hyperglycemia, cardiovascular disease, .infertility, and continuation of LUTRATE DEPOT .with additional medications for prostate .cancer as a counseling topics to this section.. 
	12 Risk Evaluation and Mitigation Strategies (REMS). 
	There is substantial safety information concerning this product and concerning GnRH agonists. A REMS is not planned. 
	13 Postmarketing Requirements and Commitment 
	Postmarketing Requirement 
	The Applicant has not provided an adequate assessment of the performance characteristics of the pre-filled syringe containing mannitol (diluent). Syringe performance is a concern because one patient on the trial did not receive a full dose of study drug and because there have been reports of difficulties with administration with other products. The Applicant will, therefore, fulfill the following Postmarketing Requirement. 
	Assess the break loose and glide force necessary for the safe administration of Lutrate Depot 22.5 mg with syringes that are at the beginning and end of their shelf life, and submit a final study report. Develop a standing protocol to control the essential performance characteristics and regular testing of the break loose and glide force, and dose accuracy for the combination product, pre-filled syringe containing 2 mL mannitol for injection. 
	Final Report Submission: 02/2019 
	Postmarketing Commitment 
	83 
	The Applicant’s method of in vitro drug release testing is acceptable on an interim basis. However, the Applicant has agreed to develop an improved method of in vitro drug release testing. The Postmarketing Commitment will read as follows: 
	Development and validation of an accelerated in vitro drug release method and setting of the drug release acceptance criteria for Lutrate Depot (leuprolide acetate) 22.5 mg product. 
	Interim Report: 02/2019. Final Report: 08/2019. Other (submit as PAS): 08/2019. 
	The Applicant was asked to submit a meeting request at the time of submission of the interim report so that the findings can be discussed. 
	84 
	14 Division Director (OCP) 
	X. 
	Atiq Nam Rahman, PhD Division Director, OCP 
	15 Associate Division Director (OB) 
	X. 
	Jason Schroeder, PhD Associate Director, DBV 
	16 Deputy Division Director (Clinical) 
	X. 
	Amna Ibrahim, MD Deputy Division Director, DOP1 
	85 
	17 Appendices 
	17.1. References 
	Reference are included within the text.
	17.2. Financial Disclosure 
	86 
	Covered Clinical Study: GP/C/05/PRO-3 Month Formulation 
	17.3. Nonclinical Pharmacology/Toxicology 
	Not applicable 
	87 
	17.4. .OCP Appendices (Technical documents supporting OCP recommendations) 
	17.4.1. Bioanalytical Methods 
	LEUPROLIDE 
	Study GP/C/05/ PRO (22.5 mg) 
	Leuprolide plasma concentrations were measured in patients using a validated enzyme immunoassay (EIA) technique. Blood was collected in 10 ml PET tubes containing 25 µM PPACK, 4.5 mM EDTA and 500 KIU/ml aprotinin, and then centrifuged (1600 x g at 4°C for 15 minutes). Plasma was collected into PP tubes, divided into 2 aliquots and stored at -70°C or 
	colder before analysis. 
	88 
	The characteristics of the bioanalytical method are summarized below (Error! Reference source 
	not found.), based on the Validation report ( Project Code: UX034) for “Determination of Leuprolide in Human Plasma by EIA.” 
	Figure

	Table 33: Characteristics of the Validation Enzyme Immunoassay (EIA) Method Used to Measure Leuprolide Plasma Concentrations in Trial GP/C/05/PRO 
	TESTOSTERONE 
	Upon the request of the Division of Oncology Products 1 (DOP1), the Office of Study Integrity and Surveillance (OSIS) conducted an inspection of the bioanalytical assays used in the measurement of testosterone concentrations in the two pivotal Phase 3 trials. The OSIS inspection concluded that the bioanalytical assays used for the measurement of testosterone concentrations are acceptable. 
	89 
	Phase 3 Study GP/C/05/PRO 
	Phase 3 Study GP/C/05/PRO 

	Initial (Old) Method Validation 
	A total of 2066 human plasma samples (N=163) in Phase 3 Study GP/C/05/PRO were analyzed for the content of testosterone according to the bioanalytical method “Quantitative Determination of Testosterone in Human Plasma by LC-MS/MS.” Testosterone and the internal standard were extracted from plasma by liquid/liquid-extraction. The samples were analyzed by LC-MS/MS using Turbo Ion Spary Ionization and Multiple Reaction Monitoring (MRM). The standard curves were linear the measured range of 0.100 ng/mL to 10.0 
	90 
	Table 35: Characteristics of the Initial LC/MS/MS Method Used to Measure Testosterone Plasma Concentration in Trial GP/C/05/PRO 
	Sample Reanalysis 
	Due to the interference observed in a small sub-group of samples (Figure 1) during the measurement of testosterone, the sponsor developed as modified method with a different mass transition (289.109). A comparison of the old (original) method and the new (modified) method used for sample reanalysis is summarized below (Error! Reference source not found.). 
	The Applicant relied on the validation of the original method and modified it with respect to testosterone specific mass transfers and partially revalidated the modified (new) method (validaton-report-TX005-Amend05). The re-validation experiments “matrix effect,” “inter-and intra-run accuracy and precision,” “out of range dilution,” and “selectivity” were performed. A summary of the revalidation results is provided below ( 
	91 
	Table 36: A Comparison of Re-validation Results of the Modified Method to the Original Method 
	). 
	Table 36: A Comparison of Re-validation Results of the Modified Method to the Original Method 
	92 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	Table 37: Comparison of Original and Modified Bioanalytical Methods for Quantitative Determination of Testosterone in Human Plasma Samples 
	93. 
	17.4.2. OSIS Report 
	MEM O RANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES 
	PUBUC HEAL TH SERVICE .FOOD AND DRUG ADMINISTRATION .CENTER FOR DRUG EVALUATION AND RESEARCH .
	Inspection Summary 
	Off~ce of St udy Integrity and Surveillance OSIS) conducted an inspection of the analytic al portion of <~~ --------------.'bJl.ill GP-C-05-E?RO (NDP. 205054) conducted (6Jl.il
	The 

	at 
	Form FDA 483 was issued at the inspection cl ose-out. The final inspect~on classification is Voluntary Action Indi cated (VAI) . 
	S~gn~ficant objectionable conditions were observed dur~ng th~s inspect~on ~ha~ ~mpacted the =el~ability of a po=tion o f data 
	94 
	(b)(4
	f~om studv GP-C-05-PRO. I 
	(b)(4 
	17 .5. Additional Clinical Outcome Assessment Analyses 
	See above. 
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	these recommendations. 
	Division Director Review 
	Summary Review for Regulatory Action 
	OND=Office ofNew Drugs .OSI=Office ofScientific Investigations .CD'IL=Cross-Discipline Team Leader .
	1. Introduction 
	This New Dmg Application (NDA 205054) for leuprolide acetate for intramuscular injection was submitted by GP Phan n S.A. under the provisions of505(b )(2). The application relies on FDA's previous findings regai·ding nonclinical and safety data for the listed dru g, Lupron 
	Page I of8 
	Reference ID: 3769481 
	Division Director Review 
	Depot (leuprolide acetate for depot suspension) manufactured for AbbVie Inc. by Takeda Phaim aceutical Company. The listed drng, Lupron Depot, was approved in 1989 and is marketed as a prefilled dual-chamber syringe containing sterile lyophilized microspheres which, when mixed with diluent, becomes a suspension intended as a monthly (7.5 mg) or eve1y three month (22.5 mg) intramusculai· injection. Leuprolide Acetate (GP Phann) contains the same active ingredient, proposed route ofadministration and proposed
	There ai·e several major issues with this a ~licationpertaining to several disciplines. Major CMC deficiencies e1iain to ~<bll.il 
	2. Background 
	Andi·ogen deprivation is the main therapeutic approach for men with advanced prostate cancer. 
	Andi·ogen deprivation can be achieved surgically by castration or by the use ofvarious medical 
	treatments. Luprolide acetate is LHRH (GnRH) analog that acts as an agonist on the GnRH 
	receptors in the pituitaiy gland. Andi·ogen suppression is achieved by disrnpting the n01m al 
	pulsatile stimulation ofthe GnRH receptors. The initial agonist activity causes a transient 
	surge in lutenizing ho1mone (LH), follicle stimulating ho1m one (FSH), and testosterone. This 
	surge typically occurs and resolves within the first 28 days oftreatment. Following the initial 
	surge oftestosterone, it would be expected that andi·ogen levels would be suppressed and 
	remain suppressed without further surges throughout the course oftreatment. 
	The achievement and maintenance ofcastrate testosterone levels is an accepted endpoint for 
	the approval ofGnRH agonists. For recent approvals ofGnRH agonists, the lower bound of 
	the 95% confidence interval ofthe percentage ofpatients achieving and maintaining castrate 
	testosterone levels has been greater to equal than 87%. In addition, in other recent applications 
	(Trelstar 22.5 mg IM and Lupron 45 mg IM), testosterone levels were di·awn to assess the 
	potential for unanticipated testosterone surges. The CDTL and combined clinicaVstatistical 
	reviews delve in further details regai·ding the past approvals ofother GnRH agonists. 
	Regulato1y Histo1y IND 72,790 was submitted in 2005. A Type C meeting was held in December 2005 to discuss the development offonnulations. A pre-NDA meeting was held in October 22, 2012 to discuss the antici ated NDA submission. In the meeting minutes, FDA stated that the applicant should establish bll.il their proposed diug product and each listed diug upon which they propose to rely. The applicant was also asked to provide a Kaplan-Meier estimate 
	ltiJ<.il 
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	Reference ID: 3769481 
	Division Director Review 
	of the proportion of patients achieving castrate testosterone levels from Day 29 to 168. On July 31, 2014, FDA received the NDA. 
	3. CMC/Device 
	I concur with the conclusions reached by the chemistry and biopharmaceutics reviewers that there are outstanding issues which preclude product approval at this time. The chemistry and biopharmaceutics related deficiencies are summarized as follows: 
	I also concur with the conclusions reached by the compliance reviewers that there are outstanding issues which preclude product approval at this time. The Division of Inspectional 
	4. Nonclinical Pharmacology/Toxicology 
	From the Pharmacology/Toxicology review, “the Lutrate Depot formulation contains an excipient, triethyl citrate (TEC), that was not previously characterized when administered by the intramuscular route. TEC is listed in the FDA Inactive Ingredients Search for Approved Drug Products and is contained at a maximum potency
	Figure

	 in an oral, delayed-action tablet. The safety profile of intramuscularly administered TEC was therefore characterized in a single-/repeat dose (28-day) toxicology study in rats at doses which exceed that expected clinically. No adverse toxicity was reported in the TEC-treated animals. Based on this data and previous experience in approved drugs containing TEC for oral administration, this excipient was considered qualified at the specified level for intramuscular injection in Lutrate Depot.” 
	Page 3 of 8 
	Division Director Review 
	I concur with the conclusions reached by the phannacology/toxicology reviewer that there are no outstanding phann/tox issues that preclude approval. 
	5. Clinical Pharmacology 
	From the clinical phannacolo review: "The aJ)_nlicant submitted the results of (bl1' open-11>> >. tudy GP/C/05/PRO for 22.5 mg in 16J patients). Pha1macokinetic (PK) data available from ::~ 
	label, single-aim Phase 3 trial 
	14 

	30 patients in Study GP/C/05/PRO indicated that maximum ax) of leuprolide was achieved in approximately 2 hour after intrainusculai· injection. No obvious accumulation in plasma leuprolide concentrations was observed after repeated doses of both strengths of LUTRA TE DEPOT. 
	plasma concentration (Cm

	The Office of Scientific Investigation (OSI) inspection concluded that the bioanalytical assays used for the measurement of testosterone concentrations are acceptable." 
	I concur with the conclusions reached by the clinical phaimacology reviewer that there ai·e no outstanding clinical phaimacology issues that preclude approval. 
	6. Clinical Microbiology 
	I concur with the conclusions reached by the clinical microbiology reviewer that there ai·e no outstanding clinical microbiology or sterility issues that preclude approval. 
	7. Clinical/Statistical-Efficacy 
	(ti)(4
	The Applicant has conducted the following 
	• GP/C/05/PRO: Efficacy and Safety of a New Leuprolide Acetate 22.5 mg Depot Fonnulation in the Treatment of Prostate Cancer. 
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	Division Director Review 
	Study GP/C/05/PRO was an open-label, single-arm study of GP-Pharm’s Lutrate (leuprolide acetate 22.5 mg) in patients with histologically proven carcinoma of the prostate who might benefit from medical androgen deprivation therapy. The primary endpoint was the proportion of patients with testosterone < 50 ng/dl on Days 28, 84, and 168 over the total number of patients with testosterone levels on at least one of those dates. Patients who were missing data (for reasons unrelated to study drug) at these key tim
	Patients received Lutrate 22.5 mg intramuscularly on Day 0 and Day 84, and their testosterone levels were assessed at the protocol specified time points from Day 0 through Day168. One hundred and sixty three (163) patients were enrolled and 151 patients completed the study. The Applicant has included 161 patients in the primary analysis population. This population excludes 1 patient who discontinued on Day 3 and a second patient (S00117) who discontinued on Day 56 while he was receiving radiation therapy. 
	the FDA analysis of the primary endpoint differed 
	were included in the primary analysis. In addition, in the FDA analysis, if a single data point was missing and the testosterone levels before and after that data point were < 50 ng/dL, the patient was considered to have a castrate testosterone level at the missing time point. If two consecutive data points were missing, the patient was censored in the Kaplan-Meier analysis at the last available time point. This method prevents the imputation of multiple time points (as in a last observation carried forward
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	clinical/statistical joint review. According to the FDA analysis which incorporates all available data the percentage of patients who achieved and maintained castrate testosterone levels was 83.9% (95% CI: 77.3, 88.8) which differs from the results of the applicant's analysis which repo1is the percentage ofpatients who achieved and maintained castrate testosterone levels was 98.1% (95% CI: 94.7, 99.6). 
	<1>>fthe percentage ofpatients who achieved and maintained castrate testosterone 
	4 

	---------~
	levels was far lower in the FDA's analysis as compared to the applicant's anal sis. I ag£ee with the rimary clinical and statistical reviewer 's assessment tha ltif<
	4 

	in this NDA were not efficacious in maintaining castration during an approximately 5-month maintenance period. This was due primarily to a large number of <f<"l% overfill ofstudy product in the clinical batches and the questionable dose unifonnity in their manufacturing, the detected testosterone surges may reflect issues concerning the product quality and/or leuprolide release equilibrium and efficiency from the suspension depots. Because of the CMC issues, the reviewers are concerned about the interpretab
	----------
	testosterone surges that were detected after a repeat dose. Given the 
	11

	Saf_ety_ 
	One hundred and sixty three (163) patients 
	.____,.._,,______
	-=-----~-----=--~~~-~ 
	received at least 1 dose ofthe 3 month fonnulation and 157 received both injections ofstudy diug. Common adverse events in the two studies were hot flushes, arthralgia, fatigue, injection site pain or discomfo1i, headache, and diaiThea. The majority ofthe adverse events were mild (bffGrade 1-2 in Study GP/C/05/PRO. Important laborato1y abnonnalities were hyperglyceinia, increases in hepatic transaininases and sernm creatinine. The majority of the abno1malities were Grade 1-2. Severe hyperglyceinia (Grade 3 
	or moderate 
	4 

	8. Advisory Committee Meeting 
	Not Applicable 
	9. Pediatrics 
	Since prostate cancer does not occur in childi·en, a pediatric waiver has been granted. 
	10. Other Relevant Regulatory Issues 
	OSI Clinical Inspections Three clinical sites were chosen for inspection. For Study GP/C/05/PRO Site 1 (Dr. Neal 
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	Shore, Myiile Beach, SC and Site 24 Dr. Laurence Belkoff, Bala C~d, PA) were . <11These sites were selected for inspection oasea on enrol ment oflarge numoers of stuay subjects and significant prirmuy efficacy results 
	ins ected. 
	0
	4 

	pe1i inent to decision making. .Based on the review of ins ectional findin s for clinical investi ato .
	Belkoff (Study GP/C/05/PRO, Site 24), the data for 
	---~~~~~~~-
	-

	appear reliable. 
	There are no other unresolved relevant regulato1y issues 
	11. Labeling 
	Review of the labeling will be completed during the next cycle or when the application is othe1w ise approvable. 
	12. Decision/Action/Risk Benefit Assessment 
	• Regulato1y Action: Complete Response 
	• Risk Benefit Assessment Numerous deficiencies related to chemistry and manufacturing were identified that preclude approval of this a lication. In addition, the clinical ti'ial results submitted to suppo1i the approval " failed to demonsti·ate efficacy in tenns of the percentage of patients achieving and maintaining castl'ate testosterone levels from Day 28­
	1611

	168. Although prostate cancer is ultimately a lethal disease, androgen deprivation is able to contl'ol the disease process for a relatively long period of time in men with both localized and metastatic prostate cancer and there are several GnRH agonists that are cunently approved that have demonsti·ated efficacy in tenns of achieving and maintaining casti·ate testosterone levels. The concerns regarding quality and manufacturing of the diug product together with the lack of efficacy demonstl'ated in the clin
	Luti·ate and that following the resolution of the CMC, Biophannaceutics, and compliance deficiencies, the applicant would be required to conduct additional clinical ti-ials to demonsti·ate the safety and efficacy of their· product. 
	• Recommendation for Postinai·keting Risk Evaluation and Mitigation Sti·ategies None 
	• Recommendation for other Postinarketing Requirements and Commitinents 
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	None 
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	This is a representation of an electronic record that was signedelectronically and this page is the manifestation of the electronicsignature. 
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	GEOFFREY S KIM 05/29/2015 
	Cross-Discipline Team Leader Review .
	Addendum 
	Based on the facilities inspection ofGP Phaim, S.A., the Division ofInspectional Assessment recommends withhold for NDA 205054. This will be noted in the complete response letter. Please see withhold memorandum for complete info1mation on the deficiencies. Briefly, these included: 
	(6Jl.il 
	This is a representation of an electronic record that was signedelectronically and this page is the manifestation of the electronicsignature. 
	/s/ 
	VIRGINIA E MAHER 05/28/2015 
	Cross Discipline Team Leader Review 
	Cross-Discipline Team Leader Review 
	1. Introduction 
	(6Jl.il
	NDA 205054, contains the following 
	,__~~~~~~~~~~~~~~
	-

	• GP/C/05/PRO administered 22.5 mg ofleuprolide acetate eve1y 3 months to 163 patients. 
	~ Lutrate Depot 22.5 
	.__.....,_....~~~~-..~.--------~--~.....----~~~~--:o-..~~-
	-

	m g IM eve1y 3 months for the indication: palliative treatment ofadvanced prostate cancer. 
	2. Background 
	Gonadotropin releasing ho1mone (GnRH) agonists such as leuprolide acetate cause a transient 
	surge in luteinizing honnone (LH), follicle stimulating ho1mone (FSH), and testosterone (T). 
	This surge desensitizes the LH and FSH receptors and is followed by a sustained decrease in 
	testosterone to levels similar to those achieved following orchiectomy. Prostate cancer is an 
	androgen responsive tumor and low testosterone levels result in cancer shrinkage. Over time, 
	paiis ofthe tumor can become honnone independent and these cells grow despite low levels of 
	testosterone. However, other parts ofthe tumor can remain ho1mone sensitive. Thus, GnRH 
	agonists are used in both honnone-sensitive and castration-resistant disease. 
	The approval ofGnRH agonists for use in prostate cancer has been based on their ability to achieve and maintain castrate testosterone levels. The initial testosterone surge typically occurs and resolves within the first 28 days and castrate testosterone levels ai·e measured from Day 28 until the end ofstudy. The study duration is based on the dosing interval and typically extends through 2 or 3 administrations ofthe GnRH agonist. Achievement and maintenance ofcastrate testosterone levels is typically measur
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	!. Prior to the next dose-This permits an assessment of the drug’s ability to maintain castrate testosterone levels over the entire dosing interval. 
	!. 1-3 days after the second or subsequent dose of the GnRH agonist-This permits an assessment of the drug’s ability to fully desensitize the LH and FSH receptors and to maintain castrate testosterone levels following additional stimulation with a GnRH agonist. If the LH and FSH receptors are not completely desensitized, an increase in testosterone to non-castrate levels will occur. This is referred to as the acute-on-chronic effect. 
	The clinical consequences of an increase in testosterone just prior to the next dose or following the second or later injections are not known. However, Applicants have been asked to evaluate these time points and to obtain approval GnRH agonists are expected to maintain castrate testosterone levels at these time points. 
	The timing of the testosterone levels and their use in the analysis of the primary endpoint, achievement and maintenance of castrate testosterone levels, is a major issue in the current application. Since transfer of the GnRH agonists to the Office of Hematology and Oncology Products, Trelstar 22.5 mg IM every 6 months and Lupron 45 mg IM every 6 months have been approved. Note that 60/120 patients in the study supporting the Trelstar 6 month formulation had testosterone levels drawn to assess the acute on 
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	(b)l.il 
	In July 2011, the Applicant submitted the study ofthe 3 month 
	~-~-.--:-~~~,---~--=
	-

	fo1mulation of Lutrate Depot that has been submitted in this application. In October 2012, a 
	Page3 ofl4 
	3 
	Cross Discipline Team Leader Review 
	pre-NDA meeting was held for this application. At that time, the Applicant was asked to < >< study in the NDA submission. The applicant was also asked to provide a Kaplan-Meier estimate of the propo1iion ofpatients achieving castrate testosterone levels from Day 29 to 168. 
	include the results oftheir pre-specified prima1y analyses from 
	11 
	4 

	3 Month Formulation 
	ill the 3 month fonnulation Tlymer is  for the sustained release of leuprolide over the 3 month period. 
	he biodegradable po
	response

	bll.il the diug product is a lyophilized powder that is 
	........--..--__.......
	--------------..-....-------

	reconstituted with diluent within the MIXJECT delive1y device and adininistered intramuscularly. CDRH was consulted concerning the delive1y device for this application and found no deficiencies. 
	Numerous CMC deficiencies have been found in this application. Please see final letter to the Applicant for a list ofthese deficiencies. The essence ofthe CMC deficiencies is as follows: 
	(bll' 
	1111
	<

	The Applicant provides a " % overfill in diug product to account for di11g release/loss during manufacturing. Thus, patients may receive substantially different amounts ofstudy diug with each injection. 
	4. Nonclinical Pharmacology/Toxicology 
	. The 
	ARRlicant also conducted a nonclinical stud 
	it was thought that Lutrate 
	it was thought that Lutrate 

	-=----~~,------~,,-.--..-~-.-~---~~-..-...--.-,.-~~~~~
	-

	Depot 22.5 mg could also rely on the nonclinical info1mation from the Lupron Depot NDA. 
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	5. Clinical Pharmacology/Biopharmaceutics 
	3 Month Formulation 
	3 Month Formulation 

	Pharmacokinetic data are available for 30 patients treated with the 3 month formulation. These parameters were assessed after the first and second dose of study drug and their means and standard deviations are shown in the table below. 
	The coefficient of variation for the AUC ranged from 48.5-56.8% for the first 2 doses. 
	6. Clinical Microbiology 
	Not applicable 
	7. Clinical/Statistical-Efficacy 
	The Applicant has conducted the following 
	! GP/C/05/PRO: Efficacy and Safety of a New Leuprolide Acetate 22.5 mg Depot Formulation in the Treatment of Prostate Cancer. 
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	3 Month Formulation 
	3 Month Formulation 

	GP/C/05/PRO was conducted from October 2011 to May 2013 and enrolled 163 patients at 25 sites in the US. 
	Eligibility: 
	1.. 
	1.. 
	1.. 
	Patients with carcinoma of the prostate who might benefit from medical androgen deprivation 

	2.. 
	2.. 
	No evidence of impending spinal cord compression, impending urinary tract .obstruction, or severe pain from extensive bone metastases. 

