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1 Executive Summary

ELIGARD® 45mg (Atrix laboratories; NDA 21-731) is a six-month, controlled release
polymeric depot injection of leuprolide acetate intended for the palliative treatment of
advanced prostate cancer. Leuprolide acetate is a synthetic agonist of the gonadotropin
releasing hormone (GnRH or LH-RH). The agency had previously approved the
Eligard® 7.5 mg, 22.5 mg and 30 mg formulations for sustained release of leuprolide over
one, three and four months, respectively for the prostate cancer indication. The sponsor
conducted a pivotal clinical trial in 111 prostate cancer patients dosed with two :
subcutaneous ELIGARD® 45 mg injections at six month intervals. The PK/PD subgroup
of this study involved 27/28 patients with intensive pharmacokinetic sampling. As
intended by its design, the ELIGARD® 45mg formulation demonstrated a slow and
sustained release of leuprolide acetate over a period of 6 months. There was no evidence
of significant accumulation after the second injection. The testosterone suppression (to
below castration) was achieved in 100% of the PK/PD patients following the first dose
and was maintained at these low levels by the second dose. In vitro release testing
method and release specifications have been proposed and reference has been made to
previously approved ELIGARD® NDAs to support the safety and efficacy of ELIGARD®
45mg.

1.1 Recommendation

NDA 21-731 is acceptable from a clinical pharmacology and biopharmaceutics
perspective.

1.2 Phase IV Commitments
None.

1.3 Summary of clinical pharmacology and biopharmaceutics findings

The sponsor has conducted a phase 3 (pivotag clinical trial to investigate the safety,
pharmacokinetics and efficacy of ELIGARD"™ 45 mg in prostate cancer patients.
Summarized below are the important aspects of this study in the clinical pharmacology &
biopharmaceutics perspective: :

Pivotal clinical trial (AGL.0205): A 12-month, open-label, fixed-dose phase 3 clinical
trial was conducted in 111 advanced prostate cancer patients (mean age: 73.2 years) to
evaluate the safety, tolerance, pharmacokinetics and endocrine efficacy of two
consecutive (six months apart) doses of ELIGARD® 45 mg formulation. The PK/PD
subset consisted of 27/28 patients who had intensive blood sampling for the
determination of pharmacokinetics (serum leuprolide)/ pharmacodynamics (serum
testosterone) following the first and second injections of the drug product.




Pharmacokinetics: ELIGARD® 45 mg injections resulted in a multiphasic leuprolide
concentration versus time profiles characterized by a distinctive burst phase and a plateau
phase, consistent with the release mechanism of this polymeric drug product.

Following the first and second SC injections of ELIGARD® 45 mg formulation,
maximum leuprolide concentrations (Cpax) of 82.0 and 102.4 ng/ml, respectively were
observed at a Ty, of ~ 4.5 hours post-dose. After the initial “burst phase” in which drug
concentrations peaked and declined at a rapid rate (0- 3 days), serum leuprolide
concentrations then declined gradually and were generally maintained between 0.2-2.0
ng/ml during the “plateau” phase (days 3-168) of the release. The total systemic
exposures (AUCq.¢ monts) following the first and second doses of ELIG_rARD® 45 mg SC
injection were comparable (5922 versus 5573 ng.hr/ml, respectively) suggesting absence
of leuprolide accumulation upon repeated injections.

Pharmacodynamics: Within the PD subset of 28 patients, clinical castration
(Testosterone <50 ng/dL) was achieved in 100 % of patients by day 28. In response to
leuprolide exposure, mean baseline testosterone levels in these patients rose initially to
584.5 + 48.6 ng/dl on day 3, fell to 30.4 £+ 3.0 ng/dL on day 21, and then remained
between 5.8 — 11.6 ng/dL for the remainder of the study period. The second injection did
not cause acute increases in serum testosterone but in fact maintained the testosterone
suppression that was achieved by the first dose. Serum testosterone remained suppressed
in all patients for the entire study duration (12-months).

In addition to the changes in serum testosterone concentrations, reduction in
serum luteinizing hormone (LH) concentrations and serum prostate specific antigen
(PSA) to the desired threshold (secondary measures of efficacy) during the two six month
dosing periods provided additional evidence of the pharmacodynamic effect of
ELIGARD® 45 mg formulation.

Intrinsic factors: No subpopulation analysis was conducted for ELIGARD® 45 mg.
Elderly patients made up a substantial portion of the patients whose pharmacokinetics
were evaluated in the pivotal clinical trial of ELIGARD® 45 mg, which included patients
between the ages of 50 and 85 years. The clinical pharmacokinetic subset in the
ELIGARD® 45 mg phase 3 study included patients identified as white, black, and
Hispanic, who ranged in weight from 56 to 121 kg. These patients had a variety of
concomitant disease states, took various medications, and exhibited a range of clinical
chemistry and hematologic abnormalities during the study. ELIGARD® 45 mg provided
sustained leuprolide release and sustained testosterone suppression in all pharmacokinetic -
subgroup patients.
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2.1  General Attributes

2.1.1 Regulatory background

ELIGARD® (leuprolide acetate) formulations for subcutaneous injection have been
previously approved by FDA for the palliative treatment of prostate cancer at three
different strengths: 7.5 mg, 22.5 mg and 30 mg formulations designed to cause controlled
drug release over 1 month, 3 months and 4 months, respectively. The NDA numbers for



these three previously approved formulations are 21 343, 21-379 and 21-488,
respectlvely The current submission for ELIGARD® 45 mg (NDA 21-731) is fourth in
this series and represents the first 6-month formulation of leuprolide acetate for the
prostate cancer indication.

2.1.2 Physicochemical properties

The active ingredient of ELIGARD® 45 mg is leuprolide acetate [CsoHgalN1601,0CoH40x,
MW of free base: 1209.4]. Leuprolide acetate is a synthetic nonapeptide analog of
naturally occurring gonadotropin releasing hormone (GnRH or LHRH). Replacement of
glycine in position 6 by a D-isomer of leucine renders the GnRH analog resistant to
enzymatic cleavage and greatly increases its circulating half-life (around 3.5 hours)
compared to native GnRH that has a short half-life of less than 15 minutes. The analog is
approximately 80-100 times more potent than the natural hormone. The chemical name
of leuprolide acetate is 5-oxo-L-prolyl-L-histidyl-L-tryptophyl-L-seryl-L-tyrosyl-D-
leucyl-L-leucyl-L-arginyl-N-ethyl-L-prolinamide acetate with the following structural
formula:
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Figure 1: Leuprolide (Glu-His-Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro-N-EthylAmide) acetate.

2.1.3 Formulation characteristics

ELIGARD® 45 mg is prefilled and supplied in two separate, sterile syringes whose
contents are mixed immediately prior to administration. One syringe (syringe A)
contains the ATRIGEL® Delivery System and the other (syringe B) contains the active
drug, 45 mg leuprolide acetate (equivalent to approximately — leuprolide free base).
ATRIGEL® is a biodegradable polymeric delivery system consisting — of 85:15
poly-(DL-lactide-co-glycolide). (PLG) polymer dissolved in —— of biocompatible
solvent, N-methyl-2-pyrrolidone (NMP). The approximate weight of the administered
formulation is 375 mg. The approximate injection volume is 0.375 mL.

— Upon subcutaneous injection of the delivery system containing the suspended
drug, the water-miscible NMP diffuses into the surrounding tissue as aqueous
extracellular fluid permeates into the implant. This process leads to coagulation of the
water-immiscible PLG to form an implant in situ. Rapid release of a portion of the
leuprolide acetate (LLA) solute during the initial diffusion of NMP is termed the burst
phase (Cyax). The remaining LA stays within the PLG implant by physical entrapment,
non-polar binding forces and weak hydrogen bonding. Longer-term release (plateau
phase) of this portion of the drug content from the implant occurs at a slower, steadier
rate via two mechanisms: dissolution and erosion. The dissolution phase involves LA



L
Because of the compositional and therapeutic similarities of the four ELIGARD®
formulations, clinical data on the ELIGARD® 30 mg (four-month), ELIGARD® 22.5
mg (three-month) and ELIGARD® 7.5 mg (one month) formulations that support the
safe and effective use of ELIGARD® 45 mg are included in this application.

