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Synopsis:

This is the third le:::pfolidc formulation that was submitted by the same sponsor within the last 2 years.
The previous two depot formulations were approved for 1 month and 3 months SC administration at a

dose of 7.5 and 22.5 mg, respectively. These three depot formulations are similar in composition and
release technology.

ELIGARD™ 30 mg is a sterile polymeric matrix formulation of leuprolide acetate for subcutaneous
injection. It is designed to deliver 30 mg of leuprolide acetate at a controlled rate gver a four-month
therapeutic period. Leuprolide acetate is a synthetic nonapeptide analog of naturally occurring
gonadotropin releasing hormone (GnRH or LH-RH) that, when given continuously, inhibits pituitary
gonadotropin secretion and suppresses testicular and ovarian steroidogenesis.

ELIGARD™ 30 mg is prefilled and supplied in two separate, sterile syringes whose contents are mixed
1rnmed1ately prior to administration. The two syringes are Jomed and the single dose product is mixed
until it is homogenous. One syrmgc contains the ATRIGEL® Delivery System and the other contains
leuprolide acetate. ATRIGEL® is a polymeric (non-gelatin containing) delivery system consisting of 2
biodegradable poly(DL-lactide-co-giycolide) (PLG) polymer formulation dissolved in a biocompatible
solvent, N-methyl-2-pyrrolidone (NMP). PLG is a co-polymer with a 75:25 molar ratio of DL-lactide to
glycolide containing carboxyl end groups. The second syringe contains leuprolide acetate and the
constituted product is designed to deliver 30 mg of leuprolide acetate at the time of subcutaneous -
injection.

The proposed recommended dose of ELIGARD™ 30 mg is to be administered subcutaneously once

every four months for the palliative treatment of prostate cancer.

' RECOMMENDATION:

The Office of Clinical Pharmacology and Biopharmaceutics finds the information included in this NDA
acceptable. From the PK point of view, the draft label is also acceptable.

4Peg, 98 7
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- Executive Summary
Clinical Pharmacology and Biopharmaceutics

Background:

ELIGARD™ 30 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 30 mg leuprolide acetate over a four-
month period after subcutaneous (SC) injection. It will be available in two separate prefilled sterile
syringes whose contents are mixed immediately prior to administration. It is intended to achieve
continuous suppression of gonadal testosterone synthesis for the palliative treatment of advanced
prostate cancer. .

There were two NDAs from the same sponsors that were recently approved by the Division for the same
indication. These are ELIGARD™ 7.5 mg (NDA# 21-343 ) and ELIGARD™ 22.5 mg (NDA # 21-379).
The 7.5 mg was approved for SC administration every one month and the 22.5 mg was for every three
months.

General Clinical Pharmacology and Pharmacokinetics:

The PK of ELIGARD™ 30 mg was evaluated in a subset of 24 patients with advanced prostate cancer in
a pivotal Phase III trial (Study AGL0001). In this study ELIGARD™ 3G mg was administered as two
injections each four months apart in 90 patients over 8 months period. The pharmacokinetic of
leuprolide and the testosterone (T) suppression were evaluated during each of the two four-month (112-
day) dosing intervals.

Administration of ELIGARD™ 30 mg resulted in a multiphasic profile of serum leuprolide
concentrations. Serum leuprolide levels start to decline after reaching the peak level within 2-3 hours
after the administration. During the plateau phase, mean serum leuprolide levels generally remained
between 0.1-1 ng/ml. Serum leuprolide peak concentration after the second dose was slightly higher than
after the first dose (Figure A). However, the plasma-concentration time profiles of both doses were
almost similar with similar half lives and AUCs (Figure B).
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Figure B. Comparison Between Dose 1 and Dose 2 For Leuprolide Serum Concentration-Time
Profiles (n=24) .
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Testosterone serum level rose immediately after the administration of the first leuprolide dose which is a
well-known phenomenon called “burst phase”. This phase was followed by a rapid decline in
testosterone over the next several days (Figures C & D ). Within 3 weeks of the first dose, testosterone
level fell below the medically castrated defined level of <50 ng/dl. This level of suppression was
maintained throughout the 8 months study. Only 4 out of 90 patients had transient and minor
breakthrough in their testosterone suppression at different intervals. All patients who completed the