	3.. 
	3.. 
	No previous GnRH analog use for > 6 mos and none within 12 mos of study entry; No androgen receptor blockers within 3 mos of entry; No 5-alpha-reductase inhibitors within 3 mos of entry; No alternative therapies which have an estrogenic or anti-androgenic effect within 3 mos of entry 

	4.. 
	4.. 
	No local, curative therapy to the primary tumor within 2 weeks of entry; Study drug may be given as neo-adjuvant therapy if local therapy does not start until 2 weeks after study completion 

	5.. 
	5.. 
	Life expectancy of 1 year, ECOG PS 0-2 
	> 


	6.. 
	6.. 
	Testosterone level above the LLN; adequate bone marrow, renal, and liver function 


	Treatment: 
	Leuprolide acetate 22.5 mg IM Day 0 and 84 
	Monitoring: ! Testosterone levels were obtained at baseline, Day 0 (prior to dosing and 1 and 4 h post-dose), Days 2, 14, 28, 56, 84 (prior to dosing and 1 and 4 h post-dose), 86, 112, and 168. 
	o. Samples on the day of dosing (italics) were obtained prior to dosing. These samples will assess the duration of efficacy of the study drug. 
	o. Samples on the day of dosing (italics) were obtained prior to dosing. These samples will assess the duration of efficacy of the study drug. 
	o. Samples on the day of dosing (italics) were obtained prior to dosing. These samples will assess the duration of efficacy of the study drug. 

	o. For the Day 84 injection, samples were obtained at 1 and 4 h post-dose and on 
	o. For the Day 84 injection, samples were obtained at 1 and 4 h post-dose and on 


	0.1 ng/mL in plasma.. ! Safety laboratories were obtained at baseline and at Days 28, 84, 112, and 168. .
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	Statistical Plan: 
	The primary endpoint was the proportion of patients with testosterone 50 ng/dl on Days 28, 84, and 168 over the total number of patients with testosterone levels on at least one of those dates. Patients who were missing data (for reasons unrelated to study drug) at these key time points were considered to have maintained a castrate testosterone level.  The study drug would be considered successful if > 93% of patients achieved castrate testosterone levels on these dates. 
	< 

	Disposition 
	One hundred and sixty three (163) patients were enrolled and 151 patients completed the study. The Applicant has included 161 patients in the primary analysis population. This population excludes 1 patient who discontinued on Day 3 and a second patient (S00117) who discontinued on Day 56 while he was receiving radiation therapy.  The study report states that the investigator who enrolled this patient was unresponsive to queries, as a result this patient was considered to have had a major protocol violation,
	Baseline Characteristics 
	Median age was 72 years and 30% of patients were Black.  Data concerning the presence of metastatic disease was available for 160 patients and 18 patients had metastatic prostate cancer 
	Primary Endpoint 
	The table below provides the results of the Applicant and FDA analyses of the percentage of patients with castrate testosterone levels. 
	Applicant: The Applicant’s analysis included testosterone levels from Days 28, 84 and 168.  The analysis population included 161patients (see Disposition). 
	FDA: The FDA analysis included patients who received study drug and who had testosterone levels available on Day 28. Day 28 was chosen because GnRH agonists typically achieve castrate testosterone levels by Day 28. The 1 patient who discontinued prior to Day 28 was not included in the analysis. The analysis period extended from Day 28 to Day 168. Day 168 was the last on-study visit. 
	The FDA analysis included all testosterone levels between Days 28 and 168. Inclusion of all time points resulted in 26 patients with non-castrate testosterone levels.  In 17 patients, castrate testosterone levels were not maintained during/at the end of the dosing interval.  This includes patients who did not have castrate testosterone levels at Days 28, 56, 84 (prior to dosing), 112, or 168. In 11 patients castration was not maintained during the acute-on-chronic period. That is, Day 84 1 hr and 4 hr post 
	-

	The handling of missing data in the FDA analysis 
	This method was described above for the 1 month formulation. 
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	Using all the available data, the percentage ofpatients who achieved and maintained castrate testosterone levels was far lower than products which have recently been approved. 
	8. Safety 
	Ex osure 
	(bl{l 
	______________________...,.,,,__________,_.;:,______ 
	One liuncfred andSixty tlii:ee (163) patients received at least 1 dose ofthe 3 month fonnulation and 157 received both injections ofstudy diug. 
	Deaths and Discontinuations 
	dunng tlie triafinvolvmg tlie 3 montli fonnu abon. 
	(6Jl.il 
	Adverse Events 
	(6Jl.il 
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	The table below provides information on treatment emergent adverse events that occurred in at least 10% of patients. CTC AE version 3 was used for adverse events grading. Treatment related adverse events (at least possibly related per Investigator) are also reported for this single arm study. Note that in 3 patients injection site pain/discomfort was considered unrelated to study drug (18 vs. 15 patients). This raises concern about the quality of data collection. 
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	Injection site reactions, including discomfort/pain, e1ythema, hemonhage, induration, urticai·ia, and waimth, were reported in 23 patients with no patients repo1i ing a grade 3-4 event. 
	Comparison ofthe adverse event profile ofLutrate Depot 3 month with approved diugs found that hot flushes were repo1ied in 77% ofpatients with Lutrate, 59% with Lupron 3 month, and in 56% with Eligai·d 3 month. Injection site transient burning and stin~g was seen in 22% of 
	atients receiving Eligai·d 3 month ain in 3.5% (bll' 
	Adverse Events ofConcern 
	Low testosterone levels can result in a metabolic syndi·ome which affects glucose and . 1 .d (bll"' 
	ch 1 1
	o estero -tnl£ cen e levels. 
	study suppo1img tlie 3 montli fonnulat10n, 52 patients liad diaoetes and 1 liyperglycemia. In this study, 9 (6%) patients had a laborato1y repo1i ofgrade 3-4 hyperglycemia. Hemoglobin Ale was not measured. No patient had a grade 3-4 cholesterol level. 
	In the 

	An increase in a1ierial events has also been repo1i ed in lai·ge population-based studies of GnRH agonists. Single aim studies ofthis size and duration ai·e lmlikely to provide additional data. Arterial events, in both ofthe studies, included aortic anemysm and myocai·dial infai·ction. 
	9. Advisory Committee Meeting 
	An Adviso1y Committee Meeting was not held. 
	10. Pediatrics 
	Since prostate cancer does not occur in childi·en, a pediatric waiver has been granted. 
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	11. Other Relevant Regulatory Issues 
	!. Inspections: 
	o. The facilities inspection by the Office of Compliance is pending. Compliance is expected to recommend following their facilities inspection of GP-Pharm S.A. See compliance review. 
	o. The facilities inspection by the Office of Compliance is pending. Compliance is expected to recommend following their facilities inspection of GP-Pharm S.A. See compliance review. 
	o. The facilities inspection by the Office of Compliance is pending. Compliance is expected to recommend following their facilities inspection of GP-Pharm S.A. See compliance review. 
	withhold 


	o. Inspections of the clinical sites and the central laboratory that conducted the testosterone assays were acceptable. 
	o. Inspections of the clinical sites and the central laboratory that conducted the testosterone assays were acceptable. 


	12. Labeling 
	Since the application did not meet its primary endpoints, product labeling was not initiated. 
	13. Recommendations/Risk Benefit Assessment 
	!. Recommended Regulatory Action: Complete Response 
	!. Risk Benefit Assessment 
	Table 8: Risk-Benefit Summary and Assessment 
	Benefit Lutrate 3 The percentage of patients month failed to demonstrate 
	Figure

	who achieved and maintained efficacy comparable to recently 
	castrate testosterone was lower than that of products recently
	approved. The clinical consequences for patients with non-castrate testosterone levels at the end of the dosing interval or who develop non-
	castrate levels as an acute-on
	-

	!. Lutrate 3 month: 83.9% of 
	chronic effect are unknown. 
	patients achieved and 
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	! Recommendation for Postmarketing Risk Management Activities Not applicable 
	! Recommendation for other Postmarketing Study Commitments Not applicable 
	! Recommended Comments to Applicant Please see complete response letter. 
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	VIRGINIA E MAHER 05/13/2015 
	DEPARTMENT OF HEALTH AND HUMAN SERVICES 
	PUBLIC HEALTH SERVICE. FOOD AND DRUG ADMINISTRATION. CENTER FOR DRUG EVALUATION AND RESEARCH. 
	PHARMACOLOGY/TOXICOLOGY NDA REVIEW AND EVALUATION. 
	LutrateDepot (leuprolide acetate) is a gonadotropin-releasing hormone (GnRH) agonist indicated for palliative treatment of advanced prostate cancer. 
	Indication:. 
	® 

	Listed Drug (Form 356h) 
	Applicant: GP Pharma SA 
	Review Division:  Division of Hematology Oncology Toxicology (Division of Oncology Products 1) 
	Reviewer: Eias Zahalka, PhD, MBA Supervisor: Todd Palmby, PhD Division Director: John Leighton, PhD, DABT (DHOT-Acting) MD, (DOP1-Acting) Project Manager: Charlene Wheeler 
	Disclaimer 
	Except as specifically identified, all data and information discussed below and necessary for approval of NDA 205054 are owned by GP Pharma SA or are data for which GP Pharma SA has obtained a written right of reference. Any information or data 
	Except as specifically identified, all data and information discussed below and necessary for approval of NDA 205054 are owned by GP Pharma SA or are data for which GP Pharma SA has obtained a written right of reference. Any information or data 
	necessary for approval of NDA 205054 that GP Pharma SA does not own or have a written right to reference constitutes one of the following: (1) published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, as reflected in the drug’s approved labeling. Any data or information described or referenced below from reviews or publicly available summaries of a previously approved application is for descriptive purposes only and is not relied upon for approval of NDA 205054. 

	NOA# 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	1. Introduction 
	Leuprolide acetate is a synthetic nonapeptide analog of naturally occurring gonadotropin-releasing hormone (GnRH). This 505(b)(2) submission is for a new sustained-release formulation for Leuprolide acetate, Lutrate Depot. GP-Pharm SA has 
	once every three months (Leuprolide Depot 22.5 mg). 
	For nonclinical support, the Applicant relies on the listed drug, Lupron Depot (Abbvie), which is marketed in the US (Form 356h). 
	1.2 Brief Discussion of Nonclinical Findings 
	ltiH" original pharmacodynamic (PD) studies were conducted by the Applicant to
	'---.--
	...

	assess testosterone suppression levels in dogs (a marker of activity) following single intramuscular administration of Lutrate De(:>ot <bll" 22.5 mg. <bll"' 
	Ct9levels Tallowing CUtrate Depo aam1nistration were ach1evea Between Days 7 to 21, and testosterone levels remained < >r
	astra
	low until study termination . 
	11
	4 

	In addition to reliance on the listed drug, the Applicant provided published safety data to 
	further characterize the safety profile of Leuprolide acetate. These safety data were 
	considered supportive/supplemental. 
	The Lutrate Depot formulation contains an excipient, triethyl citrate (TEC), that was not 
	previously characterized when administered by the intramuscular route. TEC is listed in 
	the FDA Inactive Ingredients Search for Approved Drug Products and is contained at a 
	maximum potency up tol(blT~mg in an oral, delayed-action tablet. The safety profile 
	of intramuscularly administerecf~ECwas therefore characterized in a single-/repeat­
	dose (28-day) toxicology study in rats at doses which exceed that expected clinically. 
	No adverse toxicity was reported in the TEC-treated animals. Based on this data and 
	previous experience in approved drugs containing TEC for oral administration, this 
	3 
	3 

	NOA# 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	excipient was considered qualified at the specified level for intramuscular injection in Lutrate Depot. 
	The Lutrate Depot drug product contains the same active pharmaceutical ingredient, leuprolide acetate, as the listed drug formulated in the same or lower strength. There are no safety concerns with the excipients in the Leutrate Depot drug product. Nonclinical PK/PD studies in dogs demonstrated that the Lutrate Depot intramuscular administration resulted in exposures and testosterone responses as would be expected for the listed drug and comparable to Procrin®, a leuprolide acetate depot product approved in
	1.2 Recommendations 
	1.2.1 Approvability 
	There are no issues from the Pharmacology/Toxicology discipline that would preclude approval of Lutrate Depot >1" 22.5 mg) for the proposed indications. 
	16

	2. Drug Formulation 
	• Lutrate Depot 22.5 mg once per three months. 
	Generic Name: Leuprolide Depot, Leuprolide 
	In the formulations, Leuprolide acetate_Ghe API) is entrapped inside microspheres 
	-(li)(ll 
	formed by a biodegradable polymer PLA for jJl.il 
	Lutrate De ot 22.5 mgJ and triethylcitrate. 

	The product, as described by the applicant, consists of a vial containing the powder, a 
	prefilled syringe containing the solvent necessary for powder reconstitution (mannitol 
	0.8% solution), and a device used for connecting the syringe directly onto the vial; 
	thereby allowing a direct reconstitution of the powder and injection of the reconstituted 
	product to patient. 
	NOA# 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	TABLE 1 · Product Formula 
	(excerpted from Applicant's report) 
	3. Pharmacological Class 
	GnRH agonist 
	4. Mechanism of Action (as listed in the proposed label) 
	Leu rolide acetate has GnRH agonist 
	Tn1s effect 1s reversf51e 
	In humans, ltiH" administration of leuprolide acetate results in an initial increase in circulating levels of luteinizing hormone (LH) and follicle stimulating hormone (FSH), leading to a transient increase in levels of the gonadal steroids (testosterone and dih drotestosterone in males, and estrone and estradiol in remenopausal females). 
	!tiH4 
	5. Nonclinical Activity 
	The Applicant conducted an original nonclinical bridging study to provide an adequate scientific basis for reliance upon the listed drug (Lupron Depot®). A pharmacokinetic (PK) and pharmacodynamic ~D) bioequivalence study of Lutrate Depot versus the 
	A bridging study for the three-month formulation (Lutrate Depot 22.5 mg) was not conducted by the Applicant. The Applicant provides the following justification: 
	5 Reference ID: 3740332 
	NOA# 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	(ti)(4 
	Additionally, the PK/PD profile of Lutrate Depot was studied in animals, using testosterone as a marker of activity, and these data were submitted to provide a qualitative bridge to the three-month (22.5 mg) Lutrate Depot formulation. 
	5. 1 Original Studies Submittecf 
	{bracketed italicized text was added by reviewer to clarify the Applicant's statement] 2 
	1 

	Additional published data were provided to supplement pivotal data, and these are provided in Appendix 1. 
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	NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA 

	NOA# 205054 .Reviewer: Eias A. Zahalka, PhD, MBA 
	Results: 
	• .
	• .
	• .
	The Applicant stated that there were no clinical observations reported. Individual data were not provided by the Applicant in this report, so this reviewer could not confirm the conclusions. 

	• .
	• .
	Testosterone levels were quantifiable 3 hours postdose through Day 14. Levels gradually declined following Day 4, and by Day 21 levels were unquantifiable or were lower than the pre-dose levels (:50.37 ng/ml for Lot #10603-1, or :50.99 


	14 
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	NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	ng/mL for Lot # 10311-1).  Testosterone levels continue to be unquantifiable through Day 140 (Lot # 10311-1) or Day 168 (Lot # 10603-1), although testosterone levels for Lot # 10311-1 were quantifiable again by Day 154. 
	Reviewer note 
	Castration levels of testosterone in humans were 50 ng/dl (or 0.5 ng/mL). 
	(excerpted from Applicant’s report) 
	Conclusion 
	The observed Leuprolide acetate 22.5 mg Depot PD (testosterone) profiles in the two tested batches were very similar; with an initial peak of plasma testosterone levels 
	NOA# 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	followed by a gradual decline. Low levels were maintained until Day 140 or 168. This pattern of testosterone su (:>ression following a single dose of Leu rolide acetate (22.5 
	(bJ(4 
	mgJ 

	(6Jl.il 
	3 Page(s) tias t>een Witliliel(j in Full as t>5 imme(jiately following tliis page 
	NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA 

	Objectives: To evaluate leuprolide pharmacokinetic profile in dog obtained after administration of the clinical batch (10311-1), the clinical back-up batch (10603-1) and other validation batches (21022-1, 21108-1, 21111-1), in three different preclinical studies (S32312, S34055 and IQ13­00180). 
	Methods: 
	Four (S32312), 6 (S34055) and 9 (IQ13-00180) dogs were administered Leuprolide acetate 22.5 mg depot GP-Pharm (batches 10311-1, 10603-1, 21022-1, 21108-1, 21111-1) intramuscularly at the dose of 1.186 mg/kg of Leuprolide acetate and a volume of 0.1054 mL/kg. Blood samples were collected at the following times: Pre-dose (day 0), 3 and 6 hours, 1, 2, 3, 4, 14, 21, 28, 42, 56, 70, 84, 98, 112 (last day for the validation batches), 126, 140, 154 and 168 (last day for the clinical batches) days post-dose. Plasma
	Results: 
	Batches 10311-1 and 10603-1 
	Batches 10311-1 and 10603-1 

	After dose administration, Leuprolide levels peaked followed by a decline in levels reaching values of approximately 1000 pg/mL by Day 21.  These levels were maintained until Day 98, at which time Leuprolide concentrations started to gradually decrease, and were unquantifiable by Day 168. 
	NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	NOA# 205054 .Reviewer: Eias A. Zahalka, PhD, MBA 
	9. .General Toxicology 
	9. 1 Repeat-Dose Toxicity 
	It was stated by the Applicant that all the excipients in Leuprolide Depot are known and well characterized substances and already used in other injectable drug formulations 
	® 
	including the listed drug, Lu pron Depot with the exception of triethylcitrate (TEC). The toxicity profile of TEC was evaluated by the applicant in a 28-Day intramuscular toxicity 
	t . t
	s udv in ra s. 
	Study title: 28-Day Intramuscular Toxicity Study in the Rat for Triethyl Citrate .(excipient in the Leuprolide Depot) .Study no.: .
	s27520 Objectives: 
	• .
	• .
	• .
	To evaluate the cumulative toxicity of Triethyl Citrate after daily intramuscular administration to rats for a period of 28 days at a single dose level. 

	• .
	• .
	The acute toxicity of Triethyl Citrate was evaluated when administered by intramuscular route to rats at two dose levels, followed by an observation period of 27 days. 


	Sponsor: 
	Sponsor: 
	GP-Pharm S.A. 

	1i>m
	Conducting laboratory and location: Experimental Starting 
	17 May, 2010 Date: GLP compliance/QA 
	Yes (OECD) statement: Drug and lot #: 
	Yes (OECD) statement: Drug and lot #: 
	Triethyl Citrate (Pharmaceutical excipient); Lot # M04e101, M04e102, M04e103. 

	NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	Methods: 
	Results: 
	Mortalities 
	There were no mortalities reported by the Applicant. 
	Clinical Observations 
	There were no test article-related clinical observations reported by the Applicant. 
	Reviewer comment 
	The Applicant did not provide the individual data for the clinical observations. 
	Body Weight and food consumption 
	There were no adverse test article-related effects on mean body weights, body weight .gains and food consumption.. Ophthalmology: No test article-related ophthalmic findings were reported.. Hematology, Clinical Chemistry and Urinalysis. 
	NDA # 205054 Reviewer: Eias A. Zahalka, PhD, MBA 
	No test article-related clinical pathology (hematological, clinical chemistry and urinalysis) findings were reported. 
	Macroscopic Findings 
	There were no test article-related findings reported.. The only finding that was reported at 0.017 mg/kg/day included discolored ovaries and .uterus. However, the effects were not correlated with microscopic findings.. 
	Organ Weights 
	There were no test article-related findings reported. 
	Increases in a number of relative organ weights were reported at 0.017 mg/kg/day.  Higher absolute and relative weights were reported in the pituitary of males and females and in the lungs, liver, kidneys and spleen of females. The effects were not correlated with microscopic findings. 
	Microscopic Findings 
	There were no test article-related microscopic findings reported. 
	Conclusion 
	There were no adverse test article-related effects reported after single (2.48 mg/kg) or repeat dose for 28-day (0.017 mg/kg/day) intramuscular dose of triethyl citrate to rats.  The TEC level in the rat single-dose arm of the study was 2.48 mg/kg (or HED of 24.12 mg) which is higher than the 17.4 mg TEC level specified in the maximum clinical formulation dose (22.5 mg). As such, the excipients triethyl citrate (TEC) in Lutrate Depot is considered qualified at the specified levels for intramuscular injectio
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	The submitted NDA 205054 original 1 for the 22.5 mg formulation Original 1 is recommended for approval . 
	acetate is manufactured by . Leuprolide is trapped inside microspheres made of the biodegradable polymer and triethyl citrate. The polymer provides a sustained release of leuprolide over a 3-month period. 
	water, sodium hydroxide/hydrochloric acid) using the Mixject delivery device (K963583). administered intramuscularly. 
	GP Pharm conducted studies using 3 Month Formulation enrolled patients with prostate cancer, regardless of stage. The 3 Month Formulation (N=163) was administered every 84 days for 2 doses. The FDA asked the Applicant to assess the percentage of patients who achieved and maintained castrate testosterone levels (< 50 
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	GP Pharm is seeking an indication for the palliative treatment of advanced prostate cancer. Advanced prostate cancer is a serious and life-threatening disease. Gonadotropin-releasing hormone analogues such as Lutrate Depot have been the mainstay of treatment of patients with advanced prostate cancer. Overall survival with these agents is similar to orchiectomy. The adverse event profile of GnRH analogues includes tumor flare due to an initial increase in testosterone levels and the development of metabolic 
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	Dimension 
	Evidence and Uncertainties 
	Conclusions and Reasons 

	Analysis of Condition 
	Analysis of Condition 
	• Advanced prostate cancer is a serious and life-threatening condition. 
	Advanced prostate cancer can result in significant morbidity and death. 