Table 1: A comparison of the ELIGARD® 45 mg to other ELIGARD® formulations.

Table2 Comparison of ELIGARDE Formulatious for SC Administration
Formulaiion ELIGARD® ELIGARDR ELIGARD® ELIGARD®

45 mg 30 mg 22.5 mg 7.5 mg
NDA Reference 21731 21488 21379 21.343
Freguency of Quce evety six Ongce every four | Onee every three ot eitesy
Adminisiration months wonths mgiths Once per month
Active drug Leyprolide acetate | Leuprolide acetats | Leaprolide scetate | Leuprolide acetate
{Dose) (45 mg) {30 mg) {22.5 mg) {7.5 mg)
Drug boating
(/) - D
Polymnr {ype PLG 3 -

- X PLG PLG PLGH

(Enctidelglycolide - iy 5775 anic
vatio) (85/15) (75/23) (75/25) {30/30)
Pplymer Mol Wi.
Aceeptanice 16-26 kDa 13-21 kDa 15-21 kDa 23.43kDa
Criterin : |
Polymer
(% by wt.) S \ i
NMP Solvent \
{% by wt.) :
Injection mass 0375 |  oseog | o3me | o02s0g

Although the formulations have qualitatively similar components, they differ in the drug
load, lactide/glycolide subunit ratio and molecular weight ranges of the polymer in order
to achieve the desired rate of drug release.

2.1.4 Mechanism of action

In males, acute administration of leuprolide acetate causes an initial increase in
circulating levels of luteinizing hormone (LH) due to the sensitization of the pituitary
gonadotropin receptors. The LH surge leads to a transient increase in the gonadal
steroids testosterone and dihydrotestosterone. However, continuous release of leuprolide
acetate from a long-acting depot formulation such as ELIGARD® 45 mg results in
desensitization and down regulation of the receptors, thereby decreasing the production
of LH and consequently testosterone, which is reduced below castrate threshold (< 50
ng/dL). This androgen depletion can occur within two to four weeks after initiation of
treatment and is reversible upon discontinuation of drug therapy.



2.1.5 Therapeutic indication

The proposed indication for ELIGARD® 45 myg is palliative treatment of advanced
prostate cancer. Testosterone is necessary for prostate growth and development, and it
also serves as a profound stimulator of malignant progression. Decrease in testosterone to
castrate levels (< 50 ng/dL) helps in reducing pain, urinary problems and other symptoms
associated with prostate cancer.

2.1.6 Proposed dose and route of administration

ELIGARD®45 mgis a sterile polymeric matrix formulation of leuprolide acetate for
subcutaneous injection. It is designed to deliver 45 mg of leuprolide acetate at a
controlled rate over a 6-month therapeutic period.

2.2 General Clinical tharmacology

What are the design features of the clinical pharmacology and clinical studies used to
support dosing or claims?

e Pivotal clinical trial (AGL0205): Atrix laboratories, Inc., has conducted a pivotal
phase 3 study entitled: A 12-month, open-label, fixed-dose study to evaluate the
safety, tolerance, pharmacokinetics and endocrine efficacy of two doses of LA-
2580 45 mg in patients with advanced prostate cancer.

This multi-center study was conducted in 111 male patients (aged 50-86
years; mean 73.2 yrs) with Jewett stage A2, B, C, or D adenocarcinoma of the
prostate. The racial distribution of these patients was as follows: White (75.7 %),
Black (17.1 %), Hispanic (5.4 %), Asian (0.9 %), other (0.9 %). While all 111
patients received at least one injection, 106 patients received a SC injection of
ELIGARD® 45 mg once every six months for twelve months, for a total of two
injections. Pharmacodynamics was assessed in a subgroup of 28 patients and
pharmacokinetic data was available and evaluated in 27 patients in this subset
during each of the two six-month (168-day) dosing intervals.

e Supportive information: In addition, data from clinical pharmacokinetic studies
of ELIGARD® 30 mg (4 months; NDA 21-488), ELIGARD® 22.5 mg (3 months;
NDA 21-379) and ELIGARD® 7.5 mg (1 month; NDA 21-343) formulations is
also provided in the submission. These formulations have been approved by FDA
for use in the palliative treatment of prostate cancer. Because of compositional
and therapeutic similarities of these three previously approved ELIGARD®
formulations with the proposed formulation (ELIGARD® 45 mg), data from those
clinical trials was referenced in the submission as supporting information.

What is the basis for selecting the response endpoints and how are they measured in
clinical pharmacology and clinical studies?

e The primary efficacy endpoint for this study was the proportion of patients in
whom the serum testosterone concentration was suppressed to castrate levels by
month 1 (day 28). In addition the efficacy was also assessed in terms of the
cumulative proportion of patients maintaining castrate testosterone suppression
through out the dosing interval (in this case 6 months).



e Because prostate cancers are dependent on circulating androgens, hormonal
manipulation using GnRH analogs is the mainstay of symptomatic treatment in
contrast to surgical castration that may be undesirable to many patients.
Testosterone concentration <50 ng/dL is generally accepted as castrate level

- needed to achieve adequate symptomatic control. The agency accepts a 4-week
time frame for the achievement of clinical castration in patients. This has been
based upon the fact that most people receiving Lupron depot (“gold standard” for
LHRH agonist therapy) achieve castration level by week 4 and also because 4
weeks is a reasonable amount of time for these patients to wait for purposes of
treatment. '

¢ Serum testosterone concentrations were determined at screening, and baseline
(day 0) before injection of study drug. Post injection testosterone concentrations
were determined at day O: Hours 2, 4 and 8, Days 1,2, 3, 7, 14, 21, 28, 35, 42, 49,
56,70, 84,98, 105, 112, 119, 126, 133, 140, 147, 154, 161, 168 (month 6): Hours
" 0 (pre-second dose), 2, 4, 8 following the second injection, days 169, 170, 171,
175,182, 189, 196, 203, 210, 217, 224, 238, 252, 266, 273, 280, 287, 294, 301,
308, 315, 322, 329, and 336 (month 12). Serum testosterone levels were measured
employing a validated radioimmunoassay (RIA) method with a LOQ of 3 ng/dL.
e Other secondary measures of efficacy include serum luteinizing hormone (LH)
concentrations (obtained at the same time points as testosterone measurements,
except for the screening sample) and serum prostate specific antigen (PSA).
While decrease in serum testosterone and LH demonstrate leuprolide-mediated
suppression of steroidogenosis (thus confirming the drug-response relationship),
PSA levels act as surrogate marker for disease progression. In addition to these
surrogate endpoints, direct evidence of efficacy was derived from clinical efficacy
endpoints including measures of bone pain, urinary pain and urinary signs &
symptoms, and WHO performance status scores.

Are the active moieties in the serum appropriately identified and measured to assess
pharmacokinetic parameters and exposure response relationships?
Yes. Serum leuprolide (PK) and serum testosterone (PD) concentrations
following SC injection of ELIGARD® 45 mg were determined using validated
analytical methods in order to obtain relevant exposure-response information.

e Concentrations of leuprolide in blood serum, from a subset of patients designated
as Group A (n = 27), were assessed from the samples taken at the following
scheduled visits: Day O (prior to dosing, and hours 2, 4 and 8 post-dosing), Days
1,2,3,7,14, 21, 28, 35, 42, 49, 56, 70, 84, 98, 105, 112, 119, 126, 133, 140, 147,
154, 161, 168 (month 6: prior to dosing and hours 2, 4 and 8§ post-dosing), days
169, 170, 171, 175, 182, 189, 196, 203, 210, 217, 224, 238, 252, 266, 273, 280,
287,294, 301, 308, 315, 322, 329, and 336 (month 12).

e Leuprolide concentrations in serum were measured by a validated liquid
chromatography-tandem mass spectrometry (LC-MS/MS) method in which
samples were purified using liquid-solid phase extraction. The assay lower limit
of quantitation was 50 pg/ml (0.05 ng/ml). The LC-MS/MS assay employed is
specific for leuprolide. Four known metabolites of leuprolide (M-I, M-II, M-III
and M-IV) were shown not to interfere with a similar LC/MS/MS assay.
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What are the characteristics of the exposure-response relationships for fﬁcacy?
o Concentration-response relationship: The serum leuprolide concentrations
following the first and second doses of ELIGARD® 45 mg administered at
six month interval are tabulated below, along with the corresponding

changes in serum testosterone concentrations.
Table 2: Serum leuprolide and testosterone concentrations in PK/PD subgroup patients (n = 27/28)
following the 1st dose of Eligard® 45 mg. Concentrations are provided as mean + S.E.M

Concentration-response relationship was assessed by correlating the changes in

the pharmacodynamic endpoint i.e. testosterone serum concentrations, with serum
leuprolide concentrations obtained at the same time points following SC injection
of ELIGARD® 45 mg.