- study were completely suppressed by the end of the study. There was no burst phase in testosterone level

after the second dose nor was there any significant increase in its level. Continuous testosterone
suppression was maintained throughout the entire second four-month dosing interval.

r Figurs C. Relationship Betwesn Mean Testosterone and Leuprolide Plasma i
Concentration-Time Profils in All Patients (Regular Scale)
{n=24 for Leuprolids and n=80 for testosterons)
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Figure D Rutationship Betwaen Masn Testostarons and Lauprolide
Plasma Concentration-Time Profile in All Patients (Log Scale)
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- Conclusions:

‘Leuprolidc peak concentration of approximately 150 ng/ml is attained within 2-3 hours after

- administration and declines rapidly reaching a concentration of approximately 1 ng/ml by the first week.

Testosterone undergoes a typical “burst phase™ immediately afier the first leuprolide dose reaching a

- peak concentration of approximately 600 ng/d] within 2-3 days and then immediately start to decline to

the predefined medically castrated level of <50 ng/d]l by Day 28. No burst phase occur after the second

leuprolide dose nor there was any change in testosterone level, with a few exceptions.

A total of 85 patients received the two injections in this NDA. Only 7 patients withdrew from the study
for various reasons. All 7 patients but two were withdrawn from the study due o personal reasons. The

-two subjects that were withdrawn from the study experienced hot flashes, fatigue, and loss of libido. No
" deaths were reported during the trial.

" The clinica] pharmacokipetic and pharmacodynamic data presented in this NDA support the use of

ELIGARD™ 30 mg as a once-every-four-month depot formulation for the sustained suppression of

"testosterone synthesis to castrate levels for the palliative treatment of advanced prostate cancer. The

drug appears to be safe and effective.

APPEpRe
THIS 2
ON 0Rigpy3, "
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.- SUMMARY REVIEW
OF PHARMACOKINETICS AND BIOAVAILABILITY
(Question Based Review, QBR)

HISTORICAL PERSPECTIVE:

The use of depot formulations to provide sustained release of leuprolide acetate has been extensively
investigated. and several polymer-based depot preparations of leuprolide acetate are currently marketed.
The pharmacokinetic profiles of several of these leuprolide depot formulations were compared with
those of conventional leuprolide injection. These formulations include IM and SC polymer-based depots
intended for injection at intervals of one to four months, and an implantable osmotic device intended for
twelve-month therapy. Most of these studies were performed in patients with advanced prostate cancer,
with serum leuprolide concentrations measured at time points that varied between studies.

Leuprolide depot formulations generally produced a rapid increase in serum leuprolide levels shortly
after injection (burst phase), followed by sustained low levels during the remainder of the intended
dosing interval (plateau phase). Plateau phase of leuprolide concentrations were in the range of 0.2-1.3
ng/mL for all depot formulations. Treatment with leuprolide depot formulations suppressed testosterone
to sub-castrate levels within two to six weeks after the initial dose. Testosterone suppression usually
maintained during the course of treatiment, with few acute-on-chronic responses reported after
subsequent doses. Various types of leuprolide preparations can maintain effective testosterone
suppression over long periods by providing sustained release of leuprolide over a range of different
-concentrations.

BACKGROUND:

What are the Physico-Chemical Properties of Eligard?

Structural Formula of Leuprolide:

ELIGARD™ 30 mg is an injectable polymer-based, extended-release formulation of leuprolide acetate.
It is intended to be supplied as two separate prefilled sterile syringes whose contents are mixed
immediately prior to administration. The two syringes are joined and the single dose product is mixed
until it is homogenous. One syringe contains the ATRIGEL® Delivery System and the other contains
leuprolide acetate. ATRIGEL® is a polymeric (non-gelatin containing) delivery system consisting of a
biodegradable poly(DL-lactide-co-glycolide) (PLG) polymer formulation dissolved in a biocompatible
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solvent, N-methyl-2-pyrrolidone (NMP). PLG is a co-polymer with a 75:25 molar ratio of DL-lactide to
glycolide containing carboxyl end groups. The second syringe contains leuprolide acetate and the
constituted product is designed to deliver 30 mg of leuprolide acetate at the time of subcutaneous
injection.

Clinical Pharmacology and Pharmacokinetics Studies

BIOPHARMACEUTICS:

What Are the Relevant Formulations Used in this NDA?