	Current Treatment Options 
	Current Treatment Options 
	• Gonadotropin-releasing hormone analogues are the mainstay of treatment for advanced disease. Other options include docetaxel, abiraterone, enzalutamide, radium-223, and apalutamide. These agents are typically used in combination with GnRH analogues. 
	Gonadotropin-releasing hormone analogues are the mainstay of therapy for advanced prostate cancer. They may be used alone or in combination with other agents. 

	Benefit 
	Benefit 
	• Overall survival with GnRH analogues is similar to orchiectomy. The approval of GnRH analogues has been based on a surrogate marker, castrate testosterone levels. The 3 Month Formulation of Lutrate Depot achieved and maintained castrate T levels in 94.3% (95% CI: 89.4, 97.0) of patients between Days 28 and 168. 
	Prostate cancer is responsive to testosterone. Castrate testosterone levels slow tumor growth and can result in tumor response. 

	Risk and Risk Management 
	Risk and Risk Management 
	The safety profile of Lutrate Depot 22.5 mg is similar to other GnRH agonists. The primary concern is tumor flare due to an initial increase in testosterone. Patients with impending cord compression or urinary retention should not receive GnRH agonists prior to definitive local treatment. Additional concerns include cardiovascular disease, hyperglycemia/diabetes, QT prolongation, and seizures. The most common (>10%) Grade 1-4 adverse reactions with Lutrate 
	The risk profile of Lutrate Depot 22.5 mg is acceptable and similar to approved GnRH agonists. 
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	Depot 22.5 mg are hot flushes, upper respiratory infection, fatigue, diarrhea, pollakiuria, arthralgia, and injection site pain. 
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	The patient experience data that was submitted as part of the application, include: 

	TR
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	Clinical outcome assessment (COA) data, such as 
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	Patient reported outcome (PRO) 
	Patient questionnaire concerning bone pain, urinary pain, and urinary symptoms 
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	□ 
	Observer reported outcome (ObsRO) 
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	□ 
	Clinician reported outcome (ClinRO) 

	TR
	□ 
	Performance outcome (PerfO) 

	TR
	□ 
	Qualitative studies (e.g., individual patient/caregiver interviews, focus group interviews, expert interviews, Delphi Panel, etc.) 
	Patient reports 

	TR
	□ 
	Patient-focused drug development or other stakeholder meeting summary reports 
	None 

	TR
	□ 
	Observational survey studies designed to capture patient experience data 

	TR
	□ 
	Natural history studies 

	TR
	□ 
	Patient preference studies (e.g., submitted studies or scientific publications) 
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	Patient experience data that was not submitted in the application, but was considered in this review. 
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	Figure
	Milestones Date Comment (6Jl.il Type C Meeting December 2005 Discussed trial design of 3 Month Formulation Agency expressed concerns about sample size and the extent/handling of missing data. Discussed CMC of >mli3 Month Formulations (6Jl.il 
	Table
	Trial Conducted 
	Trial Conducted 
	2011-2014 
	3 Month Formulation 

	Pre-NOA Meeting 
	Pre-NOA Meeting 
	October 2012 
	Agency asked the Applicant to include a Kaplan-Meier estimate of the proportion of patients achieving castrate testosterone levels from Day 29-168. Agency stated that the results of the pre-specified primary analysis and the analysis using the Kaplan-Meier method should be submitted. 

	Original NOA 
	Original NOA 
	July 2014 
	A complete response letter citing clinical, chemistry, and inspection concerns was issued May 29, 2015 

	Type A Meeting 
	Type A Meeting 
	October 2015 
	Sponsor noted that there were interfering peaks in several testosterone analyses from the clinical trial of the 3 Month Formulation. The Agency stated that it was the sponsor's decision whether to re-analyze the samples, but that if they did 


	Table
	TR
	so, they should re-analyze all samples and provide information on the re-analysis method and the long­term sample stability. 

	Type C Meeting 
	Type C Meeting 
	April 2016 
	CMC issues were discussed and the sponsor was asked to provide batch composition and formula for review as well as batch records for 3 batches. 

	Type C Meeting 
	Type C Meeting 
	September 2016 
	The manufacturing process was reviewed and the Agency stated, “We recognized you have a manufactur-ing process that is capable of producing drug product to meet your current drug product specification. The final decision on the manufacturing process and the adequacy of the manufacturing process controls will be made during the NDA review.” 

	Resubmission 
	Resubmission 
	August 2017 
	Resubmission incomplete since a manufacturing site is not ready for inspection 

	Resubmission 
	Resubmission 
	February 2018 
	Current submission 


	was 
	Figure
	carboxymethyl cellulose, polysorbate 80, mannitol and water for injection lb><• 
	administration of Lutrate to dogs resulted in sustained exposure and decreased testosterone 3
	 original pharmacodynamic (PD) studies were conducted by the Applicant to assess testosterone suppression levels in dogs (a marker of activity) following a single intramuscular administration of Lutrate Depot 22.5 mg. The reported data showed that Lutrate Depot exhibited comparable qualitative PD profiles with regard to testosterone suppression. Castrate levels following Lutrate Depot administration were achieved between 
	on a two-compartment model. No apparent accumulation was observed after the first two 
	PHARMACOLOGY 
	PHARMACOLOGY 
	PHARMACOLOGY 

	Mechanism of Action 
	Mechanism of Action 
	leuprolide acetate is a GnRH agonist. Continuous administration of leuprolide in males decreases LH, FSH, DHT, and testosterone concentrations by desensitizing and/or down-regulating the pituitary. 

	QT Prolongation 
	QT Prolongation 
	In the current submission, the Applicant did not perform a QTc prolongation evaluation. Literature suggests that androgen-deprivation therapy causes QT prolongations and it may be associated with an increased risk of cardiovascular morbidity and death. 
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	TR
	The approved USPI of the reference product includes information regarding the risk of QT prolongation under the Warnings and Precautions section. 

	GENERAL INFORMATION 
	GENERAL INFORMATION 

	Molecular Weight 
	Molecular Weight 
	1209.4 g/mol 

	Bioanalysis 
	Bioanalysis 
	Leuprolide plasma concentrations in Study GP/C/05/PRO were measured using a validated enzyme immunoassay and testosterone concentrations were measured using a liquid chromatography tandem mass spectrometry assay. Results from Study GP/C/05/PRO failed to meet the primary efficacy endpoint of sustained castrate levels of testosterone at specific timepoints. The Applicant provided evidence that interfering peaks resulted in the overestimation of testosterone concentrations in some samples. Subsequently, the Ap

	Accumulation 
	Accumulation 
	Following two injections of the 22.5 mg formulation, there was no substantial accumulation. The profile of leuprolide concentrations following the second dose was similar to that of the first dose. 

	Variability 
	Variability 
	For LUTRATE DEPORT 22.5 mg, %CV of Cmax is 38.4%; however, the %CV of AUC varies from 48.5% and 56.8% following the first two doses. 

	ABSORPTION 
	ABSORPTION 

	Tmax 
	Tmax 
	Tmax is reached after 2 hours following the first administration of the 22.5 mg. 

	DISTRIBUTION 
	DISTRIBUTION 

	Volume of Distribution 
	Volume of Distribution 
	The mean-steady state volume of distribution of leuprolide following intravenous bolus administration to healthy male volunteers was 27 L. 

	Plasma Protein Binding 
	Plasma Protein Binding 
	In vitro binding to plasma proteins ranged from 43% to 49%. 

	ELIMINATION 
	ELIMINATION 

	Mean Terminal Half-Life 
	Mean Terminal Half-Life 
	The mean systemic clearance of leuprolide following intravenous bolus administration to healthy male volunteers was 7.6 L/h, and terminal half-life was approximately 3 hours based on a two-compartment model. 
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	3). Specifically,
	In this resubmission, the Applicant included the validation of a modified bioanalytical method that selectively measures testosterone and data reanalysis for testosterone in plasma samples from Study GP/C/05/PRO to support approval of the 22.5 mg formulation. 
	Figure
	Figure
	The pivotal studies GP/C/05/PRO provide evidence of safety and efficacy Additionally, leuprolide PK was assessed in a subset of 30 patients in study GP/C/05/PRO As such, results 
	Figure
	There is no tangible accumulation of leuprolide after the second dose of the 22.5 mg formulation As such, there is no safety concern with repeated administration of the proposed product. Figure 3: Plasma Leuprolide and Testosterone Concentrations 
	Phase Title # Patients Study Design
	 Phase 3 
	 Phase 3 
	 Phase 3 
	GP/C/05/PRO Efficacy and Safety of a New Leuprolide Acetate 22.5 mg Depot Formulation in the Treatment of Prostate Cancer 
	163 
	Open-label, single-arm study, with 2 doses of Lutrate Depot 22.5 mg administered intramuscularly every 84 days 
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	8.1.1. CRO-GP-C-05-PRO (3 Month) 
	Figure
	16>1.il 
	16>1.il 
	16>1.il 
	3 Month Formulation 

	Enrolled 
	Enrolled 
	163 

	Received 1st Dose 
	Received 1st Dose 
	163 

	Protocol Violation 
	Protocol Violation 
	1 

	Patient/Investigator Decision 
	Patient/Investigator Decision 
	4 

	Other 
	Other 
	1 

	Received 2nd Dose 
	Received 2nd Dose 
	157 

	Protocol Violation 
	Protocol Violation 
	2 

	Patient/Investigator Decision 
	Patient/Investigator Decision 
	3 

	Other 
	Other 
	1 

	Received 3rd Dose 
	Received 3rd Dose 
	NA 

	Patient/Investigator Decision 
	Patient/Investigator Decision 

	Adverse Event 
	Adverse Event 

	Received 4th Dose 
	Received 4th Dose 

	Received 5th Dose 
	Received 5th Dose 

	Patient/Investigator Decision 
	Patient/Investigator Decision 

	Received 6th Dose 
	Received 6th Dose 

	Patient Death 
	Patient Death 

	Adverse Event. 
	Adverse Event. 


	Protocol Violation 
	Protocol Violation 
	Protocol Violation 
	3 Month Formulation N = 163 

	Any 
	Any 
	131 

	Eligibility Criteria 
	Eligibility Criteria 
	32 

	Informed Consent 
	Informed Consent 
	10 

	Study Medication 
	Study Medication 
	1 

	Diary Not Completed/Returned 
	Diary Not Completed/Returned 
	6 

	Prohibited Medication 
	Prohibited Medication 
	7 

	Assessment Not Performed Failure to Adhere to Visit Schedule 
	Assessment Not Performed Failure to Adhere to Visit Schedule 
	120 

	Other 
	Other 
	7
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	Figure
	Figure
	Testosterone Levels (ng/dL) Local Laboratory Central Laboratories Original 205 163 151 142 171 990 178 118 154 131 174 63 183 137 
	Since limited data was available concerning baseline disease characteristics, these are included with the demographics. For the 3 Month Formulation, median baseline PSA, values less than the LLOQ were considered to be at the LLOQ and values > 1080 
	3 Month Formulation All Treated1 N = 163 (%) Primary Analysis Population1 N = 162 (%) Median Age (range) 72 years (47-91) 72 years (47-91) Race White 101 (62) 101 (62) African-American 49 (30) 49 (30) Other 13 (8) 12 (8) Performance Status 0 137 (84) 136 (84) 1 22 (13) 22 (14) 2 4 (2) 4 (2) Region of Enrollment United States 163 (100) 162 (100) Eastern Europe 0 0 Western Europe/Australia 0 0 Median BMI (kg/m2) (range) 28.2 (16.9-71.6) 28.3 (16.9-71.6) Median Baseline Testosterone (ng/dL) (range) 365 (151-11
	Figure
	Figure
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	Agency Analysis N = 162 
	Applicant Analysis N = 161 

	Percentage with Castrate Testosterone Levels* Days 28-168 (95% CI) 
	Percentage with Castrate Testosterone Levels* Days 28-168 (95% CI) 
	94.3% (89.4, 97.0) 
	95.0% (90.1, 97.4) 


	Patient 
	Patient 
	Patient 
	Time Point Day 84 1 hour 
	Original T Level (ng/dL) < 10 
	Re-analyzed T Level (ng/dL) Insufficient sample 

	Day 168 
	Day 168 
	23.5 
	836 Aliquot A < 10 Aliquot B 

	Day 128 
	Day 128 
	279 
	291 Aliquot A 28.5 Aliquot B 

	Day 28 
	Day 28 
	Missing 
	Missing 

	Day 84 4 hours 
	Day 84 4 hours 
	111 
	Insufficient sample 

	Day 84 pre-dose 
	Day 84 pre-dose 
	< 10 
	Insufficient sample 

	Day 28 
	Day 28 
	33.4 
	257 

	Day 56 
	Day 56 
	91.6 
	91.7 Aliquot A 28.8 Aliquot B 

	Day 56 
	Day 56 
	185 
	121 

	Day 84 1 hour 
	Day 84 1 hour 
	149 
	187 Aliquot A 36.2 Aliquot B 

	Day 84 4 hour 
	Day 84 4 hour 
	78.3 
	90.3 

	Day 168 
	Day 168 
	< 10 
	43.8 Aliquot A 50.6 Aliquot B 

	Day 56 
	Day 56 
	52.7 
	Insufficient Sample 

	Day 86 
	Day 86 
	71.1 
	71.1 Aliquot A 23.3 Aliquot B 
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	Visit 
	Visit 
	Visit 
	N 
	Mean (SD) 
	Median 

	Baseline 
	Baseline 
	161 
	400.4 (167.4) ng/dL 
	369.0 ng/dL 

	Baseline 1H 
	Baseline 1H 
	160 
	430.5 (180.5) 
	388.5 

	Baseline 4H 
	Baseline 4H 
	159 
	437.5 (191.9) 
	402.0 

	Day 2 
	Day 2 
	161 
	617.3 (281.2) 
	580.0 

	Day 14 
	Day 14 
	162 
	101.0 (064.6) 
	84.3 

	Day 28 
	Day 28 
	161 
	17.1 (20.2) 
	13.6 

	Day 56 
	Day 56 
	161 
	12.5 (11.3) 
	BLQ 

	Day 84 
	Day 84 
	159 
	11.4 (03.6) 
	BLQ 


	Visit 
	Visit 
	Visit 
	N 
	Mean (SD) 
	Median 

	Day 84 1H 
	Day 84 1H 
	152 
	12.0 (14.5) 
	BLQ 

	Day 84 4H 
	Day 84 4H 
	150 
	11.5 (7.4) 
	BLQ 

	Day 86 
	Day 86 
	156 
	11.9 (6.0) 
	BLQ 

	Day 112 
	Day 112 
	156 
	11.7 (4.1) 
	BLQ 

	Day 168 
	Day 168 
	152 
	19.0 (70.6) 
	BLQ 


	testosterone levels were examined. Among the 163 patients receiving the 3 Month Formulation, 161 had a baseline and Day 28 value. Ten patients had an 
	Prostate specific antigen was also examined Among 23 patients with 
	Figure
	Visit 
	Visit 
	Visit 
	N 
	Mean (SD) 
	Median 

	Baseline 
	Baseline 
	162 
	44.75 (165.37) ng/mL 
	6.24 ng/mL 

	Day 14 
	Day 14 
	156 
	45.16 (166.73) 
	5.21 

	Day 28 
	Day 28 
	161 
	17.42 (92.54) 
	2.62 

	Day 56 
	Day 56 
	162 
	6.24 (27.98) 
	0.69 

	Day 84 
	Day 84 
	159 
	5.27 (31.46) 
	0.47 

	Day 112 
	Day 112 
	152 
	6.26 (42.31) 
	BLQ 

	Day 168 
	Day 168 
	152 
	4.75 (29.70) 
	BLQ 
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	Use of 
	Figure
	3 Month Formulation N # Non-castrate (%) Age < 60 23 1 (4) 61-70 53 3 (6) 71-80 63 2 (3) 81-901 24 0 Race African-American 49 1 (2) Not African-American 113 5 (4) Region United States 162 6 (4) Outside the US 0 0 
	Figure
	The safety of the 3 Month Formulations was examined by review of the adverse event and laboratory datasets. AEs were collected at each visit and patients were asked to keep a diary in which they recorded adverse events (including local reactions) 
	Day 168 was the last follow up visit Day 168 occurred 30 days after the last dose of the 3 months after the last dose of the 3 
	Periodic Safety Update Reports were submitted providing 8,138 patient-years of exposure to the 3 Month Formulation. Further, the safety profile of GnRH agonists has seen well described with similar medications. Literature was not relied upon in the evaluation of clinical safety. 
	The data integrity and submission quality are acceptable. The findings of the clinical site inspections were considered acceptable by the Office of Scientific Integrity. The organization of the submission is poor, but all elements essential to the review were identified. The AE dataset for the 3 Month Formulation contains incorrect flags. Both datasets include AEs that were reported to have occurred prior to the first dose, but which are reported to be related to study drug (e.g., hot flush). The quality of
	Figure
	Adverse Event Term Applicant's Mapping Swelling in both ankles Musculoskeletal Disorders, Joint effusion Chest pain(s) General Disorders, Retrosternal pain Chest pain Tightness in chest Night sweats and hot flashes General Disorders, Night sweats Erythema and sore right upper General Disorders, buttock Injection site erythema Redness/soreness at injection site Soreness at injection site General Disorders, Injection site irritation 
	Adverse Event Term Applicant's Mapping Swelling in both ankles Musculoskeletal Disorders, Joint effusion Chest pain(s) General Disorders, Retrosternal pain Chest pain Tightness in chest Night sweats and hot flashes General Disorders, Night sweats Erythema and sore right upper General Disorders, buttock Injection site erythema Redness/soreness at injection site Soreness at injection site General Disorders, Injection site irritation 
	Adverse Event Term Applicant's Mapping Swelling in both ankles Musculoskeletal Disorders, Joint effusion Chest pain(s) General Disorders, Retrosternal pain Chest pain Tightness in chest Night sweats and hot flashes General Disorders, Night sweats Erythema and sore right upper General Disorders, buttock Injection site erythema Redness/soreness at injection site Soreness at injection site General Disorders, Injection site irritation 
	FDA Mapping General Disorders, Edema peripheral Cardiac Disorders, Chest pain Night sweats and Hot flashes General Disorders, Injection site erythema Injection site pain General Disorders, Injection site pain 


	With the 3 Month Formulation, AEs were 
	Figure
	by Day 168. Patients reported hyperglycemia. One patient who received the 3 Month Formulation developed 
	3 Month Formulation N = 163 All SAEs 12 (7%) Cardiac Disorders Heart Failure 1 Myocardial Infarction 1 Sick Sinus Syndrome 0 Sinus Bradycardia 0 Gastrointestinal Disorders Diarrhea 1 Gastritis 0 Incarcerated Hernia 1 Rectal Hemorrhage 1 General Disorders Non-cardiac Chest Pain 1 Pyrexia 0 Infections Pneumonia 1 Metabolism and Nutrition Dehydration 1 Diabetes/Hyperglycemia/DKA 1 Hypokalemia 0 Malnutrition 0 Musculoskeletal Disorders Back Pain 0 Neoplasms Benign Neoplasm of Bladder 1 Lung Cancer 0 Nervous Sys
	3 Month Formulation N = 163 Syncope 3 Renal and Urinary Disorders Hematuria 0 Urinary Retention/Obstruction 0 Skin Disorders Bullous Pemphigoid 0 Surgical and Medical Procedures Anticoagulant Therapy 0 Brachytherapy 0 Fall 1 Knee Arthroplasty 0 Meniscus Lesion 0 TURP 0 Vascular Disorders Aortic Aneurysm 0 
	Figure
	There were 21 (13%) Grade 3-4 adverse events with the 3 Month Formulations, 
	additional injections. 
	 the 3 Month Formulation, there were 36 reports in 23 patients. Most of the moderate and 
	3 Month Formulation N = 163 All 23 (14%) Injection Site Pain/Discomfort 18 Injection Site Irritation 0 Injection Site Hemorrhage/Bruising 1 Injection Site Erythema 5 Injection Site Injury1 0 Injection Site Reaction2 0 Injection Site Swelling 0 Injection Site Induration 4 Injection Site Urticaria 1 Injection Site Warmth 1 
	• With the 3 Month Formulation, injection site soreness and burning were mapped to injection site pain. 
	Formulation. . Hot flushes and sweating are typically the most commonly 
	3 Month Formulation N = 163 Hot Flush/Hyperhidosis 128 (79) Hot Flush/Flushing 128 (79) Hyperhidrosis1 8 (5) 
	1 report 
	atrophy; 
	15% 
	3 Month Formulation N = 163 Cardiac Disorders Angina 1 Atrial Fibrillation 0 Cardiac Disorder NOS 1 Cardiac Failure 1 Mitral Valve Incompetence 1 Myocardial Infarction 1 Myocardial Ischemia 0 Sick Sinus Syndrome 0 Sinus Bradycardia 0 Tachycardia 1 Ventricular Arrhythmia 1 General Disorders 0 Chest Discomfort 12 Chest Pain 0 Non-cardiac Chest Pain 1 Investigations EKG Abnormal NOS 1 QT Prolongation 1 QT Shortened 1 T Wave Inversion 1 
	 With the 3 Month Formulation, 3 of the 5 patients with reports of diabetes/hyperglycemia had a history of diabetes/hyperglycemia. One patient on the 3 Month Formulation developed diabetic ketoacidosis. 
	The table below provides information on Grade 1-4 AEs that occurred in at least 5% of patients 
	During the first 28 days of dosing, a disorder in the musculoskeletal system, typically pain or discomfort, was reported in 20 (12%) and 23 (14%) patients who received the 3 Month Formulations, respectively. Within the first 28 days, there was u retention with the two reports with the 3 Month Formulation. Throughout the treatment period, there were three reports of urinary obstruction/retention with six reports with the 3 Month Formulation. 
	3 Month Formulation N = 163 (%) Grade 1-4 Grade 3-4 All 158 (97) 21 (13) Gastrointestinal Disorders Abdominal Pain/Discomfort 13 (8) 0 Diarrhea 21 (13) 2 (1) Constipation 15 (9) 0 Nausea 14 (9) 0 General Disorders Injection Site Reaction 23 (14) 0 Asthenia/Fatigue/Malaise 24 (15) 1 (0.6) Edema/Peripheral Edema 6 (4) 0 Chest Pain/Discomfort/Non-cardiac CP 2 (1) 1 (0.6) Infections and Infestations Upper Respiratory Infection1 28 (17) 0 Urinary Tract Infection 12 (7) 0 Musculoskeletal Disorders Arthralgia/Arth
	3 Month Formulation N = 163 (%) Grade 1-4 Grade 3-4 Nocturia 14 (9) 0 Urinary Tract Pain 13 (8) 1 (0.6) Skin Disorders Hyperhidrosis2 8 (5) 1 (0.6) Pruritus/Generalized Pruritus 9 (6) 0 Vascular Disorders Hot Flush 128 (79) 5 (3) Hypertension/BP Increased 10 (6) 1 (0.6) 
	Figure
	Table
	TR
	3 Month Formulation N = 163 (%) 