Exposure-Response

 Time (days)  *Leuprolide (ng/ml) Testosterone (ng/dL) -
} : . ? e

4323 %145

| 58816239

128+0.12 420.8£20.7

0.79 = 0.08

34,78 +3 .38

35 1.19£0.28 13114273

11.94£275

70 12234412

10.05 £0.49

126 10.04 £0.57
140 (M5) 0.31£0.06 10.08 £ 0.52

154 854043
161

168 (Month 6) 021+008  10.4+0.54




Table 3: Serum leuprolide and testosterone concentrations in PK/PD subgroup patients (n =
27/28) following the 2nd doses of Eligard® 45 mg. Concentrations are provided as mean +
SEM

0.71 £0:11

0.63 £0.17

1252 (MO9)

273 ; 0.51 +0.11 6.93+£04

287 0.55+0.21 Sl JT2+0.55

301 . 0.32 +0.04 : '9.63 £0.75

315 0.29 £0.04 12:4+1.69
1t

329 : 0.2+0.04 12.17+1.82
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Figure 2: Mean serum Leuprolide and Testosterone after two consecutive SC doses, at baseline (Day
0) and month 6 (Day 168) in patients with advanced prostate cancer (n = 23-28).

e After each SC injection of ELIGARD® 45 mg, mean serum leuprolide levels
peaked during the first day (Tmax ~ 4.5 hours), fell rapidly during the next three
days, and then declined more slowly, maintaining levels between 0.2-2.0 ng/ml
for the remainder of the six month dosing interval.

e In response to this pattern of leuprolide exposure, mean serum testosterone levels
in the PK subset (n = 28) rose initially to 584.5 + 48.6 ng/dl on day 3, fell to 30.4
+ 3.0 ng/dL on day 21, and then remained between 5.8 — 11.6 ng/dL for the
remainder of the 336 day study.

e Serum testosterone did not increase in response to the second dose of ELIGARD®
45 mg, but remained suppressed in all patients in the PK subset during the entire
second dose interval. This is because the sustained exposure of the pituitary
gonadotropin receptors to leuprolide following the first injection has rendered
them insensitive to further stimulation by GnRH or its analogs. Therefore a
second dose was successful in maintaining the castration that was brought about
by the first ELIGARD® 45 mg injection.

e Dose-response relationship: Pivotal study (AGL0205) was a fixed-dose, non-
comparative, open-label study. All patients were to receive two identical
injections of ELIGARD® 45 mg given once every six months. No dose response
was performed with ELIGARD® 45 mg.
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What is the time of onset and offset of the desirable pharmacological response or clinical
endpoint?

Within the PD subset of 28 patients, clinical castration (defined as Testosterone
concentration of <50 ng/dL for two consecutive time points approximately one
week apart) was achieved in 100 % of patients by day 28. Serum testosterone
remained suppressed in all patients for the study duration (12-months).

In the pivotal study patients, 108 of the 111 (97 %) enrolled patients who received
the first injection achieved castrate suppression by Day 28. Of the three patients
that did not achieve suppression, two patients had withdrawn prior to the 28 day
assessment and one patient (# 2002) failed to achieve testosterone suppression at
any time prior to withdrawing from the study on day 85.

The median time to castrate suppression was 21 days while the mean time to
castrate suppression was 21.2 days.

No patient experienced breakthrough during the first 6 months of the study.
Following the second injection at month 6, testosterone suppression was
maintained throughout the study period i.e. month 12, in all but one patient (#
1402). This patient experienced breakthrough (defined as testosterone values
above castration when they were previously below castration) on day 308
following the second dose and remained so through the end of the study period (T
=210 ng/dL on day 336). .

Leuprolide serum concentrations are not available for patients # 2002 and # 1402.

Table 4: The time of onset and duration of maintenance of the desired changes in the efficacy variables
i.e. decrease in the serum concentrations of Testosterone and LH following two SC injections of
ELIGARD® 45 mg given six months apart are tabulated below for all pivotal trial patients (n = 106-
111; values indicate Mean = SEM) '

1.137£°0.062

" Day 56 (month 2) 1154272 10.111 % 0.009

Month 12 (study end) = - 12.6 2.1 0.229 % 0.14

What are the characteristics of exposure-response relationships (dose-response or
concentration-response) for safety?

Common systemic adverse events found in this study were related to the normal
physiological response following testosterone suppression and consequent
medical castration including: hot flashes, fatigue, weakness, testicular atrophy,
gynaecomastia, night sweats and myalgia.
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e When testosterone was at its peak concentration during days 0-3 post-dose, no
clinically significant increases in the mean scores for bone pain, urinary pain &
symptoms etc were observed, suggesting that there were no flare symptoms.

e In general, the drug was well tolerated when given as two consecutive SC
injections six-months apart.

Does this drug prolong the QT or QTc interval?
The sponsor has not evaluated the QT interval prolongation potential of
ELIGARD® 45 mg. However, it has been observed with leuprolide and other
drugs in this class that a prolongation of the QT interval is caused by the use of
these drugs. This effect is however attributed to the androgen ablation caused by
these drugs (several literature references suggest that androgens have a cardiac
protective effect; also suggested by the presence of longer cardiac repolarization
intervals in females, compared to males) and not due to the direct action of these
drugs onion channels.

2.2.2 Pharmacokinetics:
What are the single dose and multiple dose PK parameters?

e Following the first dose of ELIGARD® 45 mg SC injection, mean serum
leuprolide concentrations rose rapidly to a Cmax of 82.0 + 38.2 ng/ml (range 30.4 —
180 ng/ml) at 4.4 + 1.7 hours (Tmay). The concentrations then fell rapidly over the
next three days, with a day 3 mean concentration of 3.56 + 0.4 ng/ml. Following
this initial “burst” phase, leuprolide concentrations declined slowly over the
remaining duration of the dosing interval (day 3-day 168). The serum
concentrations during this “plateau” phase (includes data on days 7 to 168) were
generally maintained at 0.2-1.8 ng/ml, while individual levels in patients ranged
from — 1.e. BLOQ to - " (subject # 0201).

e When a second dose of ELIGARD 45 mg SC injection was administered at month
6 (day 168), peak serum leuprolide concentrations of 102.4 = 72.1 ng/ml (range
28.4 — 376 ng/ml) at a median Trmax 0f 4.75 £ 2.0 hours. Concentrations then fell
rapidly over the first three days (mean concentration on day 3 was 6.28 + 0.67
ng/ml) following the second injection and then were maintained in the range of
0.2-2.1 ng/ml during the plateau phase, while individual values ranged from <

12



Table 5: Summary of PK parameters after the first (Day 0) and second (day 168 or month 6)
ELIGARD® 45 mg SC injection

 Concentration 168 days after dosing.Bioavailability (F) based on reported AUC of
intravenous leuprolide.

® Bioavailability (F) based on rep

1,

d AUC of i leuproli

¢ Could not be determined, patient withdrew after Day 140.

_BLOQ. below assay limit of quantitation =

A

* Days after administration of second dose.
* Concentration 168 days after dosing.

° Bioavailability (F) based on reported AUC of intravenous leuprolide.
BLOQ, below assay limit of quantitation

Table 6: Comparison of the mean pharmacokinetic parameters of ELIGARD® 45 mg following two
consecutive SC injections at six-month intervals in advanced prostate cancer patients.