	TR
	Treatment-emergent 
	Treatment-related 

	TR
	Grade 1-4 
	Grade 3-4 
	Grade 1-4 
	Grade 3-4 

	All 
	All 
	158 (97) 
	21 (13) 
	141 (87) 
	7 (4) 

	Gastrointestinal Disorders
	Gastrointestinal Disorders

	 Diarrhea 
	 Diarrhea 
	21 (13) 
	2 (1) 
	2 (1) 
	0

	 Constipation 
	 Constipation 
	15 (9) 
	0 
	1 (0.6) 
	0

	 Nausea 
	 Nausea 
	14 (9) 
	0 
	4 (2) 
	0

	 Abdominal Pain/Discomfort 
	 Abdominal Pain/Discomfort 
	13 (8) 
	0 
	1 (0.6) 
	0 

	General Disorders
	General Disorders

	 Injection Site Pain/Discomfort 
	 Injection Site Pain/Discomfort 
	18 (11) 
	0 
	15 
	0

	 Asthenia/Fatigue 
	 Asthenia/Fatigue 
	24 (15) 
	1 (0.6) 
	22 (13) 
	1 (0.6) 

	Infections and Infestations
	Infections and Infestations

	 Upper Respiratory Infection1 
	 Upper Respiratory Infection1 
	28 (17) 
	0 
	0 
	0

	 Urinary Tract Infection 
	 Urinary Tract Infection 
	12 (7) 
	0 
	0 
	0 

	Musculoskeletal Disorders
	Musculoskeletal Disorders

	 Arthralgia/Arthritis 
	 Arthralgia/Arthritis 
	18 (11) 
	0 
	2 (1) 
	0

	 Extremity Pain 
	 Extremity Pain 
	14 (9) 
	0 
	0 
	0

	 Bone Pain 
	 Bone Pain 
	11 (7) 
	0 
	4 (2) 
	0

	 Back Pain 
	 Back Pain 
	10 (6) 
	0 
	1 (0.6) 
	0 

	Nervous System Disorders
	Nervous System Disorders

	 Dizziness 
	 Dizziness 
	12 (7) 
	0 
	2 (1) 
	0

	 Headache/Sinus Headache 
	 Headache/Sinus Headache 
	12 (7) 
	1 (0.6) 
	1 (0.6) 
	0 

	Renal Disorders
	Renal Disorders

	 Pollakiuria 
	 Pollakiuria 
	20 (12) 
	0 
	3 (2) 
	0

	 Urinary Tract Pain 
	 Urinary Tract Pain 
	13 (8) 
	1 (0.6) 
	2 (1) 
	1 (0.6)

	 Nocturia 
	 Nocturia 
	14 (9) 
	0 
	3 (2) 
	0 

	Skin Disorders
	Skin Disorders

	 Pruritus/Generalized Pruritus 
	 Pruritus/Generalized Pruritus 
	9 (6) 
	0 
	3 (2) 
	0 

	Vascular Disorders
	Vascular Disorders

	 Hot Flush/Flushing2 
	 Hot Flush/Flushing2 
	128 (79) 
	5 (3) 
	127 (78) 
	5 (3)

	 Hypertension/BP Increased 
	 Hypertension/BP Increased 
	10 (6) 
	1 (0.6) 
	0 
	0 


	With the 3 Month formulation, laboratories were obtained at baseline, 
	Figure
	Table
	TR
	3 Month Formulation N = 163 (%) 

	TR
	Grade 1-4 
	Grade 3-4 

	Hematology
	Hematology

	 Leukopenia 
	 Leukopenia 
	23 (14.1) 
	0

	 Neutropenia 
	 Neutropenia 
	14 (8.6) 
	0

	 Lymphopenia 
	 Lymphopenia 
	12 (7.4) 
	2 (1.2)

	 Anemia 
	 Anemia 
	60 (36.8) 
	0

	 Thrombocytopenia 
	 Thrombocytopenia 
	13 (8.0) 
	0 


	3 Month Formulation N = 163 (%) Grade 1-4 Grade 3-4 Chemistry Hyperglycemia 52 (31.9) 7 Increased Cholesterol 46 (28.2) 0 Increased Triglyceride 56 (34.4) 2 (1.2) Increased AST 22 (13.5) 0 Increased ALT 17 (10.4) 0 Increased Bilirubin 4 (2.5) 0 Increased Alkaline Phosphatase 10 (6.1) 1 (0.6) Increased Creatinine 19 (11.7) 0 Hypernatremia 8 (4.9) 4 (2.5) Hyponatremia 10 (6.1) 1 (0.6) Hyperkalemia 4 (2.5) 1 (0.6) Hypokalemia 5 (3.1) 0 Hypercalcemia 11 (6.7) 0 Increased Creatine Kinase 29 (17.8) 1 (0.6) 
	disease. Changes in vital signs did not contribute to the safety profile. seven on the 3 Month Formulation had a > 30 bpm difference between on-study and baseline heart rate. Most of the on-study heart rate were near the normal range. One patient on the 3 Month Formulation had a heart rate of 50 bpm and a pacemaker infection was reported. Systolic blood pressures > 160 (N=46) and diastolic blood pressures > 100 (N=4) during the treatment period were also examined. The majority of these patients had a histor
	Wave forms were not submitted for evaluation by QT-IRT. There were no eligibility requirements concerning the QT interval in either study. With the 3 Month Formulation, EKGs were obtained at Days 0, 28, 84, 112, and 168. Low testosterone levels have been associated with a 
	Figure
	Among the patients who received the 3 Month Formulation, nine patients were also found to have a QTcF interval > 500 ms during 
	Among the nine patients with a bone pain score > 5, four reported a related adverse 
	Figure
	Table
	TR
	Baseline 
	Day 2 
	Day 14 
	Day 28 
	Day 56 
	Day 84 
	Day 86 
	Day 112 
	Day 168 

	N 
	N 
	157 
	151 
	120 
	99 
	64 
	54 
	77 
	53 
	59 

	Score 
	Score 

	1 
	1 
	151 
	151 
	120 
	99 
	62 
	50 
	74 
	52 
	59 

	2 
	2 
	2 
	0 
	0 
	0 
	0 
	1 
	0 
	0 
	0 

	3 
	3 
	3 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	4 
	4 
	0 
	0 
	0 
	0 
	0 
	0 
	1 
	0 
	0 

	5 
	5 
	0 
	0 
	0 
	0 
	0 
	1 
	1 
	1 
	0 

	6 
	6 
	1 
	0 
	0 
	0 
	0 
	1 
	0 
	0 
	0 

	7 
	7 
	0 
	0 
	0 
	0 
	1 
	1 
	1 
	1 
	0 

	8 
	8 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	10 
	10 
	0 
	0 
	0 
	0 
	1 
	0 
	0 
	0 
	0 


	Figure
	Table
	TR
	Baseline 
	Day 2 
	Day 14 
	Day 28 
	Day 56 
	Day 84 
	Day 86 
	Day 112 
	Day 168 

	N 
	N 
	157 
	151 
	120 
	99 
	64 
	54 
	77 
	53 
	59 

	Score 
	Score 

	1 
	1 
	156 
	150 
	119 
	99 
	63 
	52 
	77 
	52 
	58 

	2 
	2 
	1 
	0 
	1 
	0 
	1 
	1 
	0 
	1 
	0 

	3 
	3 
	0 
	0 
	0 
	0 
	0 
	1 
	0 
	0 
	1 

	10 
	10 
	0 
	1 
	0 
	0 
	0 
	0 
	0 
	0 
	0 


	Figure
	Table
	TR
	Baseline 
	Day 2 
	Day 14 
	Day 28 
	Day 56 
	Day 84 
	Day 86 
	Day 112 
	Day 168 

	N 
	N 
	157 
	151 
	120 
	99 
	64 
	54 
	77 
	53 
	59 

	Score 
	Score 

	1 
	1 
	140 
	136 
	107 
	90 
	59 
	47 
	72 
	48 
	54 

	2 
	2 
	2 
	2 
	3 
	3 
	3 
	4 
	3 
	3 
	2 

	3 
	3 
	4 
	6 
	3 
	0 
	0 
	1 
	0 
	1 
	0 

	4 
	4 
	2 
	1 
	1 
	1 
	1 
	1 
	0 
	0 
	0 

	5 
	5 
	6 
	4 
	5 
	2 
	1 
	1 
	2 
	0 
	0 

	6 
	6 
	2 
	1 
	1 
	1 
	0 
	0 
	0 
	1 
	2 

	7 
	7 
	1 
	0 
	0 
	1 
	0 
	0 
	0 
	0 
	1 

	8 
	8 
	0 
	0 
	0 
	1 
	0 
	0 
	0 
	0 
	0 

	10 
	10 
	0 
	1 
	0 
	0 
	0 
	0 
	0 
	0 
	0 


	The tables below provide information on the incidence of AEs that occurred in > 10% of the population by race and age. 
	Table
	TR
	White N = 243 (%) 
	Other N = 80 (%) 

	All 
	All 
	213 (88) 
	77 (96)

	 Arthralgia/Arthritis 
	 Arthralgia/Arthritis 
	24 (10) 
	11 (14)

	 Asthenia/Fatigue/Malaise 
	 Asthenia/Fatigue/Malaise 
	39 (16) 
	9 (11)

	 Hot Flush/Flushing 
	 Hot Flush/Flushing 
	147 (60) 
	58 (73)

	 Injection Site Reaction 
	 Injection Site Reaction 
	42 (17) 
	12 (15) 


	Figure
	Table
	TR
	≥65 Years N = 246 
	< 65 Years N = 77 

	All 
	All 
	220 (89) 
	70 (91)

	 Arthralgia/Arthritis 
	 Arthralgia/Arthritis 
	24 (10) 
	11 (14)

	 Asthenia/Fatigue/Malaise 
	 Asthenia/Fatigue/Malaise 
	35 (14) 
	13 (17)

	 Hot Flush/Flushing 
	 Hot Flush/Flushing 
	159 (65) 
	46 (60)

	 Injection Site Reaction 
	 Injection Site Reaction 
	40 (16) 
	14 (18)


	Periodic Safety Update Reports for Lutrate Depot 22.5 mg from August 2012 to July 2017 and August 2017 to June 2018 were reviewed. 8,138 patient-years of exposure to the 22.5 mg product. 
	Outside the US, 
	Figure
	FDA made revisions throughout the Lutrate labeling based on the most current efficacy and safety information available for leuprolide acetate for depot suspension products. 
	Figure
	treatment-emergent and treatment-related 
	treatment-emergent and treatment-related 
	treatment-emergent and treatment-related 

	ARs with an incidence of > 5%. Based on FDA 
	ARs with an incidence of > 5%. Based on FDA 

	safety review, Table 1 was revised to add ARs 
	safety review, Table 1 was revised to add ARs 

	for upper respiratory tract infection, diarrhea, 
	for upper respiratory tract infection, diarrhea, 

	arthralgia/arthritis, constipation, extremity 
	arthralgia/arthritis, constipation, extremity 

	pain, nocturia, abdominal pain/discomfort, 
	pain, nocturia, abdominal pain/discomfort, 

	urinary tract infection, dizziness, headache, 
	urinary tract infection, dizziness, headache, 

	back pain, hypertension, and pruritus. 
	back pain, hypertension, and pruritus. 

	The incidence rates for treatment-emergent 
	The incidence rates for treatment-emergent 

	and treatment related ARs were also revised 
	and treatment related ARs were also revised 

	based on FDA safety analysis. 
	based on FDA safety analysis. 

	FDA added a statement to identify erectile 
	FDA added a statement to identify erectile 

	dysfunction and testicular atrophy ARs that 
	dysfunction and testicular atrophy ARs that 

	occurred in the study. 
	occurred in the study. 

	6. 
	6. 
	Adverse 
	6.2 Postmarketing 
	FDA revised the proposed ARs to add 

	TR
	Reactions 
	Experience 
	anaphylaxis, depression, pneumonitis, and 

	TR
	interstitial lung disease. 


	FDA removed 
	FDA removed 
	Populations 11. Description 14. Clinical Studies Males of Reproductive Potential 14.1 LUTRATE DEPOT 22.5 mg for 3-Month Administration this labeling: "Based on findings in animals and mechanism of action, LUTRATE DEPOT may impair fertility in males of reproductive potential [see Nonclinical Toxicology (13.1}}." FDA revised the Description section to provide the leuprolide acetate molecular weight as a free base, additional product characteristics, and route of administration. FDA revised the study descripti
	Figure
	Figure
	Was a list of clinical investigators provided: 
	Was a list of clinical investigators provided: 
	Was a list of clinical investigators provided: 
	Yes 
	No (Request list from Applicant) 

	Total number of investigators identified: 29 principal investigators from sites that enrolled 
	Total number of investigators identified: 29 principal investigators from sites that enrolled 

	Number of investigators who are Sponsor employees (including both full-time and part-time employees): 0 
	Number of investigators who are Sponsor employees (including both full-time and part-time employees): 0 

	Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 0 
	Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 0 

	If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 54.2(a), (b), (c) and (f)): Compensation to the investigator for conducting the study where the value could be influenced by the outcome of the study: Significant payments of other sorts: Proprietary interest in the product tested held by investigator: Significant equity interest held by investigator in S Sponsor of covered stud
	If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 54.2(a), (b), (c) and (f)): Compensation to the investigator for conducting the study where the value could be influenced by the outcome of the study: Significant payments of other sorts: Proprietary interest in the product tested held by investigator: Significant equity interest held by investigator in S Sponsor of covered stud

	Is an attachment provided with details of the disclosable financial interests/arrangements: 
	Is an attachment provided with details of the disclosable financial interests/arrangements: 
	Yes 
	No (Request details from Applicant) 

	Is a description of the steps taken to minimize potential bias provided: 
	Is a description of the steps taken to minimize potential bias provided: 
	Yes 
	No (Request information from Applicant) 

	Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 
	Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 

	Is an attachment provided with the reason: 
	Is an attachment provided with the reason: 
	Yes 
	No (Request explanation from Applicant) 


	Calibrated Range 
	Calibrated Range 
	Calibrated Range 
	0.050 – 2.00 ng/mL 

	Defined LLOQ 
	Defined LLOQ 
	0.100 ng/mL 

	Defined ULOQ 
	Defined ULOQ 
	1.75 ng/mL 

	Inter-assay Accuracy [bias %] 
	Inter-assay Accuracy [bias %] 
	Between -3.4% and 11.6% 

	Inter-assay Precision [CV%] (ICH: Intermediate Precision) 
	Inter-assay Precision [CV%] (ICH: Intermediate Precision) 
	Between 3.70% and 11.3% 

	Intra-assay Accuracy [bias%] 
	Intra-assay Accuracy [bias%] 
	Between -13.7% and 27.6% 

	Intra-assay Precision [CV%] (ICH: Repeatability) 
	Intra-assay Precision [CV%] (ICH: Repeatability) 
	Between 0.433% (VSULOQ 2.00 ng/mL) and 10.7% 


	Figure
	Figure
	Validated Parameter 
	Validated Parameter 
	Validated Parameter 
	Testosterone 

	Calibration Range (ng/mL) 
	Calibration Range (ng/mL) 
	0.250 – 10.0 

	LLOQ (ng/mL) 
	LLOQ (ng/mL) 
	0.250 

	R2 (overall mean) 
	R2 (overall mean) 
	0.99810 

	Inter-run precision* (%CV) 
	Inter-run precision* (%CV) 
	2.9 to 4.2 

	Inter-run accuracy* (%Bias) 
	Inter-run accuracy* (%Bias) 
	5.8 

	Intra-run precision* (%CV) 
	Intra-run precision* (%CV) 
	0.8 to 2.6 

	Intra-run accuracy* (%Bias) 
	Intra-run accuracy* (%Bias) 
	10.6 

	Selectivity 
	Selectivity 
	No problem 

	Matrix test 
	Matrix test 
	No problem 

	Stability in Plasma at room temperature 
	Stability in Plasma at room temperature 
	At least 24 hours 

	Stability after 3 Freezing/Thawing cycles 
	Stability after 3 Freezing/Thawing cycles 
	No problem 

	Stability of extracts of samples in a refrigerator (5oC ± 3oC) 
	Stability of extracts of samples in a refrigerator (5oC ± 3oC) 
	At least 72 hours 

	Stability of prepared samples at room temperature 
	Stability of prepared samples at room temperature 
	At least 24 hours 

	Stability of prepared samples under autosampler conditions (~10oC) 
	Stability of prepared samples under autosampler conditions (~10oC) 
	At least 72 days 

	Stability of prepared samples in a refrigerator (5oC ± 3oC) 
	Stability of prepared samples in a refrigerator (5oC ± 3oC) 
	At least 72 days 

	Stability in plasma -20oC ± 5oC 
	Stability in plasma -20oC ± 5oC 
	At least 15 days 

	Stability of analyte in stock solution 
	Stability of analyte in stock solution 
	490 days at 5oC ± 3oC/6h at RT 

	Stability of analyte in working solution 
	Stability of analyte in working solution 
	490 days at 5oC ± 3oC/6h at RT 

	Stability of I.S. in the stock solution 
	Stability of I.S. in the stock solution 
	496 days at 5oC ± 3oC/6h at RT 

	Stability of I.S. in the working solution 
	Stability of I.S. in the working solution 
	15 days at 5oC ± 3oC/6h at RT 

	Recovery 
	Recovery 
	79% for analyte and IS 

	Matrix Effect 
	Matrix Effect 
	No effect observed 

	Dilution procedures 
	Dilution procedures 
	4-fold 


	Validated Parameter 
	Validated Parameter 
	Validated Parameter 
	Modified Method (masstransition 289 -> 109) 
	Original Method (masstransition 289 ->97) 

	Inter-run precision 
	Inter-run precision 
	cv = 2.0% to 14.5% 
	cv = 2.2% to 10.7% 

	Inter-run accuracy 
	Inter-run accuracy 
	bias = -4.3 to -1.8% 
	bias = -4.9 to 4.4% 

	Intra-run precision 
	Intra-run precision 
	cv = 1.5% to 8.2% 
	cv = 0.6% to 10.6% 

	Intra-run accuracy 
	Intra-run accuracy 
	bias = -3.7 to 8.2% 
	bias = -3.6 to 1.8% 

	Out of range dilution (DF= 4) 
	Out of range dilution (DF= 4) 
	cv = 1.5% 
	cv = 1.5% 

	Out of range dilution (DF= 4) 
	Out of range dilution (DF= 4) 
	bias = -6.2 
	bias = -8.2 

	Selectivity 
	Selectivity 
	acceptance criteria 
	acceptance criteria 

	Matrix effect (IS-normalized) 
	Matrix effect (IS-normalized) 
	1.0155 (cv < 15.0%) 
	1.0131 (cv < 15.0%) 
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	Date 
	Date 
	Date 
	( electrnnic stamp) 

	From 
	From 
	Geoffrey Kim, MD 

	Subject 
	Subject 
	Division Director Summaiy Review 

	NDA/BLA # 
	NDA/BLA # 
	205054/0 

	Supplement # 
	Supplement # 

	Applicant Name 
	Applicant Name 
	GP Phan n, S.A. 

	Date ofSubmission 
	Date ofSubmission 
	July 31, 2014 

	PDUFA Goal Date 
	PDUFA Goal Date 
	May 31, 2015 

	Proprietary Name I 
	Proprietary Name I 
	Lutrnte Depot/leuprolide acetate 

	Established (USAN) Name 
	Established (USAN) Name 

	Dosa2e Forms I Stren2th 
	Dosa2e Forms I Stren2th 
	I 
	tbll"~22.5 mg for intramusculai· injection 

	Proposed Indication(s) 
	Proposed Indication(s) 
	Palliative treatment of advanced prostate cancer 

	Action/Recommended Action for 
	Action/Recommended Action for 
	Complete Response 

	NME: 
	NME: 


	Material Reviewed/Consulted OND Action Package, including: 
	Material Reviewed/Consulted OND Action Package, including: 
	Material Reviewed/Consulted OND Action Package, including: 
	Names ofdiscipline reviewers 

	Medical Officer Review 
	Medical Officer Review 
	Y angmin M Ning 

	Statistical Review 
	Statistical Review 
	Hui Zhang 

	Phaimacology Toxicolo12.v Review 
	Phaimacology Toxicolo12.v Review 
	Eias Zahalka 

	CMC Review/OBP Review 
	CMC Review/OBP Review 
	Li-Shan Hsieh 

	Microbiolo!N Review 
	Microbiolo!N Review 
	Neal Sweeny 

	Clinical Phaimacolo!N Review 
	Clinical Phaimacolo!N Review 
	Pengfei Song 

	OSI 
	OSI 
	Lauren Iacono-Conners 

	CDTLReview 
	CDTLReview 
	Virginia Ellen Maher 

	Biophan naceutics Review 
	Biophan naceutics Review 
	Sandra Suarez Shai-p 


	Figure
	Figure
	Assessment recommends withhold for the following reasons: 
	Figure
	from that of the applicant in that all available testosterone levels between Days 28 and 168 
	Figure
	Date 
	Date 
	Date 
	May 28, 2015 

	From 
	From 
	Virginia Ellen Maher, M.D. Lutrnte Depo{ tbll.il~ 22.5 mg 

	Subject 
	Subject 

	NDA/BLA # Supplement# 
	NDA/BLA # Supplement# 
	205054/0 

	Aoolicant 
	Aoolicant 
	GP Phan n, S.A. 

	Date ofSubmission 
	Date ofSubmission 
	March 18, 2014 

	PDUFA Goal Date 
	PDUFA Goal Date 
	May 31, 2015 

	Proprietary Name I Established (USAN) names 
	Proprietary Name I Established (USAN) names 
	Lutrnte Depot/leuprolide acetate I tbll.il~ 22.5 mg for intramuscular injection Palliative treatment of advanced prostate cancer 

	Dosage forms I Strength Proposed Indication(s) 
	Dosage forms I Strength Proposed Indication(s) 

	Recommended: 
	Recommended: 
	Complete Response 


	Date 
	Date 
	Date 
	December 17, 2014 

	From 
	From 
	Virginia Ellen Maher, M.D. Lutrnte Depotl tbll.il~ 22.5 mg

	Subject 
	Subject 

	NDA/BLA# Supplement# 
	NDA/BLA# Supplement# 
	205054/0 

	Aoolicant 
	Aoolicant 
	GP Phan n, S.A. 

	Date ofSubmission 
	Date ofSubmission 
	March 18, 2014 

	PDUFA Goal Date 
	PDUFA Goal Date 
	May 31, 2015 

	Proprietary Name I Established (USAN) names 
	Proprietary Name I Established (USAN) names 
	Lutrnte Depot/leuprolide acetate I tbll.il~ 22.5 mg for intramuscular injection Palliative treatment ofadvanced prostate cancer 

	Dosage forms I Strength Proposed Indication(s) 
	Dosage forms I Strength Proposed Indication(s) 

	Recommended: 
	Recommended: 
	Complete Response 
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	Table
	TR
	Table 3: 3 Month Formulation-Pharmacokinetic Parameters 

	TR
	Cmax (ng/mL) 
	Tmax (days) 
	AUC0-t (ng/mL·hr) 

	Days 1-84 
	Days 1-84 
	46.8 + 18.0 
	0.1 + 0.1 
	1,696.7 + 963.5 

	Days 84-168 
	Days 84-168 
	48.3 + 18.6 
	0.1 + 0.1 
	2,328.8 + 1,134.0 


	Figure
	Figure
	In this review,  a discussion of the study design and efficacy of the 3 month, 22.5 mg formulation. In the Safety Review, the 3 month formulations will be discussed . 
	Figure
	Day 86. These samples will assess the acute-on-chronic effect of study drug. o Samples were stored at < -200 C at and then shipped to for the testosterone assay. The testosterone assay used liquid chromatography and mass spectroscopy. The lower limit of quantitation was 
	Table 5: 3 Month Fo1mulation-Primarv Analysis Applicant's Analysis N = 161 Percentage with Castrate Testosterone Levels 98.1% (95% CI) (94.7, 99.6) 
	Table 5: 3 Month Fo1mulation-Primarv Analysis Applicant's Analysis N = 161 Percentage with Castrate Testosterone Levels 98.1% (95% CI) (94.7, 99.6) 
	Table 5: 3 Month Fo1mulation-Primarv Analysis Applicant's Analysis N = 161 Percentage with Castrate Testosterone Levels 98.1% (95% CI) (94.7, 99.6) 
	FDA Analysis N = 162 83.9% (77.3, 88.8) 
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	Table 7: 3 Month Fonnulation-Trea
	Table 7: 3 Month Fonnulation-Trea
	Table 7: 3 Month Fonnulation-Trea
	tment Emergent Adverse Ev
	ents in > 10% ofPatients 

	TR
	Treatment Emergent N = 163 
	Treatment Related N = 163 

	TR
	Grade 1-4 
	Grade 3 
	Grade 1-4 
	Grade 3 

	Vascular Disorders 
	Vascular Disorders 

	Flushing/Hot Flush 
	Flushing/Hot Flush 
	126 (77%) 
	5 (3%) 
	125 (77%) 
	5 (3%) 

	General Disorders 
	General Disorders 

	Fatim1e/ Asthenia 
	Fatim1e/ Asthenia 
	24 (15%) 
	1 (0.6%) 
	22 
	1 (0.6%) 

	Injection Site Pain/Discomfort 
	Injection Site Pain/Discomfort 
	18(11%) 
	0 
	15 (9%) 
	0 

	Gastrointestinal Disorders 
	Gastrointestinal Disorders 

	Dianhea 
	Dianhea 
	21 (13%) 
	2 (1%) 
	2 (1%) 
	0 

	Renal and Urinaiy Disorders 
	Renal and Urinaiy Disorders 

	Pollakiuria 
	Pollakiuria 
	20 (12%) 
	0 
	4 (2%) 
	0 

	Musculoskeletal Disorders 
	Musculoskeletal Disorders 

	Arthralgia 
	Arthralgia 
	18(11%) 
	0 
	2 (1%) 
	0 


	Evidence and Uncertainties 
	Evidence and Uncertainties 
	Evidence and Uncertainties 
	Conclusions and Reasons 

	Analysis of Condition 
	Analysis of Condition 
	Although the requested indication 
	Metastatic prostate cancer is a 

	TR
	is palliative treatment of advanced 
	lethal disease. 

	TR
	prostate cancer, GnRH agonists are 

	TR
	used in patients with localized or 

	TR
	metastatic prostate cancer. While a 

	TR
	number of treatments are approved 

	TR
	for use in prostate cancer, 

	TR
	metastatic prostate cancer remains a 

	TR
	lethal disease. 

	Current Treatment 
	Current Treatment 
	A substantial number of GnRH 
	While new treatments are 

	Options 
	Options 
	agonists are currently approved for 
	needed for metastatic prostate 

	TR
	the treatment of prostate cancer. 
	cancer, Lutrate does not 

	TR
	represent an improvement over 

	TR
	existing therapy. 


	approved products. 
	Table
	TR
	maintained castrate testosterone levels from Day 28-168 
	Given the substantial number of treatments available that are able to maintain castrate testosterone levels at these time points, Lutrate should not be approved. 

	Risk 
	Risk 
	The adverse event profile of Lutrate is comparable to other GnRH agonists. There were few grade 3 or serious adverse events and the adverse event profile is best characterized in terms of the common adverse events. 
	The adverse event profiles of Lutrate 3 month are acceptable. 

	TR
	! Adverse events in > 10% of patients receiving Lutrate 3 month include hot flush, fatigue/asthenia, injection site pain/discomfort, diarrhea, pollakiuria, and arthralgia. 

	Risk Management 
	Risk Management 
	Lutrate has not demonstrated adequate efficacy (see Benefit above). 
	Lutrate has not demonstrated an acceptable risk-benefit profile and a complete response letter will be sent. 


	Application number: 
	Application number: 
	Application number: 
	205054 

	Supporting document/s: 
	Supporting document/s: 
	4 

	Applicant’s letter date: 
	Applicant’s letter date: 
	07/29/2014 

	CDER stamp date: 
	CDER stamp date: 
	07/31/2014 

	Product: 
	Product: 
	Lutrate Depot 
	22.5 mg) 


	Lupron Depot (FDA-approved) 
	developed 
	developed 
	developed 
	~ 
	Lutrate Depot sustained-release 
	ltiHil ntended for the palliative 

	treatment of patients with advanced prostate cancer. 
	treatment of patients with advanced prostate cancer. 
	~ 
	intended to be 

	administered intramuscularly to the patient 
	administered intramuscularly to the patient 
	ltiH" 
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	INGREDIENT Active lnaredient 
	INGREDIENT Active lnaredient 
	INGREDIENT Active lnaredient 
	QUANTITY(b)(4) LUTRATE 22.5 mg 
	FUNCTION 
	REFERENCE TO STANDARDS 

	Leuprolide Acetate2 
	Leuprolide Acetate2 
	22.5 mg 
	Active Ingredient 
	Ph Eur• 

	~pients PLA 
	~pients PLA 
	(b)(4 (b)(4 
	(b)(4 
	In · House In · House 

	Triethyl citrate (TEC) 1 I I Mannitol 
	Triethyl citrate (TEC) 1 I I Mannitol 
	88.4 mg 
	Ph Eur/USP• Ph Eurtusp· 

	Carmellose Sodium 
	Carmellose Sodium 
	25.0 mg 
	Ph Eur/USP' 

	Polysorbate 80 
	Polysorbate 80 
	3.8 mg 
	Ph Eur/NF* 

	Current Ed1t1on 
	Current Ed1t1on 


	Figure
	marketed drug Procrin De 
	marketed drug Procrin De 
	marketed drug Procrin De 
	ot 
	(Euroi:iean trademark of listed drug, Lui:iron Dei:iot®) was 

	conducted. 
	conducted. 
	~ 

	TR
	(4 

	TR
	) 


	Study# 
	Study# 
	Study# 
	Study Title 
	Reviewed 

	Full 
	Full 
	Summarized 

	Pharmacodynamic 
	Pharmacodynamic 

	s34055 
	s34055 
	Leuprolide acetate 22.5 mg Depot GP-Pharm (Lot # 10603-1 ). Testosterone Profile in Beagle Dogs Following a Single Dose Intramuscular Administration of Slow Release Leuprolide Formulation 
	x 

	s32312 
	s32312 
	Leuprolide acetate 22.5 mg Depot GP-Pharm (Lot # 10311-1 ). Testosterone Profile in Beagle Dogs Following a Single Dose Intramuscular Administration of Slow Release Leuprolide Formulation 
	x 

	TR
	(bJl.il' 


	Table
	TR
	TH
	Figure


	IQ13-00180-PD 
	IQ13-00180-PD 
	Testosterone profile in beagle dogs following a single dose intramuscular administration of slow release Leuprolide formulation. 
	Not Reviewed 

	GPLP3M­VAL14001 
	GPLP3M­VAL14001 
	Validation of the Beagle dog model to predict efficacy of Leuprolide depot formulations in humans 
	Not Reviewed 

	CD059817FC 
	CD059817FC 
	Testosterone profile in beagle dogs following single dose intramuscular administration of Leuprolide 
	Not Reviewed 

	Pharmacokinetic 
	Pharmacokinetic 

	CRO-01-30 
	CRO-01-30 
	Leuprolide: Pharmacokinetic and pharmacodynamic bioequivalence of a new microcapsule Leuprolide 7.5 mg formulation versus Procrin® 7.5 mg (Abbott) in the beagle dog following intramuscular administration 
	X 

	s13-087 
	s13-087 
	Leuprolide levels determination by RIA in dog plasma from PK/PD study IQ13-00180 (method development) 
	Not Reviewed 

	RA-284 
	RA-284 
	Determination of Leuprolide in dog plasma samples by RIA 
	Not Reviewed 

	GP-IP3M-PK 
	GP-IP3M-PK 
	Leuprolide profile in beagle dogs following a single dose intramuscular administration of slow release leuprolide formulation 
	X 

	UA037 
	UA037 
	Determination of leuprolide in dog plasma samples by RIA 
	Not Reviewed 

	Toxicology Studies 
	Toxicology Studies 

	s27520 
	s27520 
	28-Day Intramuscular Toxicity Study in the Rat for Triethyl Citrate (excipient in the Leuprolide Depot) 
	X 

	FCIL005FT 
	FCIL005FT 
	Local toxicity study (28 days) after single intramuscular administration in the rabbit of Placebo vLP1m 
	Not Reviewed 

	FCI0812FT 
	FCI0812FT 
	28 Days Intravenous Toxicity Study In The Rat for Docetaxel-Patented GP-Pharm Formulation Vehicle 
	Not Reviewed 

	IQ13-00180 
	IQ13-00180 
	Leuprolide acetate 22.5 mg Depot GP-Pharm. PK/PD study of leuprolide in Beagle dogs following a single dose IM administration of Slow Release Leuprolide 
	Not Reviewed 


	Formulation. Administration and blood extraction. 
	Figure
	Study title: Leuprolide acetate 22.5 mg Depot GP-Pharm. Testosterone Profile in Beagle Dogs Following a Single Dose Intramuscular Administration of Slow Release Leuorolide Formulation Study no.: s34055 and s32312 Objective: To investigate the activity of two lots of Leuprolide acetate 22.5 mg depot GP-Pharm ( 10603-1 and 1031 1-1 ) in the suppression of Qlasma testosterone levels in Beagle dogs Conducting laboratory and location: lti)(4 Date of study initiation: Was not provided Experimental startinQ Date: 
	Study title: Leuprolide acetate 22.5 mg Depot GP-Pharm. Testosterone Profile in Beagle Dogs Following a Single Dose Intramuscular Administration of Slow Release Leuorolide Formulation Study no.: s34055 and s32312 Objective: To investigate the activity of two lots of Leuprolide acetate 22.5 mg depot GP-Pharm ( 10603-1 and 1031 1-1 ) in the suppression of Qlasma testosterone levels in Beagle dogs Conducting laboratory and location: lti)(4 Date of study initiation: Was not provided Experimental startinQ Date: 
	Study title: Leuprolide acetate 22.5 mg Depot GP-Pharm. Testosterone Profile in Beagle Dogs Following a Single Dose Intramuscular Administration of Slow Release Leuorolide Formulation Study no.: s34055 and s32312 Objective: To investigate the activity of two lots of Leuprolide acetate 22.5 mg depot GP-Pharm ( 10603-1 and 1031 1-1 ) in the suppression of Qlasma testosterone levels in Beagle dogs Conducting laboratory and location: lti)(4 Date of study initiation: Was not provided Experimental startinQ Date: 


	Methods: Doses/ Number/Sex/Group: Route/Frequency of dosinQ: Dose volume: FormulationN ehicle: Species/Strain: AQe: Weight: End points evaluated: Deviation from study protocol: 
	Methods: Doses/ Number/Sex/Group: Route/Frequency of dosinQ: Dose volume: FormulationN ehicle: Species/Strain: AQe: Weight: End points evaluated: Deviation from study protocol: 
	Methods: Doses/ Number/Sex/Group: Route/Frequency of dosinQ: Dose volume: FormulationN ehicle: Species/Strain: AQe: Weight: End points evaluated: Deviation from study protocol: 
	1.186 mg/kg; 4-6 males/ one Group Intramuscularly (i.m.; rear leg); single dose 0.1054 mUkg The powder contained in the test article vial was reconstituted with 2 ml of 0.8% Mannitol solution Beagle dogs 2 -5 years 11.64-18.02 kg • Clinical observations (frequency of observations was not listed in the report) • Testosterone level: Pre-dose (Day 0), 3 and 6 hours post-dose, 1, 2, 3, 4, 14, 21 , 28, 42, 56, 70, 84, 98, 112, 126, 140, 154 and 168 days post-dose. Blood was collected between 8-11 am except on do
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	8. Pharmacokinetics 
	Study #:GP-LP3M­
	Study #:GP-LP3M­
	Study #:GP-LP3M­
	Title: Leuprolide profile in beagle dogs following a single dose intramuscular administration of slow release leuprolide formulation 

	PK 
	PK 
	GLP: Yes 

	TR
	20 

	Reference ID: 3740332 
	Reference ID: 3740332 


	Figure
	(excerpted from Applicant’s report) 
	(excerpted from Applicant’s report) 


	Table
	TR
	Batch 10603-1 (excerpted from Applicant’s report) Batches 21022-1, 21108-1, 21111-1 After dose administration Leuprolide levels peaked followed by a decline in levels reaching values of approximately 1000 pg/mL by Day 21.  These levels were maintained until day 112. (excerpted from Applicant’s report) 


	Doses/ Number/Sex/Group: 
	Doses/ Number/Sex/Group: 
	Doses/ Number/Sex/Group: 

	Route and frequency: 
	Route and frequency: 
	Intramuscular injection; once daily for 28 days (Groups 1 and 2) and single dose (Groups 3 -5) 

	Dose volume: 
	Dose volume: 
	0.15 mL/kg (Groups 1 and 2) and 0.25mL/kg (Groups 3 ­5) 

	Formulation/Vehicle: 
	Formulation/Vehicle: 
	The test article was supplied as a solution ready to use at three concentrations (0.11, 1.9 and 9.68 mg/mL) 

	Sex/Species/Strain: 
	Sex/Species/Strain: 
	Male and female WIST rats 

	Age/Weight: 
	Age/Weight: 
	5-7 weeks (males) and 6-9 weeks (females); 155-193 g (males) and 130-152 g (females) 

	Endpoints evaluated: 
	Endpoints evaluated: 
	Mortalities, clinical signs, body weight, food consumption, ophthalmology, hematology, coagulation, chemistry, urinalysis, organ weights, macroscopic and microscopic evaluations (all groups). Histopathology peer review was not conducted. 

	Deviation from study protocol: 
	Deviation from study protocol: 
	None of the deviations affected the integrity or interpretability of the study. 


	Application Type 
	Application Type 
	Application Type 
	NOA 

	Submission Number 
	Submission Number 
	205054 

	Submission Code 
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	Clinical Reviewer 
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	CDTL 
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	Gonadotropin releasing hormone 
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	Commonly Used Abbreviations in the Review 
	Abbreviation 
	Abbreviation 
	Abbreviation 
	Full Term 

	ADT 
	ADT 
	Androgen Deprivation Therapy 

	AE 
	AE 
	Adverse Event 

	CRF 
	CRF 
	Case Report Form 

	ECG 
	ECG 
	Electrocardiogram 

	PP 
	PP 
	Per Protocol 

	GnRH 
	GnRH 
	Gonadotropin Releasing Hormone 

	ITT 
	ITT 
	Intent-to-Treat 

	PSA 
	PSA 
	Prostate Specific Antigen 

	PK 
	PK 
	Pharmacokinetics 

	SAE 
	SAE 
	Serious Adverse Event 

	TEAE 
	TEAE 
	Treatment-Emergent Adverse Event 

	TRAE 
	TRAE 
	Treatment-Related Adverse Event 
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	1. Recommendations/Risk Benefit Assessment 
	1.1 Recommendation on Regulatory Action 
	This combined clinical and statistical review of NOA 205054 for Lutrate 
	22.5 mg reveals inadequate evidence to support the proposed use <n" and, therefore, recommends that this NOA 
	11

	---~~~~~~~~~-
	-

	not be approved. 
	Additional clinical studies with acceptable quality Lutrate formulations should be conducted to demonstrate the effectiveness <bn"in patients with advanced prostate cancer. 
	1 

	1.2 Risk Benefit Analysis 
	The benefit risk analysis of this NOA was based on the review findings from 
	clinical studies conducted <liJ<" in patients with 
	prostate cancer. (blfStudy 
	4 

	GP/C/05/PRO for Lutrate 22.5 mg. lb><was designed to investigate 
	4 

	the efficacy and safety of the <b><formulation. The primary 
	4 

	endpoint <bn"was the proportion of patients who achieved (at Day 
	1 

	28) and maintained castrate levels of testosterone from Day 28 through Day 
	168 (See Section 5.3 for details). Determination of castration in each study 
	patient was based on blood testosterone levels measured in a central 
	laboratory. 
	7 
	NDA 205054: Lutrnte Depot 
	---~~~~~~~~~~~~-
	-

	Study GP/C/05/PRO had 163 patients enrolled, with 162 evaluable for assessment of the primary endpoint. Eleven percent of the enrolled patients had metastatic prostate cancer. By Day 28, castration was achieved in 96.9% (95% Cl: 92.9%; 99.0%) of the evaluable patients. From Day 28 through Day 156, castration was maintained in 83.9% (95% Cl: 77.3%, 88.8%) of the evaluable patients. This castration maintenance rate was also based on a Kaplan-Meier analysis in which detected testosterone surges and missing dat
	The commonly observed adverse events >1" were hot flushes, arthralgia, fatigue, injection site pain or discomfort, headache, and diarrhea. The majority of the adverse events were mild or moderate r
	16
	161
	4 

	-Grade 1-2 in Study GP/C/05/PRO. Important laboratory abnormalities were hyperglycemia, increases in hepatic transaminases and serum creatinine. The majority of the abnormalities were Grade 1-2. Severe hyperglycemia (Grade 3 or 4) was found in approximately 6% of patients in each study. The observed adverse events and laboratory abnormalities were consistent with the known safety profile of other GnRH analogs. 
	JTwere not efficacious 
	11
	4 

	---~~~~~~~~~~~~~~~~~~~
	-

	in maintaining castration during an approximately 5-month maintenance period. This was due primarily to a large number of testosterone surges that were detected after a repeat dose. Given the ~%overfi ll of study product in the clinical batches and the questionable dose uniformity in their manufacturing (Section 4.1 ), the detected testosterone surges may reflect issues concerning the product quality and/or leuprolide release equilibrium and efficiency from the suspension depots. Because of the CMC issues (
	-may not be simply by chance, but likely relates to the quality of each study product. Overall, the benefit 11>><could not be unvaryingly established with the submitted data. Additional clinical studies are needed should the identified CMC issues be addressed satisfactorily. 
	4 

	1.3 Recommendations for Risk Evaluation and Mitigation Strategies 
	None 
	8 
	8 

	Figure
	1.4. Recommendations on Post Marketing Requirements/Phase 4 Commitments 
	None 
	2 Introduction and Regulatory Background 
	2.1. Product Information 
	Lutrate Depot is a new microsphere formulation of leuprolide acetate, 
	manufactured by the applicant. In this NDA, 22.5 mg for 3-month administration. 
	Each vial of Lutrate Depot 22.5 mg was designed to deliver leuprolide acetate 
	reconstitution diluent, including mannitol (16 mg), water for injections USP, and sodium hydroxide and hydrochloric acid USP to control pH. 
	Reviewer’s Comments:
	(22.5 mg), PLA triethylcitrate (TEC) polysorbate 80 (3.8 mg), mannitol (88.4 mg) and carmellose sodium (25 mg). each vial is accompanied by a prefilled syringe and a transfer device containing a sterile needle. The prefilled syringe contains the 
	 the true quantity of leuprolide acetate contained in each vial is higher than the target dose as specified in the above product description. See Section 4.1 regarding the CMC concerns % overfill for the 22.5 mg formulation. The overfill also occurred in the clinical batches that were used in the clinical studies  Study GP/C/05/PRO for Lutrate 22.5 mg). 
	2.2. Tables of Currently Available Treatments for Proposed Indications 
	A number of GnRH analogs that have the same indication are available in the USA. Table 1 lists these analogs. 
	Table 1: FDA-Approved GnRH Analogs for Use in Patients with Advanced Prostate Cancer 
	9 
	9 

	---~~~~~~~~~~~~-
	-

	Class 
	Class 
	Class 
	Product Name 
	Year of Initial Approval 

	GnRH Receptor Agonist* 
	GnRH Receptor Agonist* 
	Leuprolide** Goserelin Triptorelin Histrelin 
	1985 1989 2000 2004 

	GnRH Receptor Antagonist 
	GnRH Receptor Antagonist 
	Degarelix 
	2008 

	* Products may have different formulations or delivery systems to achieve longer drug action (e.g., administered every 3, 4, 6or12 months). **Including leuprolide-based products approved under 505 (b) (2) such as Eligard. 
	* Products may have different formulations or delivery systems to achieve longer drug action (e.g., administered every 3, 4, 6or12 months). **Including leuprolide-based products approved under 505 (b) (2) such as Eligard. 


	2.3 Availability of Proposed Active Ingredient in the United States 
	Leuprolide acetate has been available since 1985. It is marketed under two < n" leuprolide acetate 7.5 mg is approve or montliTY8clmimstrat1on anal euJ:>rolide 
	brand names: Lupron and Eligard 
	11

	22.5 mg for administration every_ 3 months. .n" 
	111

	2.4 Important Safety Issues with Consideration to Related Drugs 
	In January of 201 1, all GnRH receptor agonists indicated for the treatment of 
	prostate cancer had the following labeling added to their Warnings and 
	Precautions: 
	• .
	• .
	• .
	Hyperglycemia and Diabetes: Hyperglycemia and an increased risk of developing diabetes have been reported in men receiving GnRH analogs. Monitor blood glucose level and manage according to current clinical practice. 