Dose 1 Dose 2
Parameter® Phase P-Value®
Mean ( : SD) Mean (£ SD)
AUC Total 5922 (5786) 5573 (2716) NS
Burst 1558 (641) 2357 (1346) <0.01

Plateau 4362 (5668) 3216 (2142) NS

Tuax Burst 443(L7) 4.75(2.0) NS
Conax Burst 82.0 (38.2) 102.4 (72.1) NS
Plateau 6.7 (14.8) 337(3.2) NS

Cain Plateau 0.12 (0.1) 0.12 (0.08) NS
Crau Plateau 0.21 (0.39) 0.20 (0.14) NS

“ Patient 1501, who did not receive the second dose, is excluded. )
® The parameter F, which is a linear transformation of AUCtotal, was not compared.
¢ Deterniined using the Wilcoxon signed-rank test. NS = Not statistically significant using 2-tailed a=0.05.

Total Burst Phase Platean Phase Total

Sabject B;;:y?;)u H(;':;;.l;:;;e (myo-nsa)b ::I;l;:: e (D-;:J)' - — C(D-yuss) ; (mytms)c
Number [ - N 2 ax max max Cmin  Qast AUC F

B B O | N T i P e e
0201 | 19329 646 408 |31109.8 ~~ 330427 5.3 | | 9201 | 29267 844 758 | 89827 j 119094 2.10
0202 | 14312 848 4.08 | 29684 43996 0.78 0202 (27650 111 2,08 | 2818.1 ‘ 55831 098
0203 | 7063 314 8.17| 20879 31042 0.55 0203 {2171.8 114  3.83 | 1695.9 3867.7  0.68
030t [232924 120 7.65 | 37444 6073.64 1.07 0301 | 24716 81 7.50 | 52516 77232 136
0302 | 1817.5. 73.8 3.88 | 3844.1 5661.6 1.00 0302 | 18243 839 3.30 | 2680.7 45050 0.79
0303 | 7475 402 3.83 | 363124 437874 077 | | 0303 | 7938 395 4.05 | 18267 26205 046
0304 | 1549.1 789 393 |3696.56 524566 093 | | 0304 | 599.6 284 403 3638.1 42377 075
0305 | 2460 160 413 | 2996.8 54568 096 | | 0305 {2793.0 119 " 3.98 | 1181.1 39741 070
0306 | 2970 116 3.87 | 67944 97644 172 | | 0306 29444 106 8.07 | 6238.1 91825 162
0307 | 18589 962 3.80 | 3736.1 5595 099 | | 0307 | 19494 3883 7.97 | 8957.8 109072 192
0308 | 13205 624 4.00 | 4277.07 560657 0.99 | | 0308 |2582.7 969 7.85 | 4281.1 68638 121
0701 [ 1317 603 3.92 ( 28588 41758 0.74 0701 [ 10684 399 792 | 23866 34550 0.61
0702 (23063 132 3.67 | 118749 349379 062 | | 0702 (15318 527 3.75 | 3143.0 46748  0.82
Lok | 5042 34 395 6861 13652 130 | | yj01 | 12127 724 403 | 17373 29500 0.52
:‘;8} ig‘;zg 515;;‘ ;-82 27464 337894 060 | | 1401 | 10663 504 375 | 7335 17998 032
o |y e 1t 30 s o | (191|722 758 e o
1602 | 8563 304 8.00 | 31083 39646 070 | | Jo im0 167 375 | 43409 90129 159
2001 | 1725 701 7.75 | 5631.66 735666 130 | | 00 1l att 400 | 3379, 2

. q 4 9.7 49302 087

2201 | 10493 419 7.7 | 2455.1 35044  0.62
20 | 1565 105 408 | 122627 279127 o049 | | 2202 | 16286 €81 400 14156 30442 034
203 | 17902 997 383 | 49654 61556 L1o | | 2203 38260 185 2.00 | 20835 5909.5 1.04
201 | 2861 180 183 | 22856 51466 001 | | 2401 [ 72370 376 353 | 33287 105657 1.86
201 111408 887 200 | 1213.89 235469 042 | | 2701 [ 34020 210 2.00 | 11725 45745 0.1
2702 | 14381 716 4.08 1625.5 3063.6 0.54 2702 | 24258 107 4.00 § 22577 46835 0.83
2703 | 1603.7 812 4.00 | 14996 31033 0.55 2703 15901 741 3.92 ( 18465 34366 0.61
2802-|1082.6 561 3.83 | 3898.9 49815 0.88 | | 2802 |2867.0 144 4.00 | 27777 5644.7  1.00
Mean | 1557.5 8197 443 | 43622 671 012 021 | 59217 1.08 | | Mean [2356.9 1024 475 32156 337 012 020 |55726 098
SD | 6411 3818 1.74| 5667.7 1475 0.10 039 |5785.9 102 SD | 13456 7214 2,011 21421 3.19 0.08 0.14 [27155 048
RSD | 412 4659 393 | 1299 2200 88.58 1835 | 977  97.7 RSD | 57.1 7047 4239] 666 949 648 698 | 487 487
Medin| 1549.1 738 4 | 32239 275 0072 0.102 {4690.6 0.83 | [Medin| 21697 84.15 4 | 27202 243 0111 016 |46792 083
Min . 23547 0.42 Min :
Max 330427 5.8 Max ] —_—
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Reviewer’s comments:
e The ELIGARD® 45 mg formulation resulted in a multiphasic leuprolide

concentration versus time profiles characterized by a distinctive burst phase and a
plateau phase.

The serum leuprolide concentrations and the associated pharmacokinetics
following the first and second doses of ELIGARD® 45 mg suggest lack of
significant accumulation with repeated dosing at 6 month intervals.

Although the Day 0-3 AUC was about 50 % higher after the second dose in
comparison to the first dose (due to high Cmax in one individual as explained
below), the overall AUC did not differ between the two doses.

Following the second dose of ELIGARD® 45 mg, the Cmax in patient # 2401
(376 ng/ml) was 4 times higher than the mean from the other patients (~ 91.5
ng/ml). Following this large initial Cmax, the leuprolide concentrations-in this
patient remained in the range of 0.3-3.4 during the plateau phase (day 4-day 168).
The testosterone levels in this patient remained suppressed below castration and
did not exhibit any acute changes.

1000.0 =o~First Dbse -»- Second Dose

100.0

10.0

1.0

Serum Leuprofide, ngimL (mean, SEM}

Months after Dosing

Figure 3: Pharmacokinetic profile of ELIGARD® 45 mg, showing serum leuprolide levels (mean, SEM)
after two consecutive SC injections at six-month intervals in advanced prostate cancer patients (n = 26-27).

The apparent increases in mean plasma leuprolide concentrations observed at 2 to

3 months after the first and second injections were due to very high values in one
patient (# 0201) [68.7 ng/ml on day 70 (first dose) and 16.1 ng/ml on day 238
(second dose)]. This patient also contributes to the high CV (> 100 %) observed
for the plateau phase Cmax and AUC, while moderate variability was observed

for the burst phase (CV < 50 %). The variability associated with the overall AUC
(0-6 months) was also very high after the first dose (CV 97.7 %) due to the
inclusion of data from patient # 0201. Pharmacokinetic data following the second
dose of ELIGARD® 45 mg was less variable compared to the first dose, especially
with respect to the plateau phase and the overall AUC over six months. Although
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data from patient # 0201 may suggest possible dose dumping from the sustained
release formulation, it still doesn’t explain why these sudden increases in
leuprolide concentration occurred in this patient at around the same time (day 70)
after both the doses. However, because the testosterone concentrations in this
individual remained castrate at these time points and were not altered by the
sudden increase in serum leuprolide concentrations, this observation is not
clinically relevant.

The average plateau phase serum leuprolide concentrations following the first and
second doses were 0.69 and 0.81 ng/mL. Based on the reported clearance value
of 139 £ 30 ml/min (or 8.3 & 1.8 L/h) after intravenous injection of a single 1 mg
bolus dose of leuprolide in humans, the estimated rate of drug release from the
ELIGARD® 45 mg formulation during the plateau phase is 138 and 162 pg/day
following the first and second injections (rate = concentration* clearance).