	• .
	• .
	Cardiovascular Diseases: Increased risk of developing myocardial infarction, sudden cardiac death and stroke has been reported in association with use of GnRH analogs in men. Monitor for cardiovascular disease and manage according to current clinical practice 


	Recently, the following warning was added to all GnRH analogs as another labeling change. 
	IO 
	---~~~~~~~~~~~~-
	-

	• .Effect on QT/QTc Interval: Androgen deprivation therapy may prolong the QT interval. Consider risks and benefits. 
	2.5 .Summary of Presubmission Regulatory Activity Related to .Submission .
	Key pre-submission regulatory activities related to this NOA are summarized in Table 2. 
	Table 2: Key Regulatory Activities for the GP-Pharm Leuprolide Acetate Clinical Development 
	Milestone Date Clinical Comments ·1bll.ill 
	Table
	Study GP/C/05/PRO 
	Study GP/C/05/PRO 
	07/2011 
	A single-arm study of Lutrate 22.5 mg 

	for Lutrate (leuprolide 
	for Lutrate (leuprolide 
	-07/2014 
	(leuprolide acetate 22.5 mg) in patients with 

	acetate 22.5 mg) 
	acetate 22.5 mg) 
	histologically proven carcinoma of the 

	conducted 
	conducted 
	prostate. For its efficacy claim, the statistical 

	TR
	plan assumed that at least 93% of patients 

	TR
	maintained castration. 


	II 
	NDA 205054: Lutrate Depot Submission of NDA 205054 for Lutrate (Leuprolide Acetate 22.5 mg) 07/31/2014 The NDA received “Standard” review. 
	2.6 Other Relevant Background Information 
	Androgen deprivation therapy remains the cornerstone of treatment for patients with metastatic prostate cancer. It can be achieved either surgically with bilateral orchiectomy or biochemically with drugs. The goal is to eliminate or persistently suppress the testicular synthesis of testosterone. Since leuprolide acetate was approved in 1985, use of a GnRH analog has become the most common approach to attain androgen deprivation. 
	Evaluation of the effectiveness of GnRH analogs has been based on their ability to achieve and maintain castration levels of testosterone (≤ 0.5 ng/mL), a surrogate endpoint that has been used for nearly two decades. For almost all approved GnRH receptor agonists, ≥90% of patients achieved and maintained castration from Day 28 to the study end. To assure the effectiveness of a GnRH analog, a lower 95% CI boundary of at least 87% of castration maintenance has been required since the regulation of GnRH analog
	1
	2 

	Table 3: Key Findings from Studies Supporting the Approvals of GnRH Analogs Since 2008 
	12 
	Figure
	GnRH Product (Approval Year) 
	GnRH Product (Approval Year) 
	GnRH Product (Approval Year) 
	Sampling time points for testosterone after Day 28 
	Inclusion of all available data* 
	Castration maintenance (95% CI) 
	Analysis with the KM method (N) 
	-


	Lupron (leuprolide) 45 mg q 6 mos (2011) 
	Lupron (leuprolide) 45 mg q 6 mos (2011) 
	Every 4 weeks and 2, 4, 8 hours after the second dose, followed by Days 1, 2, 7 and 14 thereafter 
	Yes 
	93.4% (89.2, 97.6) from Day 28 through 337 
	Yes (N=148) 

	Trelstar (triptorelin) 22.5 mg q 6 mos (2009) 
	Trelstar (triptorelin) 22.5 mg q 6 mos (2009) 
	Every 4 weeks and Day 3 after the second dose (in 50% of the patients) 
	Yes 
	93.5% (88.7, 99.8) From Day 57337 
	-

	Yes (N=120) 

	Degarelix 240 mg followed by 80 mg q 1 mo (2008) 
	Degarelix 240 mg followed by 80 mg q 1 mo (2008) 
	Every 4 weeks after each monthly dose 
	Yes 
	97.2% (93.5, 98.8) Day 28-364 
	Yes (N=207) 

	*Including testosterone surges that were treated as maintenance failures in the Kaplan-Meier (K-M) analysis. For each product’s castration maintenance rate, its lower bound of the 95% CI is shown in red. 
	*Including testosterone surges that were treated as maintenance failures in the Kaplan-Meier (K-M) analysis. For each product’s castration maintenance rate, its lower bound of the 95% CI is shown in red. 


	To reliably assess the rate of castration maintenance, testosterone surges (>0.5 ng/mL) detected throughout a study have been considered as treatment failures in the evaluation of GnRH analogs. This is particularly important for GnRH receptor agonists since these products attain castration by desensitizing the pituitary gland. A testosterone surge after Day 28 or after a repeat dose suggests that the gland may not have been sufficiently desensitized, but rather, remained sensitive to their agonistic stimula
	13 
	---~~~~~~~~~~~~...... 
	3 Ethics and Good Clinical Practices 
	3.1 Submission Quality and Integrity 
	The quality and integrity of the submitted datasets were found to be adequate 
	for this review. The submitted analysis datasets were in a "Listing form". There 
	< >r• in 
	were no "dataset definition" files for the tabulation datasets 
	11

	the initial submission. 
	suctocol aev1at1ons were conveyea to the applicant and were addressed acceptably. 
	nese issues along w1
	n as pro

	(bll' study reports considered how to handle missing testosterone data at Rey time points if the missing data was unrelated to study treatment, and excluded testosterone surges after a repeat dose from the primary endpoint analyses. This made interpretation of the applicant's efficacy analyses challenging. For instance, determination of whether a missing testosterone value was unrelated to study treatment can be very difficult in open-label single­arm studies. 
	In addition, there were numerous issues regarding the CMC process and drug specifications. See the final CMC review. 
	3.2 Compliance with Good Clinical Practices 
	Three clinic study sites (Table 4) were selected for inspections conducted by the Office of Scientific Investigation (OSI). Approximately 70% of patients enrolled in the two studies were from United States, making the conduct of domestic only inspections reasonable. The three selected sites had a large number of patients, accounting for 35% of the total patients from the USA. One site in South Carolina enrolled 18% of the patients for the two studies. 
	Based on the OSI inspection summary dated March 11, 2015, the data from the 
	three sites appear clinically reliable for the two studies. The classification for 
	clinical investigators Dr. Karlin and Dr. Shore (preliminary) is No Action 
	Indicated (NAI), whereas the classification for clinical investigator Dr. Belkoff is 
	Voluntary Action Indicated (VAi) since a number of minor record keeping issues 
	were identified from the inspection. For example, "a hot flash adverse event 
	m otners 
	< >< for Subject <1>ns , was evaluated as probably/likely 
	starting 
	11 
	6 

	related to the test article, but was reported to the sponsor in the eCRF as not related". The identified issues appear to be isolated for Dr. Belkoff's site and should not importantly impact the overall study safety assessment. 
	14 
	NDA 205054: Lutrnte Depot 
	--~~~~~~~~~~~~~~~
	-

	For details, see final OSI clinical inspection reports on the 3 sites. Table 4: Study Sites Selected for Inspection 
	Site # (Name,Address, Phone number, email, fax#) 
	Site # (Name,Address, Phone number, email, fax#) 
	Site # (Name,Address, Phone number, email, fax#) 
	Protocol ID 
	Number of Subjects 
	Indication/Pr imary endpoint and other endpoints for verification 


	1i>m 
	(6Jl.il ' 
	Site 1 Dr. Neal Shore Carolina Urologic Research Center. 823 82nd Parkway, Suite B. Myrtle Beach South Carolina, 29572 Tel: 843-449-1 010; Fax: 843-286-0119 e-mail: nshore~gsuro.com 
	Site 1 Dr. Neal Shore Carolina Urologic Research Center. 823 82nd Parkway, Suite B. Myrtle Beach South Carolina, 29572 Tel: 843-449-1 010; Fax: 843-286-0119 e-mail: nshore~gsuro.com 
	Site 1 Dr. Neal Shore Carolina Urologic Research Center. 823 82nd Parkway, Suite B. Myrtle Beach South Carolina, 29572 Tel: 843-449-1 010; Fax: 843-286-0119 e-mail: nshore~gsuro.com 
	GPIC/051PRO** 
	24 
	Blood sampling for sernm testosterone Protocol violations and repo1t ing of adverse reactions 

	Site 24 Dr. Laurence Belkoff Urologic Consultants at SE PA I Presidential Blvd, Suite I 00 BalaCynwyd Pennsylvania, 19004 Tel: +6106670458· Fax: +6106681548 
	Site 24 Dr. Laurence Belkoff Urologic Consultants at SE PA I Presidential Blvd, Suite I 00 BalaCynwyd Pennsylvania, 19004 Tel: +6106670458· Fax: +6106681548 
	GPIC/051PRO** 
	27 
	Blood sampling for sernm testosterone Protocol violations and repo1ting of adverse reactions 


	**GP/C/05/PRO: "Efficacy and Safety ofa New Leuprolide Acetate 22.5 mg Depot Formulation in the Treatment ofProstate Cancer" 
	The two study titles were based on the AJJJJlicant's orif!inal JJrotocols. 
	15 
	NDA 205054: Lutrnte Depot 
	---~~~~~~~~~~~~...... 
	In addition, the clinical pharmacology review ~am requested for an insQection 
	of the bioanalytical site where samples from .bll~ 
	4

	-.GP/C/05/PRO were analyzed for centra eterm1iiabon oftestasterone 
	~evels. This is important to assure that the quality of testosterone data as submitted is acceptable for efficacy analyses. Currently, results of this inspection are pending. Please see the final clinical pharmacology review regarding the inspection and its recommendation . 
	3.3 Financial Disclosures 
	An FDA Form 3454 was submitted to certify the financial interests and arrangement of the investigators involved in ltiH" Study GP/C/05/PRO. In the form, Antonio Parente Duefia, Chairman oi GP-Pharm S.A, certified that all the investigators had no financial conflict of interest based on their disclosed information. 
	Since a central laboratory was used to analyze serum testosterone levels, the investigator's financial conflicts of interest, if any, were less likely to affect the efficacy assessment of castration achievement and maintenance in the two studies. 
	4 .Significant Efficacy/Safety Issues Related to Other Review Disciplines 
	4.1 Chemistry Manufacturing and Controls 
	The CMC review team identified the following key issues about the quality of 
	ltiH" Lutrate j. These were based on the recent CMC review f1na1ngs. See the final Cl'VIC review and risk assessment of these issues along with other deficiencies. 
	1611

	16111611
	"
	"

	"The amount ofoverfillin .1with -1 
	22.5 mg, appears tci"be s1gmficanf/ylarger fflan lhe reqwre;r;e;:;t SP <1151> "slight excess to the labeled size or the volume that is to be withdrawn". In addition, the amount ofexci ients used in the formulation, 
	stated in U

	~§ ~~~ .~ 
	An overage 'u""122. 5 mg formulafton is noted when filrtnviarrneoose Dnfformdy appears to not be accurately controlled throughout manufactured batch of the product according to USP<905>". 
	"The overfilling and overage used (blT1 will affect the quality of final "intended use" with regard to aosage strength and purity". 
	16 
	Figure
	4.2 Recommendation from the Office of Compliance 
	The OC’s recommendation is classified as “Official Action Indicated” or to withhold this NDA. The recommendation is based on the findings of a routine pre-approval inspection. Total 11 verbal issues were conveyed to the applicant. Of them, the following are of particular concern to the clinical evaluations of the two formulations intended for marketing in the USA. 
	Figure
	See the final OC review of the inspection findings and its recommendation. 
	4.3 Product Proprietary Name 
	The applicant’s proposed proprietary name, Lutrate Depot, for its leuprolide 
	Figure
	Figure

	22.5 mg 
	 was reviewed by the Division of Medication Error Prevention and Analysis and found acceptable. 
	4.4 Clinical Pharmacology 
	The clinical pharmacology review team specified that based on the recent communication, there were no issues identified from the OSI bioanalytical assay inspection. The inspection report is expected to be available soon. 
	See details in the clinical pharmacology review. 
	5 Sources of Clinical Data 
	5.1 Tables of Clinical Studies 
	Table 5: Clinical Studies in Support of 
	Lutrate 
	Figure

	Figure
	Phase Study ID (Title) Number of Patients Key Objectives Key Design Elements 
	17 
	NDA 205054: Lutrate Depot 
	GP/C/05/PRO 
	GP/C/05/PRO 
	GP/C/05/PRO 
	N=163 
	“Proportion of 
	Open-label, single-

	Efficacy and Safety of 
	Efficacy and Safety of 
	successful 
	arm study, with two 

	a New Leuprolide 
	a New Leuprolide 
	patients 
	doses of Lutrate 

	Acetate 22.5 mg Depot Formulation in the Treatment of Prostate Cancer 
	Acetate 22.5 mg Depot Formulation in the Treatment of Prostate Cancer 
	achieving castration (testosterone ≤0.5 ng/mL) at Days 28, 84, 
	22.5 mg administered intramuscularly on Days 0 and 84 

	TR
	and 168, and 

	TR
	maintaining 

	TR
	castration 

	TR
	through Day 

	TR
	168” 


	Figure
	5.2 Review Strategy 
	Based on the study design and reported results 
	the reviewers examined the study protocols, statistical analysis plans, submitted datasets and study reports. The key focus was on evaluating whether 
	Figure

	castration was achieved and maintained 
	The reviewers conducted independent analyses (Section 6.1.3) based on the reported testosterone values from the central laboratory. These analyses addressed issues concerning patients with missing values and or testosterone surges, and generated results to reliably assess the clinical effectiveness of the two Lutrate formulations in terms of achieving and maintaining castration in each evaluable population. Analyses in the Per Protocol population were also performed to evaluate data consistency. 
	Figure

	with approved GnRH analogs.  In addition, special attention was paid to adverse reactions or issues related to the Warnings common to approved GnRH analogs. 
	Safety evaluation focused on any signals that appeared specific to the  products and examined key laboratory abnormalities well-known to occur 

	18 
	Figure
	5.3 Discussion of Individual Studies 
	Figure
	19. 
	Figure
	Figure
	Study GP/C/05/PRO 
	Study GP/C/05/PRO 

	Design of Study GP/C/05/PRO 
	Study GP/C/05/PRO was an open-label, single-arm study of GP-Pharm’s Lutrate (leuprolide acetate 22.5 mg) in patients with histologically proven carcinoma of the prostate who might benefit from medical androgen deprivation therapy. Its key objective was to investigate the efficacy and safety of the product administered for 2 doses with a 3-month interval. The primary endpoint was the proportion of patients who achieved castration at Days 28, 84, and 168, and maintained castration through Day 168. As shown in
	Figure 2: Schematic Diagram of Study Design for GP/C/05/PRO 
	Figure
	26 
	Figure
	Protocol Amendments (
	GP/C/05/PRO) 

	No protocol amendments were introduced after the study initiation. Key protocol milestones of this study are listed in Table 8. 
	Table 8: Protocol Milestones of Study GP/C/05/PRO 
	Milestone 
	Milestone 
	Milestone 
	Date 
	Comments 

	Protocol 
	Protocol 
	07-08/2011 
	The protocol planned to enroll 160 patients. See the sample size below. 

	Study Initiation 
	Study Initiation 
	10/2011 
	First patient enrolled into the study 

	Pre-NDA Meeting 
	Pre-NDA Meeting 
	10/2012 
	The Agency recommended that a Kaplan-Meier analysis be conducted for this study to examine castration maintenance over time. In the K-M analysis, escape from a castrate testosterone level should be considered an event. 

	Enrollment Completion 
	Enrollment Completion 
	12/2012 
	The last patient was enrolled. 

	Study Report 
	Study Report 
	07/2014 

	NDA Submission 
	NDA Submission 
	07/31/2014 
	Submission of the datasets 


	Objectives 
	(GP/C/05/PRO) 

	!. “To determine the proportion of successful patients achieving chemical castration (defined as castrate testosterone levels ≤0.5 ng/mL) at Days 28, 84, and 168, thereby demonstrating maintenance of castration through Day 168, with no missing data at these key time points” 
	!. To evaluate the safety of this new formulation of leuprolide acetate 22.5 mg 
	!. To evaluate the pharmacokinetics (PK) and the pharmacodynamics (PD) of leuprolide acetate 22.5 mg 
	Key Eligibility Criteria 
	(GP/C/05/PRO) 

	! Males ≥18 years of age. ! Histologically proven carcinoma of the prostate. ! Might benefit from medical androgen deprivation therapy. ! Life expectancy at least 1 year .! ECOG Performance Status score of 0-2 .
	27 
	• .
	• .
	• .
	Adequate renal function at screening as defined by serum creatinine s;1.6 times the ULN (upper limit of normal) for the clinical laboratory 

	• .
	• .
	Adequate and stable hepatic function (<Grade 2 in ALT, AST, and total bilirubin) 

	• .
	• .
	Testosterone level of <::1 .5 ng/ml at screening 

	• .
	• .
	No history of orchiectomy, adrenalectomy, or hypophysectomy. 

	• .
	• .
	• .
	No evidence of spinal cord compression, severe urinary tract 

	obstruction, excruciating or severe pain from bone metastases, or brain metastases 

	• .
	• .
	No prior androgen ablative therapy (including degarelix) within 12 .months or lasting >6 months .

	• .
	• .
	No use of androgen receptor inhibitors within 3 months 

	• .
	• .
	No previous systemic cancer therapy such as chemotherapy, immunotherapy (e.g., antibody therapies, tumor vaccines), biological response modifiers (e.g., cytokines) 

	• .
	• .
	No history of hypersensitivity to GnRH, GnRH agonists, including any LHRH analogues, or any excipients of the study formulation 

	• .
	• .
	No uncontrolled diabetes 

	• .
	• .
	No uncontrolled congestive heart failure, myocardial infarction or a coronary vascular procedure (e.g. balloon angioplasty, coronary artery bypass graft) or significant symptomatic cardiovascular disease(s) within 6 months before baseline; 

	• .
	• .
	No uncontrolled hypertension or symptomatic hypotension within 3 months 

	• .
	• .
	Signed informed consent before any study related activity 


	Reviewer's Comments: .< ll"j 
	6

	~nekey alfference iStnat patients ece1veapr1or7'.DT were af/oweCI rt fne;;n0r7herapy did not last for >6 months and was >12 months before screening. This is acceptable provided that their baseline testosterone level was not less than 1. 5 nglmL. 
	w o r

	Study Treatment (GP/C/05/PRO) 
	Patients received Lutrate 22.5 mg depot intramuscularly on Days 0 and 84. The study medicine was provided as Clinical Batch 10311-1. 
	(6Jl.il
	Prohibited medications and or treatments 
	---.-.-.---.-­
	Figure

	Use of degarelix ana otner systemic tnerapies were 
	Study treatment could be discontinued for patient withdrawal or at the discretion 
	of the investigator for adverse reaction, concurrent illness, or failure to comply 
	with the protocol. 
	Efficacy Assessments and Safety Monitoring CGP/C/05/PRO) 
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	Figure
	To assess whether patients achieved (at Day 28) and maintained castration through the end of study (Day 168), blood samples for testosterone levels were collected at the protocol-specified time points (Table 9) and were assayed in the central laboratory. Results from this laboratory were used for the planned primary endpoint analysis. Similarly, samples LH, FSH, and PSA were also collected and sent to the same laboratory for their level determination. 
	Adverse events/reactions and changes in ECG and laboratory parameters were monitored and assessed according to the Study Calendar (Table 9). The severity of adverse events was graded and captured using the Common Terminology Criteria for Adverse Events (CTCAE v. 3). 
	Table 9: Study Calendar for GP/C/05/PRO 
	Figure
	29 
	Figure
	Statistical Methods (per the applicant’s SAP). 
	(GP/C/05/PRO). Analysis Populations 

	! 
	! 
	! 
	The “ITT” population: to include patients who received at least 1 dose of study treatment and had at least 1 efficacy assessment after the first dose. 

	! 
	! 
	The evaluable population was defined as the total number of patients with data at one or more of the key time points (i.e., Day 28, 84 and 168). 

	! 
	! 
	The per-protocol (PP) population: to only include patients who completed all visits per protocol and received all doses of study drug. 

	! 
	! 
	The safety population: to include all enrolled patients who received at least 1 dose of the study drug 


	Sample Size 
	Sample Size 

	The null hypothesis was that the percentage of successful patients in the .population was less than the reference proportion, i.e., H0: p = 93% versus HA: .p = 98%. A 2-sided exact test for the single proportion at a 5% significance .level would have 80% power to detect a difference between the null .hypothesis 93% and the alternative 98% when the sample size was N = 144. . .With a maximum dropout rate of 10%, the study planned to enroll 160 patients.. 
	Primary Endpoint Analysis 
	Primary Endpoint Analysis 

	The primary analysis was to assess the percentage of successfully treated patients in the evaluable population with testosterone ≤ 0.5 ng/mL (i.e., N successes /N evaluable patients) at Days 28, 84, and 168. The goal was to demonstrate the achievement and maintenance of castration through Day 168 with no missing data at the key time points. 
	For each patient, if testosterone was greater than 0.5 ng/mL or if testosterone data were missing at any of the key time points (i.e., Days 28, 84, and 168), the patient would be classified as a failure, unless the missing data were due to an event unrelated to study drug such as death. 
	Testosterone levels at other time points (i.e., Day 56, Day 86, Day 112, and 1 and 4 hours after the second dose on Day 84) were planned to further characterize individual patient data. Missing data at such time points would be handed with the LOCF method. 
	30 
	---~~~~~~~~~~~~~
	-

	Based on testosterone concentrations throughout the study, an exact 2-sided binomial test was planned to examine the study "success" at the reference (null hypothesis) castration rate of 93% versus the alternative rate of 98%. 
	Reviewers' comments: 
	The statistical plan for evaluating the primary endpoint was based on an exact 2-sided 
	binomial test ofa point estimate ofthe percentage ofpatients who achieved and 
	maintained castrate testosterone levels on Days 28, 84, and 168. Results of the test 
	could be affected by the amount ofmissing data at the three key time points, since 
	patients would be considered "successful" in achieving or maintaining castration if the 
	missing data was assessed as unrelated to study drug. This may introduce bias in an 
	open-label study since it was necessary to determine whether a missing data point 
	was related or unrelated to study drug. The statistical plan did not discuss issues 
	related to testosterone levels at the other time points. To better address issues 
	concerning missing data and testosterone surges in the study, it is more suitable to 
	use the Kaplan-Meier method for analysis ofthe maintenance of castration. 
	6 Review of Efficacy 
	6.1 Indication 
	The proposed indication (bl1' is for the palliative treatment of patients witli aavancea pros a e cancer. 
	6.1.1 Methods 
	The clinical and statistical reviewers evaluated <n" studies according to the strategies listed in Section 5.2. The reviewers examined the submitted datasets and verified the completeness of the datasets and data consistency with the findings described in the study reports. The reviewers also assessed the applicant's reported analyses and conducted independent analyses. Issues identified during the review were discussed in order to reliably determine the castration efficacy (tin" . 
	11

	6.1.2 Demographics 

	31 
	31 
	---~~~~~~~~~~~~-
	-

	For Study GP/C/05/PRO (Lutrate Depot 22.5 mg), 163 patients were enrolled 
	from 25 study sites in the USA. Their demographic and baseline disease 
	characteristics are shown in Tables 10 and 11 , respectively. 
	Table 10: Demographics of Patients inl .lllf<"~ GP/C/05/PRO 
	Table
	TR
	(bf(4 

	TR
	GP/C/05/PRO 

	TR
	(N=163) 

	Age Median (Range) 
	Age Median (Range) 
	72 (47, 91) 

	Race (%) 
	Race (%) 

	Caucasian 
	Caucasian 
	101 (62%) 

	African American 
	African American 
	49 (30%) 

	Other 
	Other 
	13 (8%) 


	16
	Table 11: Disease Characteristics in I .f<") GP/C/05/PRO 
	Disease Stage(%) 
	Disease Stage(%) 
	Disease Stage(%) 
	(6f(4, 
	GP/C/05/PRO (N=163) 

	Metastatic Non-Metastatic Unknown 
	Metastatic Non-Metastatic Unknown 
	18(11%) 145 (89%) 0 

	Testosterone (ng/ml ) Median (Range) 
	Testosterone (ng/ml ) Median (Range) 
	3.85* (0.63, 9.9) 

	PSA (ng/ml ) Median (Range) 
	PSA (ng/ml ) Median (Range) 
	6.5 (0.4, 935) 

	*Based on Day O pre-dose testosterone levels 
	*Based on Day O pre-dose testosterone levels 


	Reviewer Comments: Both studies only had a small percentage (5-11%) ofpatients with metastatic prostate cancer in whom use ofa GnRH analog is generally indicated. It is not clear how many patients without metastatic disease would benefit from use of a study product that was intended to achieve androgen deprivation. 
	Patient Treatment and Disposition 
	All ~atients enrolled .(bll' received their first treatment on Day 0. 'u"" one in Study GP/C/05/PRO withdrew 
	--~~~~~~~~~~~~-
	-

	32 
	---~~~~~~~~~~~~-
	-

	from their study before Day 28, making them not evaluable for determination of castrate levels of testosterone by Day 28. The rest of patients had study 
	treatment between Da 
	treatment between Da 
	treatment between Da 
	28 and Day 168. Table 12 lists i:>atient disJ:>osition ~l 

	Note that 
	Note that 
	_ 
	11>1.~i 

	TR
	tnere were no deatns auring StUcly GPTCT057PRO. 


	---~~~~~~~~___, 
	Table 12: Patient Disposition inl r"IGP/C/05/PR 0 
	Table 12: Patient Disposition inl r"IGP/C/05/PR 0 
	Table 12: Patient Disposition inl r"IGP/C/05/PR 0 
	111
	1


	ltill4 GP/C/05/PRO (N=163) Completed Study (%) 151 (93%) Withdrawn and or Discontinued (%) Before Day 28 1 (<1%) After Day 28 11 (7%) *Including 2 patients who discontinued due to adverse events: PatientI ~ C:. was hospitalized for his knee surgery and Patient I !bl16 f/a an abaominal aortic aneurysm. There was no discontinuation due to adverse events in Study GPIC/05/PRO. 
	ltill4 GP/C/05/PRO (N=163) Completed Study (%) 151 (93%) Withdrawn and or Discontinued (%) Before Day 28 1 (<1%) After Day 28 11 (7%) *Including 2 patients who discontinued due to adverse events: PatientI ~ C:. was hospitalized for his knee surgery and Patient I !bl16 f/a an abaominal aortic aneurysm. There was no discontinuation due to adverse events in Study GPIC/05/PRO. 


	Key protocol violations and deviations are summarized in Table 13. Patients who did not complete all protocol visits and/or receive all scheduled doses (without major violations) were not included in the per-protocol (PP) populations according to the protocol definition as listed in Section 5 of this review. None of the listed violations and or deviations were considered to significantly affect the evaluation of the achievement and maintenance of castration in the evaluable population. 
	Table 13: Key Protocol Violations and Deviations 
	(11)(4 
	GP/C/05/PRO (N=163) 
	Criteria Unmet 
	Criteria Unmet 
	2 

	Use of Prohibited Treatments** 
	Use of Prohibited Treatments** 
	7 

	Patients who did not complete all .protocol visits and or receive all .
	29 .scheduled doses*** .Note: Some patients had more than one violation and or deviations. .
	(tiJl.ilj
	J 
	33 
	---~~~~~~~~~~~~~-
	-

	ng!ml. This patient was not included in the evaluable population as he was discontinued from the study before Day 28. 
	**Prohibited treatments included use ofandrogen receptor inhibitors (e.g.,bicalutamide) and radiation therapy. One patien~l-.-, (bT<in Study GP-C-05-PRO received a dose of Trelstar one week before n1s last v1Sit on Day 168. He had castrate levels of testosterone during the study. 
	5 

	***Based on the statistical assessment of relevant datasets in the submission. 
	With the above information, three populations as shown in Table 14 were identified for efficacy and safety analyses. For each evaluable population, this review included one additional patient as listed in the footnote of this table. The applicant excluded the two patients from their evaluable population for incomplete dosing or the investigator's unresponsiveness to inquiries. Given the study design and central laboratory determination of blood testosterone levels, the two patients should be included and co
	(6Jl.il . Evaluable Population* PP** Safety Population *Excluding patients who dropped out before Day 28 in Table 12. Patient( 111;r ~was included for the < 11>':) study since he had testosterone values rrom uay 2 ugh Day 168. Similarly, Pat1entb ~in the 22.5 mg study was included as he had testosterone va ues ava1/aTSretrom t e central laboratory despite the use ofradiotherapy during the study. **Excluding patients who did not complete all protocol visits and or receive all scheduled doses of study treatme
	Table 14: Populations for Efficacy and Safety Analyses 
	Table 14: Populations for Efficacy and Safety Analyses 


	GP/C/05/PRO 
	GP/C/05/PRO 
	GP/C/05/PRO 

	(N=163) 
	(N=163) 

	162 
	162 

	134 
	134 

	163 
	163 


	4 Page{s) tias t:>een Wittitiela in Full as D4 {CClfTS) immeCfiately following ttiis page 
	Figure
	34 
	Figure
	(for the 22.5 mg formulation) 
	Analysis of Primary Endpoint in Study GP/C/05/PRO 

	The primary endpoint for this study was “Proportion of successful patients achieving castration (testosterone ≤0.5 ng/mL) at Days 28, 84, and 168, and maintaining castration through Day 168”. 
	The proportion of patients who achieved castrate levels of testosterone by Day 28 was assessed and the results are shown in Table 21. In the evaluable population, 96.9% of patients achieved castration by Day 28. This castration rate is similar to the applicant’s reported castration rate of 98.7%, indicating that Lutrate 22.5 mg was efficacious in achieving castration in >90% of study patients at Day 28. Note that the applicant did not include 2 patients with missing data on Day 28 in the calculation.       
	Table 21: Proportion of Patients Who Achieved Castration on Day 28 in Study GP/C/05/PRO 
	Evaluable 
	PP (N=162) 
	(N=134) 
	Number of Patients with a testosterone level of ≤0.5 
	157 
	132 ng/mL on Day 28 96.9*% 
	98.5%
	Castration Rate (95% CI) 
	Castration Rate (95% CI) 
	(92.9%; 99.0%) 

	(94.7%; 99.8%) 
	*Two patients 
	were treated as “failure” in this review sinceimmediately prior to the missing data were >0.5 ng/mL. 
	who had missing data on Day 28 
	 their testosterone levels 
	Figure

	To evaluate the proportion of patients who maintained castration from Day 28 through Day 168, the Kaplan-Meier method was used to calculate the cumulative probability of maintenance of castration.  The reason is that the reviewers found numerous testosterone surges and missing data throughout the study. Table 22 lists patients with testosterone surges without missing data and Table 23 summarizes those with missing data and or testosterone surges. It would be difficult to address these issues in a binomial t
	Table 22: Patients with Testosterone Surges without Missing Data in Study GP/C/05/PRO 
	Patient ID Time of Testosterone Surges (>0.5 ng/mL) 1 Day 84 4H postdose 2 Day 168 
	39 
	Figure
	3 Days 56, 84 1H postdose, 84 4H postdose 4 Day 86 5 Day 56 6 Days 28, 56 7 Day 112 8 Day 112 9 Days 84 pre-dose, 168 10 Day 86 11 Day 56 12 Day 112 13 Day 84 4H postdose 14 Day 86 15 Days 28, 112 16 Day 56 17 Day 86 18 Day 84 1H postdose 19 Day 84 1H postdose 20 Day 56 21 Day 84 1H postdose Patients with a testosterone surge at any of the key time points were highlighted in yellow. 
	Table 23: Patients with Missing Data in Study GP/C/05/PRO 
	Table
	TR
	Patient ID 
	Missing Data (Time Points) 
	Testosterone Surges (>0.5 ng/mL) 
	Failure (Event)/ No Surges (Nonevent) with Time from Day 28 Used in the FDA Analysis 
	-


	1 
	1 
	Day 86 
	∀ 
	No surges from Day 28 through Day 168 

	2 
	2 
	Day 84 4H postdose 
	∀ 
	No surges from Day 28 through Day 168 

	3 
	3 
	Days 56, 84 predose, 84 1H postdose, 84 4H postdose, 86, 112 
	∀ 
	No surges from Day 28 through Day 168 

	4 
	4 
	Day 84 predose 
	∀ 
	No surges from Day 28 through Day 168 

	5 
	5 
	Day 112 
	∀ 
	No surges from Day 28 through Day 168 

	6 
	6 
	Day 112 
	∀ 
	No surges from Day 28 through Day 168 

	7 
	7 
	Days 84 1H postdose, 84 4H postdose 
	Day 168 
	Failure, on Day 168 

	8 
	8 
	Days 84 1H postdose, 84 4H postdose, 112, 168 
	∀ 
	No surges from Day 28 through Day 86; Censored Day 86 

	9 
	9 
	Day 84 1H postdose 
	Day 56 
	Failure, on Day 56 

	10 
	10 
	Day 84 4H postdose 
	∀ 
	No surges from Day 28 through Day 168 

	11 
	11 
	Day 56 
	∀ 
	No surges from Day 28 through Day 168 

	12 
	12 
	Days 84 predose, 84 1H postdose, 84 4H postdose, 86, 112 
	Day 28 
	Failure, on Day 28 

	13 
	13 
	Day 28 
	∀ 
	Uncertain: considered no surges from Day 28 through Day 168 
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	Figure
	14 
	14 
	14 
	TD
	Figure

	Day 112 
	Days 86, 168 
	Failure, on Day 86 

	15 
	15 
	Days 56, 84 predose, 84 1H postdose, 84 4H postdose, 86, 112 
	∀ 
	No surges from Day 28 through Day 168 

	16 
	16 
	Day 112 
	∀ 
	No surges from Day 28 through Day 168 

	17 
	17 
	Days 84 predose, 84 1H postdose, 84 4H postdose, 86, 112 
	∀ 
	No surges from Day 28 through Day 168 

	18 
	18 
	Days 28, 84 1H postdose, 84 4H postdose 
	∀ 
	Uncertain: considered no surges from Day 28 through Day 168 

	19 
	19 
	Day 112 
	∀ 
	No surges from Day 28 through Day 168 

	20 
	20 
	Day 84 1H postdose 
	∀ 
	No surges from Day 28 through Day 168 

	21 
	21 
	Days 84 1H postdose, 84 4H postdose 
	Day 56 
	Failure, on Day 56 

	22 
	22 
	Day 84 4H postdose 
	∀ 
	No surges from Day 28 through Day 168 

	Including patients with missing data who also had testosterone surge(s). Patients with a testosterone surge at any of the key time points were highlighted in yellow.  Two patients highlighted in gray, were considered to have “uncertain” status on Day 28 since they had a non-castrate level of testosterone on Day 14 with missing data on Day 28. Data was missing due to either a missed visit or inadequate samples. The rest of testosterone levels after Day 28 show that they maintained castration during the study
	Including patients with missing data who also had testosterone surge(s). Patients with a testosterone surge at any of the key time points were highlighted in yellow.  Two patients highlighted in gray, were considered to have “uncertain” status on Day 28 since they had a non-castrate level of testosterone on Day 14 with missing data on Day 28. Data was missing due to either a missed visit or inadequate samples. The rest of testosterone levels after Day 28 show that they maintained castration during the study


	Based on the information contained in Tables 22 and 23, a Kaplan-Meier analysis was performed. As shown in Table 24, the cumulative probability of castration maintenance was 83.9% (95% CI: 77.3%, 88.8%) in the evaluable population, indicating that Lutrate 22.5 mg was not efficacious in maintaining castration. Similar results were found in the PP population. 
	Table 24: Proportion of Patients Maintaining Castration in Study GP/C/05/PRO 
	Table
	TR
	Evaluable (N=162) 
	PP (N=134) 

	Number of patients maintaining a testosterone level of ≤0.5 ng/mL from Day 28 through Day 168 
	Number of patients maintaining a testosterone level of ≤0.5 ng/mL from Day 28 through Day 168 
	136 
	115 

	Castration Rate (95% CI) 
	Castration Rate (95% CI) 
	83.9*% (77.3%, 88.8%) 
	85.8% (78.7%, 90.7%) 
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	Figure
	*The castration maintenance rate would be 82.7% (95% CI: 75.9%, 87.7%) if the two patients categorized as “Uncertain” (Table 23) were considered “failure” in the Kaplan-Meier analysis. When these two patients were excluded from the analysis due to the missing data, the castration maintenance rate was 83.7% (95% CI: 77.0%, 88.6 %). 
	Our review findings are different from the results of the Applicant’s analysis (Table 25). This analysis ignored some detected testosterone surges (including a few surges at the end of study), leading to an overestimation of the rate of castration maintenance. 
	Table 25: Applicant’s Reported Proportion of Patients Who Reached Castration in Study GP/C/05/PRO 
	Figure
	Adapted from Applicant’s CSR Page 70. Note that one patient 
	was not included in 
	Figure

	the applicant’s evaluable population. 
	Reviewer’s Comments: 
	The above results show that GP-Pharm’s Lutrate 
	22.5 mg were able to 
	Figure

	achieve castration on Day 28 but were not efficacious in maintaining castration from Day 28 through Day 168. Most of the testosterone surges occurred within one week 
	after the second dose (Tables 17 and 23), suggesting 
	formulation might not 
	Figure

	sufficiently or completely desensitize the pituitary in some patients, making the gland still sensitive to the agonistic stimulation of leuprolide acetate. This may be related to 
	the quality 
	 that might not consistently deliver the intended 
	Figure

	leuprolide dose as intended or maintain a sufficient leuprolide level in the circulation at the end of the first dose. Such possibilities may be supported by the 
	% product overfill per vial as identified in the CMC review. Given the inadequate castration maintenance and the CMC issues, the reviewers recommend that Applicant conduct 
	Figure

	new studies 
	 with batches acceptable from a CMC perspective.  
	Figure

	6.1.4 Analysis of Secondary Endpoints(s) 
	Evaluation of the secondary endpoints does not provide substantial evidence for the intended indication, since was not 
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	efficacious in maintaining castration during the study (Section 6.1.3). In addition, key secondary endpoints (e.g., changes in PSA or LH) were part of the pharmacological actions known to androgen deprivation therapy and were considered supportive when the primary endpoint of maintaining castration was met. 
	6.1.5 Subpopulations 
	Given the findings described in Section 6.1.3 and the small sample size of study, subpopulation analyses are not clinically relevant. 
	6.1.6 Analysis of Clinical Information Relevant to Dosing Recommendations 
	For -in"lLutrate, there was only one dosing schedule used in the <b><~y. 
	6
	4

	6.1.7 Discussion of Persistence of Efficacy and/or Tolerance Effects 
	ltiH" studies were conducted with a total of 6 months of monitoring blood testosterone levels at various time points. Persistence of effectiveness beyond 6 months remains unknown. 
	No evidence has shown that GnRH analogs induce tolerance with continued dosing. 
	6.1.8 Additional Efficacy Issues/Analyses 
	None 
	None 
	None 

	7 
	7 
	Review of Safety 

	TR
	7.1 Methods 

	TR
	The reviewer evaluated the safety profile of 
	16>1" 
	based 

	TR
	on the submitted adverse event datasets ana laooratory resu ts. 
	or pa ients 


	who had SAEs, data consistency and outcomes were examined across relevant datasets along with the information provided in CRFs and narratives. Special attention was paid to adverse reactions known to GnRH analogs or androgen deprivation. 
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	Treatment-emergent adverse events (TEAEs) included any new adverse 
	events reported during the study, and treatment-related adverse events 
	(TRAEs) were tabulated according to the Investigator's reported attribution 
	assessments. 
	7.1.1 Clinical Studies Used to Evaluate Safety 
	The safety evaluation >rrj GP-Pharm Lutrate (bl1' was based on the data <b><~isted in Section 5.1. -------­
	4

	7 .1.2 Adequacy of Data 
	The reviewers considered the submitted data adequate for the safety evaluation based on the submitted safety datasets, mainly including information on exposure, adverse events, concomitant medications, physical examination, vital signs and laboratory results. 
	{ti)('I 
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	{ti)('I 
	7.2 Adequacy of Safety Assessments 
	Based on the safety assessment schedules (Section 5.3) and submitted safety datasets, short-term toxicities of the Lutrate formulations aJ:>pear to be adequately evaluated. >1"1that the safety profile of leuJ:>ro lclelias 5een l<nown or over two aecaaes, sare'ty 
	16

	information 
	information 
	information 
	<bll.ill is sufficient to characterize the adverse 

	reactions 
	reactions 
	bll"' Nevertheless, the long-term 

	(e.g, over years 
	(e.g, over years 
	safe'fYi 
	lbH 4 
	could not be assessed due to 


	the study period of 6 montns [Secti0r17 .2:1 ). 
	7.2.1 Overall Exposure at Appropriate Doses/Durations 
	In Study GP/C/05/PRO, 157 of the total 163 patients received 2 protocol­
	required doses of Lutrate 22.5 mg and 151 patients completed the study. The 
	duration of exposure was about 6 months as well. 
	7 .2.2 Explorations for Dose Response 
	Not applicable 
	7 .2.3 Special Animal and/or In Vitro Testing 
	Not applicable 
	7 .2.4 Routine Clinical Testing 
	All study patients were monitored with periodic physical and routine laboratory examinations according to the study calendars discussed in Section 5.3. Adverse events were assessed at every scheduled visit. This was adequate to determine the adverse event profiles of the products. 
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	7 .2.5 Metabolic, Clearance, and Interaction Workup 
	There was no drug-drug interaction study conducted for this NOA. See clinical pharmacology review for additional PK information. 
	7 .2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class 
	Common adverse events from use of leuprolide or other GnRH analogs in men 
	are related to castrate levels of testosterone. These generally include hot 
	flushes, fatigue, headache, GI disturbances, erectile dysfunction, decreases in 
	bone density or osteoporosis, increases in the risk of developing diabetes and 
	fatal cardiovascular disease. Their incidences may be associated with the 
	duration of exposure. Metabolic changes such as diabetes and the increased 
	risk of cardiovascular disease may occur after long-term use. 
	7.3 Major Safety Results 
	7.3.1 Deaths and Serious Adverse Events 
	Deaths: 
	(ti)(4 
	There were no deaths in Study GP/C/05/PRO. SAEs: 
	46 
	---~~~~~~~~~~~~...... 
	In Study GP/C/05/PRO, 14 SAEs (Table 28) were reported in 12 patients. Three of them were syncope, which was transient and resolved without complications. One SAE was myocardial infarction which occurred 135 days after the start of study treatment. The patient was hospitalized for 2 days during which the SAE resolved. 
	Another important SAE was diabetic ketoacidosis, which occurred 114 days after the study treatment initiation in a patient who were taking lisinopril and simvastatin. At diagnosis, his fasting glucose was 632 mg/dl, much higher than the previous fasting glucose levels he had (123, 146, 209 mg/dl at Baseline, Days 28 and 84, respectively). The patient was hospitalized for 5 days and discharged with metformin and glyburide. At the Day 168 visit, his fasting glucose level was 178 mg/dl. The investigator's caus
	Table 28: Reported SAEs in Study GP/C/05/PRO 
	Table 28: Reported SAEs in Study GP/C/05/PRO 
	Table 28: Reported SAEs in Study GP/C/05/PRO 

	TR
	Safety Population 

	TR
	(N=163) 

	Number of SAEs (%) 
	Number of SAEs (%) 
	14 (9%) 
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	Diarrhea Myocardial infarction Syncope Cardiac failure congestive Pneumonia Syncope Inguinal hernia, obstructive
	Diarrhea Myocardial infarction Syncope Cardiac failure congestive Pneumonia Syncope Inguinal hernia, obstructive
	Diarrhea Myocardial infarction Syncope Cardiac failure congestive Pneumonia Syncope Inguinal hernia, obstructive
	SAE* 

	Benign neoplasm of bladder 

	Diabetic ketoacidosis Fall Syncope Dehydration Non-cardiac chest pain Rectal hemorrhage 
	Two patients had an additional SAE each. .*All the listed SAEs were reported to be unrelated or unlikely related to study treatment. .
	Reviewer's Comments: The above SAEs include hyperglycemia, worsening Type-2 
	diabetes, and diabetic ketoacidosis. In the reviewer's assessment, the diabetic SAEs 
	might be attributed to a worsening of glycemic control by ADT. This may be 
	exemplified by the gradual increase in Fasting Glucose Levels with study duration in 
	the case of the patient with diabetic ketoacidosis. On the other hand, the Investigator's 
	assessment of the same SAEs considered the causality as "unrelated or unlikely 
	related" to study treatment. This difference may reflect challenges or uncertainty in the 
	causality assessment in single-arm, open-label studies. 
	7.3.2 Dropouts and/or Discontinuations 
	Figure
	No patients discontinued due to an adverse event in Study 
	GP7C7057PRO. 
	7.3.3 Significant Adverse Events 
	7.3.3 Significant Adverse Events 

	Based on the Investigator's reported causality assessments, key adverse 
	events that were considered possibly, probably or certainly related to study 
	treatment were hot flushes, fatigue, injection site pain and hyperhidrosis (Table 
	29). These events are generally consistent with the results from the pooled 
	analysis (Table 26) and the individual study analysis (Tables 30 and 31 ). 
	Except for injection site pain, the other adverse events represent common 
	reactions known to occur with ADT. 
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	There were no hypersensitivity and allergic reactions reported in the two studies. 
	Table 29: lm~ortant Treatment-Related Adverse Events Reported in 
	Figure
	GP/C/05/PRO --­
	Table
	Hot Flushes 
	Hot Flushes 

	Fatigue 
	Fatigue 

	Injection Site Pain 
	Injection Site Pain 

	Hyperhidrosis 
	Hyperhidrosis 


	{ti)('I 
	Table
	TR
	Study GP/C/05/PRO 

	TR
	(N=163) 

	TR
	126 (77%) 

	TR
	16 (10%) 


	15 (9%) .
	5 (3%) .
	7 .4 
	7 .4 
	7 .4 
	Supportive Safety Results 

	7.4.1 
	7.4.1 
	Common Adverse Events 

	TR
	__,,_(lij('I


	Commonly reported treatment-emergent adverse events or reactions 
	_ 

	with an incidence of<:: 10% were tabulated regardless of their causality. 
	fie results are shown in >ml Table 31 (for the 22.5 mg study). Adverse even s ltif<" were hot flushes, arthralgia, fatigue, injection site pain, headache, and diarrhea. The majority of them were mild or moderate in the severity. Of them, hot flushes, fatigue, and injection site pain were attributed to study treatment (Table 29). 
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	Table 31: Common Adverse Events Reported in Study GP/C/05/PRO 
	Table
	TR
	Safety Population (N=163) 

	All Grade 
	All Grade 
	Grade 3-4 

	Hot Flushes 
	Hot Flushes 
	127 (%) 
	5 (%) 

	Diarrhea* 
	Diarrhea* 
	21 (%) 
	2 (%) 

	Pollakiuria 
	Pollakiuria 
	20 
	0 

	Arthralgia 
	Arthralgia 
	18 (%) 
	0 (%) 

	Injection Site Pain 
	Injection Site Pain 
	18 (%) 
	0 (0%) 

	Fatigue 
	Fatigue 
	17 (%) 
	0 (0%) 

	*Nineteen events were assessed as unrelated to study treatment.  
	*Nineteen events were assessed as unrelated to study treatment.  