A single 1 mg intravenous injection of leuprolide acetate in adult males results in
an AUC of 126 = 33 ng.hr/ml (Senello et al; J. Pharm. Sci., 1986). Therefore, the
AUC following a 45 mg intravenous dose of leuprolide acetate would be
approximately 5670 ng.hr/ml. Based on this estimation, the observed exposure of
5922 and 5573 ng.hr/ml following the first and second doses of ELIGARD® 45
mg SC injections in prostate cancer patients suggests extensive absorption and
subsequent mean bioavailability of 104 % (median 83 %) and 98 % (median 83
%) following the first and second doses of the depot formulation.

The Cmin (minimum serum leuprolide concentration observed during any dosing
interval) for many subjects was found to be less than 0.1 ng/ml and in several
instances even below the detection limit (i.e. ———— suggesting that
sustained exposure to leuprolide concentrations that are less than 0.1 ng/ml may
result in adequate testosterone suppression. ‘

There is no pharmacokinetic data available for those patients who exhibited lack
of response to treatment (failure; # 2002) and breakthrough following initial
suppression (escape; # 1402).

This reviewer has compared the PK/PD following the initial injection of Eligard
45 mg to those observed with other Eligard formulations;

o It appears that the total AUC following the six-month formulation was
roughly in the ballpark of what can be expected from administering 6
doses of the 1-month formulation or 2 doses of the 3-month formulation.

o The Cmax for the 6-month formulation was lower than the 3- or 4- month
formulations (desirable from a clinical perspective) and Tmax was similar.

"o In addition, the plateau concentrations were maintained between 0.2-2.0
ng/ml and are consistent with other strengths of Eligard.

o The formulations also did not vary with respect to the initial surge
concentrations of testosterone, the time for castration and the castrate
levels during plateau phase.
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Table 7: A comparison of leuprolide pharmacokinetics and pharmacodynamic endpoints (i.e.
testosterone) following the initial injections of the 1, 3, 4 and 6 month formulations of Eligard.

3646 £ 1100 3551 +990 -

2.2.2.1 Absorption

Leuprolide is inactive if given by oral route as it undergoes rapid enzymatic degradation
by the gut proteases. It is therefore generally administered via subcutaneous or
intramuscular routes. Leuprolide acetate is rapidly and completely absorbed after SC
administration, as suggested by the observed bioavailability of > 97 % following SC
injection of ELIGARD® 45 mg formulation.

2222 Distribution |
The mean volume of distribution (Vdss) after intravenous administration of leuprolide to
healthy male volunteers is reported to be 26.5 + 10.1 L. The in vitro b1nd1ng of radlo

labeled leuprollde to human serum, as measuredby —— — "
ranged from ,suggesting that leuprolide is only weakly bound to plasma proteins

after administration.

2.2.2.3 Metabolism

Metabolites of leuprolide were not assessed in this study. Leuprolide is known to be
metabolized by cleavage of its serine-tyrosine peptide bond to form a pentapeptide
metabolite (M-I), which is further degraded to several di- and tri-peptide metabolites (M-
II, M-III and M-IV). All four metabolites are inactive. The principal metabolite, M-, is
present in serum and urine at lower concentrations than the parent drug.

In healthy male volunteers, a 1 mg bolus of leuprolide administered intravenously
revealed that the mean systemic clearance was 8.3 = 1.8 L/h (139 + 30 ml/min), with a
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terminal elimination T12 of 2.9 + 0.5 hours based on a two compartment model (Sennello
et al. ] Pharm Sci 1986;75:158-60).

2.2.2.4 Excretion
The sponsor did not conduct a drug excretion study with ELIGARD® 45 mg formulation.

Animal studies with 14C-leuprolide showed that 49% to 68% of the radioactivity was
recovered in the urine, mainly as parent drug and the M-I and M-II metabolites,
suggesting that urinary excretion might play an important role in leuprolide elimination.

2.3 Intrinsic Factors

The PK subset of the pivotal trial patients in NDA 21-731 included subjects belonging to
various subcategories based on demographic characteristics, disease state etc. However
no formal sub population analysis was conducted. The sponsor states that ELIGARD®

45 mg provided sustained leuprolide release and sustained testosterone suppress1on in all
pharmacokinetic subgroup patients.

Body weight (BW): The clinical pharmacokinetic subset in the ELIGARD® 45 mg
phase 3 study included patients who ranged in weight from 56 to 121 kg. When these
patients were administered a fixed dose of 45 mg leuprolide acetate (ELIGARD® 45 mg),
there was a trend for decreasing Cmax values with increasing BW (significantly different
with p=0.002). However, due to the wide safety margin of leuprolide, these observed
differences in initial exposure may not be clinically significant. BW did not appear to
have an influence on total observed exposure (AUC ¢.6 months) following a single dose of
ELIGARD® 45 mg (p = 0.5772).

o 8.415+ 0.01968°x
171.3- 0.4985%x

]
o[.)

150

&

50 |

£ 100 |
o

T
105

Total AUC

N
S
s

[
A

3
1

©
L

Q

Figure 4: Effect of bodyweight (BW) on Cmax and AUC of leui)rolide from ELIGARD 45mg.

Age: Elderly patients made up a substantial portion of the patients whose
pharmacokinetics were evaluated in the pivotal clinical trial of ELIGARD® 45 mg,
which included patients between the ages of 50 and 85 years. Within the age group
studied, Cmax exhibits a slight increasing trend with age (not significant). However,
there was no influence of age on total observed AUC (p > 0.05).
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Figure 5: Effect of patient age on ELIGARD 45 mg pharmacokinetics; patient # 0201 was excluded from
the right (AUC vs age) plot.

Race: There was no significant impact of race (7 blacks, 17 whites and 3 Hispanics) on
leuprolide pharmacokinetics. The mean Cmax values in blacks, whites and Hispanics
were 62 + 24, 89 + 39 and 87 + 51 ng/ml, respectively. The mean total AUC(0-6
months) was 4505 + 1480, 6763 & 7247 and 4737 + 1763 ng.h/ml, respectively in the
black, white and Hispanic populations following the first dose. None of these differences
were statistically significant.

No apparent relationship was observed between the various exposure parameters (Cmax,
Cmin, AUC) and pharmacodynamic endpoints (testosterone peak, time for castration)

In addition, these patients had a variety of concomitant disease states and exhibited a
range of clinical chemistry and hematologic abnormalities during the study. However,
the sponsor did not attempt to correlate the observed exposure or response parameters
with any of these intrinsic factors.

Women and pediatric subjects were not included in the clinical studies described in this
application, which seeks approval to market ELIGARD® 45 mg for the treatment of
advanced prostate cancer in men.

2.4 Extrinsic Factors

Drug-drug interactions: No pharmacokinetic drug-drug interaction studies were
performed with ELIGARD® 45 mg. No drug-drug interactions have been described for
other preparations of leuprolide acetate, which does not appear to be metabolized by
Cytochrome P450 or other phase I or phase II pathways that could lead to metabolic
interactions with other drugs. Pharmacokinetic drug-drug interactions are unlikely to be
observed with ELIGARD® 45 mg because leuprolide is primarily degraded by
peptidase(s), and is less than 50% bound in the plasma.

2.5 General Biopharmaceutics

Dose selection:
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The sponsor provides the following rationale for dose selection in ELIGARD® six month
formulation: The dose for the six-month ELIGARD® 45 mg formulation was selected by
proportionally increasing the leuprolide acetate dose of the four-month ELIGARD® 30
mg formulation to 45 mg, along with modification of the formulation co-polymer that
resulted in a six-month release profile. This resulted in six-month duration of activity in
animal models and human clinical trials. Because serum levels below the assay limit of
quantitation (0.05 ng/mL) might be associated with incomplete suppression of pituitary
gonadotropin secretion, and the wide safety margin of leuprolide acetate, lower doses
were not investigated for the ELIGARD ® 45 mg. In addition, a review of the clinical
literature found two dose-ranging studies that determined the objective response
following monthly treatment with 3.75 mg and 7.5 mg leuprolide acetate. These studies
suggested a trend (not statistically significant) toward a better objective response with the
larger dose (Akaza et al. J Int Med Res 1990; 18(1):90-102 and Akaza et al. Jpn J Clin Oncol 1992;
22:177-184). These data supported the selection of a 45 mg dose of leuprolide acetate for
the six-month product.

Formulation: The two lots (1522 & 1582) of ELIGARD® 45 mg used in the phase 3
clinical trial (AGL0205) represent the same drug formulation used in the to be marketed
product, and no other formulation or significant manufacturing changes were
implemented during the clinical trials (Page 221, Volume 2. 1) .
Although the drug substance (leuprolide acetate) employed in the clinical trials and for
the to-be-marketed formulations is from two different sources . ~————- " "
because the clinical trial employed two lots (1522 and 1582 for the first dose and second
dose, respectively) that were manufactured using drug substance from each of the above
sources, bridging information in the form of in vitro dissolution comparison and clinical
(PK/PD) data is available to demonstrate comparable release and pharmacokinetic

profiles.

In vitro release testing method (T667): The proposed release testing method for
ELIGARD® 45mg is non-physiological in nature with no in vivo relevance and is meant
strictly for ensuring quality control. Therefore the release specification setting is being
handled by chemistry. Nevertheless a brief description of the method and important
results together with CMC’s recommendation is given below.

The T667 method employs accelerated release testing designed to produce close to —
testmg perlod In method T667 the constituted ELIGARD@ 45

release within a
mg product (375 mg) L
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T667 Method Summary

= )

| )

Samples are taken at 6, 24 ana —  All samples are assayed by — HPLC to determine
the cumulative amounts of leuprolide acetate released, which are reported as percentages
of the finished product label claim of 45 mg leuprolide acetate. The proposed release
specifications for ELIGARD 45mg are shown below:

Table 8: Proposed release specifications for ELIGARD® 45mg._

sney
Extended Release T667 | Mean % of Theory | Not less thai No individual unit
(Cumulative % Release) 45mg individual unit result is more than
results are within + +15% of the
Mean and individual 10% of the acceptance criteria
results are reported as acceptance criteria { for mean results.
whole numbers. for mean results.
Min. Max. Min. Max. | Min. Max.
6 hour 25 ’ 35 . 40
24 hour 27 62 | 17 72 |12 77
54 hour 75 65 60
| Tier 1: If any acceptance criterion is not met, proceed to
I Tier 2: An additiona, ~mits are tested. Results from ~ wmust meet all acceptance criteria,

The release rates from constituted products of clinical lots 1522, 1582 and 1582A using
method T667 are shown below. Note that while the mean release rate was within the
acceptance criteria at all time points, individual units fell out of specification at one or
more time points during — testing. — testing allows for testing of 6 additional
individuals and all individuals need to be within the acceptance criteria to qualify a lot.
Although' — testing was not done for these initial lots, stability lots that failed —
testing have been shown to pass — testing.

Table 9: In vitro release profiles for the clinical lots employed in pivotal trial.
ing time Units

s
—

>6 hoﬁfs

-
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———————— e 4
" 165(12:6) 127 (129)

54 hout mean 88.7(5.9) - - 81.4(15.1)
: _(8D)- _

The following changes to the mean elution specifications for ELIGARD 45 mg proposed
by CMC were accepted by the sponsor:
6 hours: NMT —
24 hours: ——
54 hours: NLT _
Additional comments: During the method development it was observed by the sponsor
that this method was unable to adequately discriminate between acceptable lots and
unacceptable lots 1.e. those with polymer MW and solvent content (NMP specifications)
outside pre-specified ranges, thereby raising a concern regarding the usefulness of the
method in maintaining product uniformity. Changes in polymer molecular weight,
lactide-glycolide ratio and solvent content may alter the density, viscosity, porosity
characteristics of the delivery system and thereby impact the release characteristics of the
final product. The sponsor acknowledges that the method does not discriminate
adequately but maintains that this should not be a concern as the method is anticipated to
be used in conjunction with other analytical methods that can identify out-of-range
polymer and solvent specifications. Because drug release profile from this controlled
release long-acting formulation is dependent on the performance of the delivery system,
this apparent lack of sensitivity in the release testing method should be adequately
addressed by the sponsor. These observations have been conveyed to the CMC
reviewer. The sponsor has accepted Chemistry’s recommendation to tighten the
acceptable range of polymer MW to

Manufacturing site considerations (issue identified during filing)
e Eligard® 45 mg final product is comprised of two syringes, A and B. SYRINGE
A consists of ATRIGEL polymeric delivery system comprised of poly (DL-
lactide —co-glycolide) (PLG) and N-methyl 2-Pyrrolidone (NMP). Atrix
Laboratories is the proposed primary site of manufacturing for Syringe A.
SYRINGE B consists of the active ingredient, leuprolide acetate. The
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manufacturing process for syringe B primarily involves filling of drug solution in
water for injection (WFI) into syringes, - Atrix
laboratories, Inc., (primary siteyand ———— ——————
alternate site) are the proposed manufacturing sites for syringe B. The two
syringes are packed together as the finished drug product at Atrix laboratories Inc.

e Clinical trials for ELIGARD® 45 mg employed finished drug products from Lots
1522 and 1582 (manufactured in 2002). These finished products consisted of
drug-containing syringes (syringe B) manufactured entirely in the alternate site,

— No clinical trials were conducted employing
drug-containing syringes manufactured in the proposed primary site, Atrix
laboratories, Inc.

e The finished drug product for ELIGARD 45 mg is an extended release (ER)
formulation that is formed when contents from syringe A and syringe B, are
mixed prior to injection. However, the leuprolide acetate contained in syringe B is

o " product prepared from a solution of leuprolide acetate in WFI
(immediate release, IR) and therefore variations in the manufacturing site for this
syringe may not have an impact on the extended release characteristics of the final

B

e These possibilities were discussed with ———————————— and Dr. De
(chemistry reviewer) and the sponsor was asked to provide in vitro release
comparison data for the final drug product obtained after mixing contents of
syringe A, with syringe B obtained from the two proposed sites of manufacture
(Atrix ¢ — ). It was also recommended that the {2 test be used to compare
dissolution profiles and confirm similarity.

e The sponsor submitted the requested information in a final amendment to NDA.
Three lots were manufactured in the Atrix facility in 2004 (Lots 1847, 1848,
1849) and the release testing was performed using the T667 method. All three
Atrix lots demonstrated comparable release profiles with the clinical lots
manufactured at ~—— (lots 1522 and 1582) as seen from the release profiles and
the values of similarity factor, f2 (f2 =50 indicates similarity). '

Table 10: In vitro release rates (mean%; range) from lots manufactured at two different sites (Atrix
.. Note that only the -—Jots were used in the clinical trials.
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The results of dissolution profile comparison (f2 factor calculations) in general
demonstrate acceptable similarity between the release profiles of lots manufactured at
Atrix = Although the above presented information constitutes the most relevant
information for this comparison, the sponsor also provided lot to lot comparisons of the
Atrix batches with the primary stability lots manufactured in. ~— Some of the {2 values
for release comparison were less than — but the sponsor notes that this is likely because
the lots from Atrix and ~— were all not tested for release within the same time frame
which would normally take care of potential bias due to assay method variability. The
sponsor also notes that for lots manufactured and tested within the same time frame in

~——the similarity factors were less than —en few occasions suggesting apparent
difference between product lots manufactured at the same site. However, considering the
most relevant lots as seen above i.e. the clinical lots 1522 and 1582 and the new Atrix
facility lots, overall it appears that the lots manufactured at the two proposed sites have
acceptable similarity.
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Delivered mass: ELIGARD® 45 mg formulation is designed to deliver 45 mg of
leuprolide acetate subcutaneously within a nominal delivered mass of 375 mg of
constituted product. The mean delivered mass for the two phase 3 study lots was
determined at various time points during stability testing (Table 11). These studies
demonstrated that the mean delivered mass was maintained at approximately 375 mg for
both phase 3 clinical lots (# 1522 and 1582) with an individual unit range between 337.3
mg and 387.6 mg and acceptable variability ————— "7 as judged by USP mass
content uniformity criteria. These data demonstrate the reproducibility of the total mass
delivered by the ELIGARD® 45 mg dosing system, and suggest that the actual doses
administered to patients in the pivotal study were accurate and consistent.

Table 12: Delivered mass data for phase 3 study lots.