	7.4.2 Laboratory Findings 
	Safety laboratory parameters were monitored and the results 
	Figure

	were categorized as low, normal, or high. Patients in each category were listed according to visit times in the NDA submission, and the Applicant reported that overall none of the changes were considered clinically relevant by the Investigators. 
	50 
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	The reviewer evaluated important laboratory parameters known to be affected 
	by GnRH analogs, including CBC, hepatic transaminases, glucose and 
	creatinine. To assess the severity, reported values of the parameters during the 
	study were graded according to the current NCI CTCAE v4 criteria. The 
	bll.il 33. 
	findings are shown in Tabl 

	Among the abnormalities, hyperglycemia appeared to be the most common in 
	the two studies and a few patients had a Grade 3-4 elevation, including one 
	patient who had diabetic ketoacidosis diagnosed (Section 7.3.1) 3 months after 
	study treatment. This highlights the importance of monitoring glucose in 
	patients treated with a GnRH analog. In addition, elevations in hepatic 
	(bl(4
	transaminases and creatinine were also detected. 
	Figure
	{ti)(.il 
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	Table 33: Important Laboratory Abnormalities in Study GP/C/05/PRO 
	Table
	TR
	Safety Popula(N=1 63) 
	tion 

	TR
	All Grade 
	Grade 3-4 

	Hyperglycemia* 
	Hyperglycemia* 
	127 (78%) 
	9 (6%) 

	Decrease in Hemoglobin 
	Decrease in Hemoglobin 
	95 (58%) 
	0 (0%) 

	Increase in ALT/AST 
	Increase in ALT/AST 
	35 (21%) 
	0 (0%) 

	Increase in Creatinine 
	Increase in Creatinine 
	6 (4%) 
	0 (0%) 


	Monitored on Days 28, 84, 112, and 168 
	*At screening, 92 patients (56%) had hyperglycemia and ofthem, 3 patients had Grade 3 hyperglycemia. 
	7 .4.3 Vital Signs 
	Vital signs including body temperature were monitored according to the study calendars (Tables 7 and 9). No significant trends or changes were observed. 
	7 .4.4 Electrocardiograms (ECGs) 
	ECGs were monitored in the two studies according to the Study Calendars 
	(Tables 7 and 9). There were no ECG waveforms submitted to the ECG 
	warehouse for evaluation n" Based on the Applicant's submitted ECG 
	111

	datasets, the reviewer examinea whether there were patients with a severe 
	prolongation of the QT interval. 
	In Study GP-C-05-PRO, three patients _ _ >ns] with a QT interval of >500 ms at baseline were enrollea and tneir QT intervals remained 
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	Figure
	of >500 ms during the study. None of them had a symptomatic arrhythmia or cardiac adverse event reported. There were no patients who had a QT interval of >500 ms newly detected in two separate ECGs while on study. 
	Reviewer’s Comments: 
	There was no criterion for QT interval in the eligibility requirements for the two studies. The QT interval prolongation could not be fully evaluated in the absence of ECG waveforms. Some of the above cases appear consistent with the current QT/QTc warning in the label of approved GnRH analogs. 
	7.4.5 Special Safety Studies 
	None 
	7.4.6 Immunogenicity 
	Not assessed in the study. 
	7.5 Other Safety Explorations 
	7.5.1 Dose Dependency for Adverse Events 
	Not applicable since the study patients received the scheduled doses in each study. 
	7.5.2 Time Dependency for Adverse Events 
	A 6-month study interval was available for adverse event assessment in both studies. This interval was insufficient to adequately assess the occurrence of adverse events over time. 
	7.5.3 Drug-Demographic Interactions 
	 could not be reliably established 
	4.1). 
	7.5.4 Drug-Disease Interactions 
	Unable to assess in these short-term, single-arm studies 
	Drug-demographic interactions for safety are not explored since the effectivenesswith the current clinical data (Section 6.1.3) and CMC deficiencies (Section 
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	Figure
	7.5.5 Drug-Drug Interactions 
	Not studied in this NDA. 
	7.6 Additional Safety Explorations 
	7.6.1 Human Carcinogenicity 
	Potential carcinogenicity has not been suggested with GnRH analogs.   
	7.6.2 Human Reproduction and Pregnancy Data 
	There were no reports of pregnancy in the female partners of men enrolled in 
	Figure

	7.6.3 Pediatrics and Effect on Growth 
	Not applicable for this NDA. 
	7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound 
	No overdose was reported.  The product has no known abuse potential in men. 
	8 Postmarketing Experience 
	Not applicable. 
	9 Appendices 
	9.1 Literature Review/References 
	Inserted as footnotes 
	9.2 Labeling Recommendations 
	Labeling was not initiated because of deficiencies identified during the review. 
	9.3 Advisory Committee Meeting 
	This application was not referred to the Oncologic Drugs Advisory Committee since this NDA has numerous deficiencies identified during the review. 
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	1EXECUTIVE SUMMARY. 
	In this 505 (b) (2) new drug application (NDA), the applicant seeks approval of LUTRATE DEPOT (leuprolide acetate for depot suspension) 22.5 mg for three months for palliative treatment of advanced prostate cancer, with Lupron® Depot 22.5 mg, as the listed drug. The applicant submitted the results of open-label, single-arm Phase 3 trials Study GP/C/05/PRO for 22.5 mg in 163 patients). The primary efficacy endpoint was the achievement and maintenance of castration (plasma testosterone level ≤ 0.5 ng/mL). Cli
	failed to meet the primary efficacy endpoint in the trials, and a complete response letter will be issued. 
	Pharmacokinetic (PK) data available from  30 patients in Study GP/C/05/PRO indicated that maximum plasma concentration (Cmax) of leuprolide was achieved in approximately 2 hour after intramuscular injection. No obvious accumulation in plasma leuprolide concentrations was observed after repeated doses of 
	LUTRATE DEPOT. 
	The Office of Scientific Investigation (OSI) inspection concluded that the bioanalytical assays used for the measurement of testosterone concentrations are acceptable. 
	1.1. RECOMMENDATIONS 
	This NDA application is acceptable from a clinical pharmacology perspective. However, as a complete response letter will be issued for this NDA, no labeling language agreement or post-marketing requirement/commitment is needed. 
	Signatures: 
	Pengfei Song, Ph.D.. Elimika Pfuma, Ph.D. 
	Reviewer. Acting Team Leader 
	Division of Clinical Pharmacology V Division of Clinical Pharmacology V 
	Cc: .DDOP: CSO -Charlene Wheeler; MTL -Viginia Maher; MO -Yangmin Ning;  DCP-5: DDD -Brian Booth; DD -Nam Atiqur Rahman 
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	Figure
	Reference ID: 3734222 
	2 
	QUESTION BASED REVIEW 
	2.1 GENERAL ATTRIBUTES 
	2.1.1. What are the highlights of the chemistry and physical-chemical properties of the drug substance and the formulation of the drug product as they relate to clinical pharmacology and biopharmaceutics review? 
	Leuprolide acetate is a synthetic nonapeptide analogue of leuteinizing hormone-releasing hormone (LHRH), also known as a gonadotropin releasing hormone (GnRH) analogue. Leuprolide acetate is a white to off-white powder with a molecular weight of 1209.4 (free base). 
	Physico-chemical properties of drug substance 
	1.. 
	1.. 
	1.. 
	Structural formula: 

	2.. 
	2.. 
	Established name: Leuprolide acetate 

	3.. 
	3.. 
	Molecular weight (free base): 1209.4 

	4.. 
	4.. 
	Molecular formula: C59H84N16O12 

	5.. 
	5.. 
	Chemical name (CAS): 5-oxo-L-prolyl-L-histidyl-L-tryptophyl-L-seryl-L-tyrosyl-D­leucyl-L-leucyl-L-arginyl-N-ethyl-L-prolinamide acetate (salt) 

	6.. 
	6.. 
	Solubility: Soluble in water and methanol 


	Figure
	2.1.2. What are the proposed mechanism of action and therapeutic indication? 
	LUTRATE DEPOT (leuprolide acetate for depot suspension) is a GnRH agonist proposed for the palliative treatment of advanced prostate cancer. 
	NDA 205054 Review – LUTRATE DEPOT 4
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	Figure
	Figure
	Figure
	Leuprolide acetate is a potent agonist analogue ofgonadotropin-releasing ho1mone (GnRH). Continuous administration ofleuprolide in males decreases luteinizing honnone (LH), follicle­stimulating ho1mone (FSH), dihydrotestosterone (DHT), and testosterone concentrations by desensitizing and/or down-regulating the pituitaiy. 
	2.1.3 What are the proposed dosage and route of administration? .LUTRATE DEPOT is provided in a kit with a vial, a prefilled syringe and a transfer device: .
	• .LUTRATE DEPOT 22.5 mg for 3 months administration, given as a single intramuscular injection eve1y 12 weeks. 
	2.2 GENERAL CLINICAL PHARMACOLOGY 
	2.2.1 .What are the design features of the clinical pharmacology and clinical studies used to support dosing or claims? 
	In the cunent 505 (b) (2) NDA submission, the a licant seeks a roval ofLUTRATE DEPOT (Leuprolide acetate for depot suspension) (bll' 22.5 mg three-month strength for the palliative treatment of advanced prostate cancer, with Lupron® ltiH" 
	22.5 mg under (NDA 020517) (Abbott), ~as the listed diug. 
	(6Jl.il
	The applicant submitted the results of 
	163 patients). The primaiy efficacy endpoint was the achievement and maintenance ofcastration (plasma testosterone level :::; 0.5 n~mL) during the study course. Based on the clinical and statistical reviews, ~ able to achieve medical castration on Day 28 but failed to maintain medical castration during the study course. Therefore (bll' failed to meet the primaiy efficacy endpoint, and a complete response letter will be issued to this NDA submission based on this clinical issue (please see the clinical revie
	Study GP/C/05/PRO for the 22.5 mg strength in 

	The applicant submitted PK data obtained 
	APPEARS TRIS WAY ON ORIGINA[ .
	(6Jl'I
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	< LEUPROLI DE DEPOT> 22.5 mg multiple dose, i m, every 3 month 
	< LEUPROLI DE DEPOT> 22.5 mg multiple dose, i m, every 3 month 
	< LEUPROLI DE DEPOT> 22.5 mg multiple dose, i m, every 3 month 
	163 
	Patients with prostate cancer 
	168 days 


	APPEARS TRIS WAY ON ORIGINA[ .
	Table 1. LUTRATE DEPOT Clinical Trials with PK Data 
	Study Number .Location .
	Studv Desian .
	GP/C/05/PRO 
	I 

	Section 5.3.5.2 .Open-label.
	I 
	Test Product(s); Dosage 
	Healthy Subjects
	Objective(s) of the 
	Number of 
	Duration of
	Regimen; Route of 
	or Diagnosis of
	Study 
	Subjects 
	Treatment
	Patients
	Administration 
	(b)(4 
	!tiH4l 
	t:tlicacy and satety; 
	PK analysis in a sub group of patients (30) and population PK aoa.Lvsls. 
	!6H4
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	castration of subjects within 1 month from administration with a duration of castration of3-4 weeks. 
	Phase 3 clinical ti·ial GP/C/05/PRO was perfo1med to evaluate the efficacy and safety of LUTRATE DEPOT 22.5 mg fo1mulation in 163 prostate cancer patients. In this study, the leuprolide PK was assessed in a subset of30 patients. 
	Reviewer's note: The applicant also submitted a population PK report and a sigmoid Em ax model with a baseline effect parameter (Eo) using 30 patients' data in Phase 3 trial 
	GPIC/05/PRO. Together with Dr. Liang Zhao in Division Pharmacometrics, the clinical pharmacology team decided not to review these two study reports, as the results will not affect the decision-making in this NDA submission due to small sample size. 
	2.2.2 .What is the basis for selecting the response endpoints or biomarkers and how are they measured in clinical pharmacology and clinical studies? 
	Leuprolide acetate is a GnRH agonist indicated for prostate cancer. Plasma testosterone level is a standard biomarker that has been used to assess diug activity in prostate cancer. Achievement and maintenance ofcasti·ation (the level of testosterone ::::; 0.5 ng/mL) is the prima1y efficacy 
	{ti)('I
	endpoint. The plasma concenti·ation of testosterone was measured 
	--~~~~~~~~~-
	-

	by a validated LC/MS/MS assay in Trial GP/C/05/PRO. 
	,__~~~~~~--
	,__~~~~~~--
	,__~~~~~~--
	-


	OSIS inspection concluded that 
	OSIS inspection concluded that 
	16>1" 
	are acceptable (see OSIS review 

	by Dr. Arindam Dasgupta in DARRTs). 
	by Dr. Arindam Dasgupta in DARRTs). 

	2.2.3 
	2.2.3 
	Exposure-Response Relationship 


	2.2.3.1 Does this drug prolong the QT or QTc interval? 
	In the cunent subinission, the applicant did not perfo1m ECG monitoring or QTc prolongation evaluation. Literature suggests that andi·ogen-deprivation therapy causes QT prolongations and it 
	may be associated with an increased risk of cardiovascular morbidity and death. !b~ 
	Figure
	Figure
	2.2.4 .Pharmacokinetic characteristics of the drug 
	2.2.4.1 What are the single dose and multiple dose PK parameters? 
	Please see the clinical and statistical review for the evaluation of the time course of testosterone as the primaiy efficacy endpoint. >1" 
	16
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	Figure
	Strength 22.5 mg: 
	Strength 22.5 mg: 


	Following the first administration, plasma leuprolide concentrations increased rapidly. The peak was followed by a decline over the next several days, maintaining sustained drug levels after Day 28 until the following dose on day 84. Concentrations of leuprolide were measurable up to 84 days for 18 out of the 30 subjects. The profile of leuprolide concentrations following the second dose was similar to that following the first dose. Following the two injections of LUTRATE DEPOT 22.5 mg, there was mild accum
	Figure
	Figure 3: Plasma Leuprolide and Plasma Testosterone Concentrations 
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	Figure
	(pg/mL) (Mean ± SD) During Two Sequential I.M. Injections of LUTRATE DEPOT 22.5 mg with 3-Month Apart. Source: [5.3.5.2. Study GP/C/05/PRO Report, Figure 11.5] 
	Table 4. Leuprolide Pharmacokinetic Parameters During the First Two 3­Monthly I.M. Injections of LUTRATE DEPOT 22. 5 mg (N = 30) 
	Figure
	Source: [5.3.5.2. Study GP/C/05/PRO Report, Table 11.4.16] 
	2.2.4.2. How do the PK parameters change with time following chronic dosing? 
	No apparent accumulation was observed after the 
	).Table 4first two doses for 22.5 mg strength (Figure 3, 

	2.2.4.3. What is the inter-and intra-subject variability of PK parameters in volunteers and patients, and what are the major causes of variability? 
	Figure
	For LUTRATE DEPOT22.5 mg strength, the coefficient of variation (CV) is 38.4% for Cmax, and varies from 48.5% to 56.8% for AUC following the first two doses (Table 4). 
	∀ 

	2.3 GENERAL BIOPHARMACEUTICS 
	2.3.1 What is the composition of the to-be-marketed formulation? 
	Each proposed commercial kit of the drug product LUTRATE DEPOT
	∀

	 22.5 mg contains: 
	Figure

	• One vial 
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	Figure
	One prefilled syringe One transfer device including one sterile needle (20 gauge) A complete prescribing infonnation enclosure 
	The vial contains sterile ~o hilized micros heres ofleu rolide acetate inco1 orated in a 
	biodegradable p~~ .hen mixed with 2 mL ofaccompanying diluent, LUTRATE DEPOT 22.5 mg for 3­
	Figure

	month administration is administered as a single intramuscular injection EVERY 12 WEEKS. The composition ofthe to-be-marketed LUTRATE DEPOT® is shown in Table 5. 
	Table 5. Composition ofLUTRATE DEPOT®______ltiHt .... 22.5 mgNial) 
	INGREDIENT -QUANTITY FUNCTION REF ERENC ETO (b)(4) LUTRATE22.5 ma STANDARDS Active lnaredient Leuprolide Acetate2 22.5 mg Active Ingredient Ph Eur• Excioients (b)(4) (bJl4 In -House ...... PLA (Df('il In -House Triethyl citrate (TEC) Ph Eur/USP' Mannitol 88.4 mg Ph Eur/usp• Carmellose Sodium 25.0 mg Ph Eur/USP' Polysorbate 80 3.8 mg Ph Eur/NF' 
	Source: NDA205054 Section 3.2.P.l. 
	2.3.2 .Has the applicant developed an appropriate dissolution method and specification that will assure in-vivo performance and quality ofthe product? 
	Please refer to biopha1maceutical review by Dr. Sandra S. Sharp. 
	2.4 
	2.4 
	2.4 
	ANALYTICAL SECTION 

	2.4.1 
	2.4.1 
	How are the active moieties identified and measured in the plasma in the clinical 

	TR
	pharmacology and biopharmaceutics studies? 


	Leuprolide is the active ingredient measured for PK evaluation, and the plasma concentration of testosterone was measured as the smTogate marker for the prima1y efficacy endpoint. 
	(6Jl4
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	2.4.2. For all moieties measured, is free, bound or total measured? What is the basis for that decision, if any, and is it appropriate? 
	Total plasma concentration of leuprolide was measured. The total drug instead of free drug concentration measurement appears acceptable, as the in vitro binding of leuprolide to human plasma proteins was reported to range from 43% to 49%. 
	2.4.3. What bioanalytical methods are used to assess concentrations of leuprolide and testosterone? 
	Figure
	Strength 22.5 mg in Phase trial GP/C/05/PRO: 
	Strength 22.5 mg in Phase trial GP/C/05/PRO: 

	Leuprolide plasma concentrations were measured in patients using a validated Enzyme Immunoassay (EIA) technique. Blood was collected in 10 mL PET tubes containing 25μM PPACK, 4.5 mM EDTA) and 500 KIU/mL aprotinin, and then centrifuged (1600×g at 4°C for 15 
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	Figure
	minutes). Plasma was collected into PP tubes, divided into 2 aliquots and stored at -70°C or colder before analysis. 
	The characteristics of bioanalytical method are summarized below (Table 7), based on the Validation Repo1i (bT< Project Code: UX034) for 'Detennination of Leuprolide in Human Plasma by EIA': 
	Table 7. Characteristics of the Validated Enzyme Immunoassay (EIA) Method .Used to Measure Leuprolide Plasma Concentration in Trial GP/C/05/PRO .
	Calibrated Range 
	Calibrated Range 
	Calibrated Range 
	0.050 -2.00 ng/mL 

	Defined LLOQ 
	Defined LLOQ 
	0.1 00 ng/mL 

	Defined ULOQ 
	Defined ULOQ 
	1.75 ng/mL 

	Inter-assay Accuracy [bias %] 
	Inter-assay Accuracy [bias %] 
	Between -3.40% and 11.6% 

	Inter-assay Precision [CV %] (ICH: Intennediate Precision) 
	Inter-assay Precision [CV %] (ICH: Intennediate Precision) 
	Between 3.70% and 11.3% 

	Intra-assay Accuracy [bias %] 
	Intra-assay Accuracy [bias %] 
	Between -13.7% and 27.6% 

	lntia-assay Precision [CV %] (ICH: Repeatability) 
	lntia-assay Precision [CV %] (ICH: Repeatability) 
	Between 0.433% (VSULOQ 2.00 ng/mL) and 10.7% 


	Testosterone 
	Upon the request ofthe Division of Oncology Products 1 (DOP 1 ), the Office of Study Integrity and Surveillance (OSIS) conducted an inspection ofthe bioanal ical assays used in the measurement oftestosterone concentrations ><" . The OSIS inspection concluded that the bioanalytical assays used for the measurement oftestosterone concentrations are acceptable. Please see OSIS review by Dr. Arindam Dasgupta in DARRTS for more info1mation. 
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	Figure
	Phase 3 Study GP/C/05/PRO: 
	A total of 2066 human plasma samples (N= 163 patients) in Phase 3 Study GP/C/05/PRO were analyzed for the content of Testosterone according to the bioanalytical method "Quantitative Detennination of Testosterone in Human Plasma by LC-MS/MS". Testosterone and the internal standard were extrncted from plasma by liquid/liquid-extraction. The samples were analyzed by 
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	Reference ID: 3734222 
	LC-MS/MS using Turbo Ion Spray Ionization and Multiple Reaction Monitoring (MRM). The standard curves were linear in the measured range of 0.100 ng/mL to 10.0 ng/mL. The lower limit of quantification was 0.100 ng/mL using 0.250 mL plasma. 
	Table 9. Characteristics of the LC/MS/MS Method Used to Measure Testosterone. Plasma Concentration in Trial GP/C/05/PRO. 
	Figure
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