Table 10 Detivered Mass Data for Phase 3 Study Lots

Methed Tiwe Point | Afean Beliversd | Delivered Dass
(monthsy” |  Mags (mg) {% of Nominal)

Constitute, . r

Dispense and N
Weigh" \ -\ -
Constituie,

Disponse und \J
Weigh' B L/

C

2.6 Analytical methods

RSD (%) Min (mg) Max (mg) N

[

2.6.1 Leuprolide analysis

Leuprolide (CsoHgaN16012.CH3;COOH; MW: Retention Time: —
' concentrations in serum samples obtained during the phase 3 —__
pharmacokinetic evaluation of ELIGARD® 45 mg (AGL0205) were measured by a
validated LC-MS/MS method in which samples are purified by solid-phase
extraction, separated by HPLC and detected by tandem mass spectrometry. The
method uses ——  leuprolide or Leuprolide-Dyo (CsoH74N16012D10.CF3COOH;
MW: ———Retention Time: ~ ———-—. ) as the internal standard and monitors
_ . Calibration was accomplished by weighted '
linear regression of the ratio of the peak area of leuprolide to that of the added
internal standard. The method was found to be specific for leuprolide with no
interference from any of the molecules endogenous to serum. No interference was
observed for leuprolide with the internal standard.

Validation results:

r T
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Reviewer’s comments:

The LC-MS/MS method employed for leuprolide analysis in human serum samples
appears adequately validated with accuracy and precision values within agency
recommended boundaries (+ 15 % for all samples, except at LLOQ, where + 20 % is
acceptable).

2.6.2 Testosterone analysis

Serum testosterone levels were measured in samples from the pivotal phase 3 study
(AGL0205) by an RIA (radioimmunoassay) method.

- g
, —
. _

Reviewer’s comments:

- o
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3 Labeling recommendations
Labeling recommendations have been communicated to the sponsor. The final approved

labeling for Eligard 45 mg can be found in DFS.

4 OCPB Filing and Review Form

Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

General Information About the Submission

Information Information

NDA Number 21-731 Brand Name Eligard® 45 mg

OCPB Division (1, 11, III) DPE2 Generic Name Leuprolide acetate

Medical Division DRUDP Drug Class GnRH agonist

OCPB Reviewer Dr. Sandhya Apparaju, Ph.D Indication(s) Palliative treatment for
Pancreatic cancer

OCPB Team Leader Dr. Ameeta Parekh, Ph.D Dosage Form Suspension(extended release)

Dosing Regimen Once every 6 months

Date of Submission 02/20/04 Route of Administration Subcutaneous

Estimated Due Date of OCPB Review | 12/03/04 Sponsor Atrix laboratories

PDUFA Due Date 12/17/04 ' Priority Classification 3S

Division Due Date 12/10/04

Clin. Pharm. and Biopharm. Information

“X” if included Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed

STUDY TYPE

Table of Contents present and sufficient to X
locate reports, tables, data, etc.

Tabular Listing of All Human Studies

HPK Summary

Labeling

ElEal bl

Reference Bioanalytical and Analytieal
Methods

L. Clinical Pharmacology

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase I) -

Healthy Volunteers-

single dose:

multiple dose:

Patients-

single dose:

multiple dose:

Dose proportionality -

fasting / non-fasting single dose:

fasting / non-fasting multiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -

ethnicity: X

gender:

pediatrics:

geriatrics: X

renal impairment:

hepatic impairment:

PD:

Phase 2:

Phase 3: X

PK/PD:
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Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial: X 1 1 Reviewed in detail the PK/PD data
from one pivotal study; Referred to
supportive information from
previous NDAs on a need only
basi

Population Analyses - X

Data rich:

Data sparse:

II. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies - X

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution: X Dissolution data reviewed but final
spec setting deferred to chemistry,

as the release method is for quality
control purposes.

IVIVC):

Bio-wavier request based on BCS

BCS class

III. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References X

Total Number of Studies g

The clinical trial and the to-be-marketed formulations for Eligard 45 mg are reported to be identical.

Although the drug substance (leuprolide acetate) employed in the clinical trials and for the to-be-marketed formulations is from two different
sources, bridging information (in vitro and clinical) is provided to demonstrate comparable release and pharmacokinetic profiles.

A specific LC-MS/MS method is used for analysis of leuprolide. The validation renort is provided and appears adequate. Testosterone analysis was
carried out employing RIA method that shows cross-reactivity with, . — ———=— . Sponsors claim that
chromatography procedures prior to RIA increase the specificity of the method for testosterone analysis.

The sponsor has submitted 5 studies that include one pivotal phase 3 clinical study of Eligard 45 mg and four study reports for previously approved
Eligard products, as supporting information.

The analyses on subpopulation groups, population PK/PD and bioequivalence issues have been deduced from the pivotal Phase 3 study results and
are not submitted as separate studies.

The effect of hepatic and renal impairment on the PK of Eligard 45 mg has not been evaluated.

“X7 if yes Comments

Application filable ? X Reasons if the application s not filable (or an attachment if applicable)
For example, is clinical formulation the same as the to-be-marketed one?

Comments sent to firm ? Comments have been sent to firm {or attachment included). FDA letter date
if applicable.

QBR questions (key issues to be considered)

Other comments or information not
included above

Primary reviewer Signature and Date Sandhya Apparaju, 03/23/04

Secondary reviewer Signature and Date
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Office of Clinical Pharmacology and Biopharmaceutics

New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number 21-731 Brand Name Eligard® 45 mg
OCPB Division (I, IL, ITI) DPE2 Generic Name Leuprolide acetate
Medical Division DRUDP Drug Class GnRH agonist
OCPB Reviewer Dr. Sandhya Apparaju, Ph.D Indication(s) Palliative treatment for
Pancreatic cancer
OCPB Team Leader Dr. Ameeta Parekh, Ph.D Dosage Form Suspension(extended release)
Dosing Regimen Once every 6 months
Date of Submission 02/20/04 Route of Administration Subcutaneous
Estimated Due Date of OCPB Review | 12/03/04 Sponsor Atrix laboratories
PDUFA Due Date 12/17/04 Priority Classification 38
Division Due Date 12/10/04

Clin. Pharm. and Biopharm. Information

“X” if included | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed

STUDY TYPE

Table of Contents preseni and
sufficient to locate reports, tables, data,
etc.

Tabular Listing of All Human Studies

HPK Summary

Labeling

XIX([X[x] X

Reference Bioanalytical and Analytical
Methods

I. Clinical Pharmacology

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase ) -

Healthy Volunteers-

single dose:

multiple dose:

Patients-~

single dose:

multiple dose:

Dose proportionality -

fasting / non-fasting single dose:

fasting / non-fasting multiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -

ethnicity: | X

gender:

pediatrics:

geriatrics: | X

renal impairment:

hepatic impairment:

PD:

Phase 2:

Phase 3: | X

PK/PD:

Phase 1 and/or 2, proof of concept:
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Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(IVIVC):

Bio-wavier request based on BCS

BCS class

lll. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

X

Total Number of Studies

B

e The clinical trial and the to-be-marketed formulations for Eligard 45 mg are reported to be identical.

e Although the drug substance (leuprolide acetate) employed in the clinical trials and for the to-be-marketed formulations is from two

different sources, bridging information (in vitro and clinical) is provided to demonstrate comparable release and pharmacokinetic

profiles.
A specific LC-MS/MS method is used for analysis of leuprolide. The validation report is provided and appears adequate. Testosterone
analysis was carried out employing RIA method that shows cross-reactivity with e Sponsors claim that, —

— chromatography procedures prior to RIA increase the specificity of the method for testosterone analysis.
‘I'he sponsor nas supmiued 5 studies that include one pivotal phase 3 clinical study of Eligard 45 mg and four study reports for previously
approved Eligard products, as supporting information. i
The analyses on subpopulation groups, population PK/PD and bioequivalence issues have been deduced from the pivotal Phase 3 study
results and are not submitted as separate studies.

The effect of hepatic and renal impairment on the PK of Eligard 45 mg has not been evaluated.

v

X7ityes | Comments
Application filable ? X Reasons if the application is not filable (or an attachment if applicable)
For example, is clinical formulation the same as the to-be-marketed one?
Comments sent to firm ? Comments have been sent to firm (or attachment included). FDA letter date

if applicable.

QBR questions (key issues to be

considered)

Other comments or information not

included above

Primary reviewer Signature and Date Sandhya Apparaju, 03/23/04

Secondary reviewer Signature and Date

Filing Memo
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Clinical Pharmacology and Biopharmaceutics Review

NDA: 21-731
Compound: Leuprolide Acetate
Sponsor: Atrix

Date: 04/06/04

Reviewer: = Sandhya Apparaju, Ph.D

Background: ELIGARD® 45 mg (also referred to as LA-2580 45 mg) is an injectable
polymer-based, extended release formulation of leuprolide acetate, a potent LH-RH agonist. It is
designed to deliver a nominal dose of 45 mg leuprolide acetate over a six month period after
subcutaneous (SC) injection. As administered, it is a biodegradable polymeric formulation
consisting of the polymer 85:15 poly(DL-lactide-co-glycolide) (PLG), the solvent
N-methyl-2-pyrrolidone (NMP) and the active drug substance leuprolide acetate.

The proposed indication is the palliative treatment of advanced prostate cancer, which is achieved
through continuous suppression of gonadal testosterone synthesis. '

Phase 3 Clinical Study: Atrix has conducted a pivotal phase 3 study to evaluate the safety and
efficacy of Eligard 45 mg in prostate cancer patients (n = 109). The pharmacokinetics of the
formulation was assessed in a subset of patients (n=27) who received two injections of Eligard 45
mg at 6 month intervals.

Applicant conclusions: Administration of Eligard 45 mg resulted in a multi-phasic profile of
serum leuprolide concentrations. Following the initial burst (Cp. > 80 ng/ml), the concentrations
of leuprolide declined rapidly over the first 3 days, then declined more gradually over the
remainder of the dosing interval (3 days to 6 months). During the “plateau” phase the
concentrations of leuprolide were maintained between During the plateau phase
the average rate of drug delivery from the depot was estimatedtobe = __——— . There was
no evidence of accumulation after repeated dosing with ELIGARD® 45 mg in the pivotal phase 3
study. Serum leuprolide concentrations and AUCs following the second dose were similar to
those observed after the first dose.

Pharmacodynamics: Following the first dose of ELIGARD® 45 mg, mean serum testosterone
concentrations transiently increased, then fell to levels (< 50 ng/dL) associated with medical
castration in 99.1% of subgroup patients by Day 28. ELIGARD® 45 mg then maintained
testosterone suppression during the remainder of the first six-month dosing interval. There were
no acute-on-chronic testosterone responses during the burst phase after the second dose of
ELIGARD® 45 mg. One patient did not achieve castrate suppression and one patient
demonstrated breakthrough (T > 50 ng/dL after achieving castrate levels).

Formulations: The clinical trial formulation is reported to be identical to the to-be-marketed
formulation.

Supporting data: Data from clinical pharmacokinetic studies of ELIGARD® 30 mg,
ELIGARD® 22.5 mg, and ELIGARD® 7.5 mg formulations are summarized in the submission.
Because of the compositional and therapeutic similarities of these four ELIGARD® formulations,
clinical data from the previous formulations (ELIGARD® 30 mg (four-month), ELIGARD® 22.5
mg (three-month) and ELIGARD® 7.5 mg (one month)) is expected to support ELIGARD® 45
me.
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Proposed label: Preliminary review of the proposed label indicates that the subsections
pertaining to human pharmacokinetics have been appropriately organized and appear to be based
on the information derived from the Phase 3 clinical study and existing literature on the human
pharmacokinetics of leuprolide acetate.

Manufacturing site considerations:

Eligard® 45 mg final product is comprised of two syringes, A and B.

SYRINGE A: Consists of ATRIGEL polymeric delivery system comprised of poly(DL-lactide —
co-glycolide) (PLG) and N-methyl 2-Pyrrolidone (NMP). ATRIX LABORATORIES, INC. is
proposed to be the primary site of manufacturing for Syringe A.

SYRINGE B: Consists of the active ingredient, leuprolide acetate. The manufacturing process
for this syringe primarily involves filling of drug solution in water for injection (WFI) into

syringes, T - 2 . ATRIX laboratories, Inc., is proposed to be the primary
manufacturing site for syringe B, while [ T -3

(contract facility) is proposed to be the alternate manufacturing site.

The FINISHED drug product (Syringe A plus Syringe B) is packaged at ATRIX laboratories Inc.
Clinical trials with ELIGARD 45 mg employed finished drug products from Lots 1522 and 1582
These finished products consisted of drug-containing syringes (syringe B) manufactured entirely
in the alternate site, T _ - > No clinical trials were conducted
employing drug-containing syringes manufactured in the proposed primary site, Atrix
laboratories, Inc.

The finished drug product for ELIGARD 45 mg is an extended release (ER) formulation that is
formed when contents from syringe A and syringe B, are mixed prior to injection. However, the
leuprolide acetate contained in syringe Bisa =~ 3
leuprolide acetate in WFI (immediate release, 1K) and therefore variations in the manufacturing
site for this syringe may not have an impact on the extended release characteristics of the final

prOduCt.c S \—(

" DThese possibilities were discussed with. ___——_and Dr. De (chemistry
reviewer) and it was agreed upon that irn vitro release comparisons should be requested for the
final constituted products that employ drug syringes (B) from the two different sites.

Comments to the sponsor: The sponsor should provide in vitro release comparison data for the
final drug product obtained after mixing contents of syringe A, with syringe B obtained from the
two proposed sites of manufacture (Atrix Laboratores Inc., and {__ —_—

1 We recommend that the 2 test be used to compare dissolution profiles and
confirm similarity.

Other issues addressed in this submission:

1. Bioavailability/Bioequivalence information: The sponsor states that leuprolide acetate drug
substance for the manufacture of Eligard 45 mg will be obtained from two different
manufacturers [ ' - 7 . The drug product used for the
first dose and second dose of the clinical study were chosen to represent these two batches.
Results of the clinical study demonstrate identical pharmacokinetic measures following the
first and second doses. The sponsor states that the AUCs with both the batches of the '
formulation were very close to the expected AUC following intravenous administration,
suggesting good bioavailability from the depot produc

2. In vitro dissolution testing: The in vitro release profiles of each lot of ELIGARD® 45 mg
(Lots 1522 and 1582) used in the clinical pharmacokinetic studies were determined at various
times during the dosing period. The test method utilizes accelerated release testing designed
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- testing period. Mean in vitro release of ~
90 % was observed during the testing of the 6-month release.

3. Analytical methods for leuprolide (LC-MS/MS) and testosterone (RIA) are reported along
with their validation reports. The analysis for leuprolide was specific. RIA employed for
testosterone analysis had a cross reactivity potential of
However, the sponsor claims that due to the solvent extraction and chromatography processes
carried out on the samples prior to the RIA of testosterone, the specificity of the method is
supposedly increased beyond the low level of interference indicated by the cross-reactions.

4. Special populations: Race (no impact of ethnicity on PK or PD was observed), Geriatrics
(majority (71 %) of patients were elderly males; mean age 74 years)

Women and pediatrics need not be addressed due to the proposed indication —
cancer) which is a disease of adult male patients.

5. Drug-Drug interactions: No drug-drug interaction studies were conducted for Eligard 45 mg.
Pharmacokinetic drug-drug interactions are unlikely to be observed with ELIGARD® 45 mg
because leuprolide is primarily degraded by peptidase(s), and is less than —— bound in the
plasma.

6. Population PK/PD analysis: PK subset included patients of varied races, age, disease state,
body weight etc. Inter-individual variability in the PK of leuprolide was observed, but did
not appear to influence the efficacy of the formulation. No correlation was seen between body
weight and systemic drug exposure.

to produce close to y release within a

Recommendation:

The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical
Evaluation II find that the Human Pharmacokinetics and Bioavailability section for NDA 21-731
is fileable.

Sandhya Kiran Apparaju, Ph.D., Primary Reviewer 04/06/04

Ameeta Parekh, Ph.D., Team Leader ___04/06/04
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