The formulation components of ELIGARD™ 30 mg are identical to those of ELIGARD™ 22.5 mg
(NDA 21-379) approved for SC administration once every three months. The two formulations differ
only in the dose and volume of the subcutaneous injection and the frequency of dosing.

The components of the ELIGARD™ 30 mg (four-month) and ELIGARD™ 22 5 mg (three-month)
formulations are qualitatively similar to those of the approved ELIGARD™ 7.5 mg (NDA 21-343), a
once per month SC formulation of leuprolide acetate in the polymer ATRIGEL Delivery System.

ELIGARD™ 30 mg and ELIGARD™ 22.5 mg contain the same drug substance (leuprolide acetate) and
solvent (NMP) as the ELIGARD™ 7.5 mg one-month formulation. However, the copolymer used ir
the one-month formulation has a different ratio of lactide/glycolide subunits and a different mean
molecular weight to achieve the drug release rate required for once monthly treatment. The three-mohth
and four-month formulations have a higher concentration of active drug, and are administered in larger
volumes than the one-month formulation, to provide the appropriate drug dose for three or four months
duration. A comparison of the three ATRIGEL polymer leuprolide acetate formulations is shown in
Table 1.

Table 1. Comparison of ATRIGEL Formulation of Leuprolide

Formuisdos ELIGARDM™ ELIGARD™ ELIGARYP™

M mg 228mg 7.8 m
NDA Refereace 21-4RR 21-379 21-343
Frequency of Once Every Four | Doce Every Throe | Omce Per Momh
Adwiniszration Months _ Moanths
Active drug leuprolide scetate | leuprolide acente | bauprolide scatase
(Do) {30 ma 1228 o) (75 mg) _
Drug loading &% 6% 3%
Polymer rype PLG PLG PLGH
Qactide/givealide (75725) {1525 {50:50)
ratis)
Pohmer Mal Wt 15-24 kD 15.24 XD 23-45kD
Polvmer (% by wi.) — ~
NMP Seivest T — ¥
(% by ot} + ! ]
Lajection mass 0.500 ¢ 1 0375 ¢ | 0250 |

Is there Any Change in Formulation During Development?

The two lots of ELIGARD™ 30 mg administered to patients in the AGL0001 clinical study subset for
pharmacokinetic analysis were identical in formulation to the to-be-marketed product (Table 2). There
were only two lots (# 1276 and 1317) used in Phase ITI clinical study (AGLO0001) and these represent the
same formulation of the to-be-marketed product.

CADMAUTOP\TEMPREVIEW2 1488FINAL DOC:SH 8
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Table 2 Drug Formulation Used in Phase III study (AGL0001)

i

Stady No. | Lot { DosageFormand | Batch PLG Formulation or Significant
No. Strength Size Polymer | Manufacturing Change (it
(Units) ] Molecular | any) and Reason for Change
Weight
AGLOOOE 1276 | Extended relcase
(Dose 1) four-month depot, - 17kDa | None
30mp_
AGLO0OY 1317 | Extended release
(Dose 2) four-month depot, - 18kDa | None
30 me

How Will Leuprolide be Supplied?

Leuprolide will be supplied as two separate prefilled sterile syringes whose contents are mixed
immediately prior to administration. One syringe contains 35.8 mg of , ~ leuprolide acetate. The
other syringe contains 560 mg of a sterile, polymeric delivery system solution of — % 75:25 Poly (DL~
lactide-co-glycolide} (PLG) and — % of N-methyl-2-pyrroolidone (NMP}. The two syringes are joined
and the single dose product is mixed until it is homogenous. One syringe contains the ATRIGEL®
Delivery System and the other contains leuprolide acetate. After mixing the total leuprolide dose is 30
mg for a single SC administration. B

ELIGARD™ 30 mg is packaged in a pouch that contains two smaller pouches (Figure 1A), a needle
cartridge and a desiccant pack (Figure 1B ). Syringe A pouch contains the sterile Syringe A pre-filled
with the ATRIGEL® polymer system and a long white replacement plunger rod (Figure 1C). Syringe B
pouch contains the sterile Syringe B pre-filled with leuprolide acetate powder (Figure 1D). The detailed
* step by step use instructions are shown in Figure 1 A-N.

Figure 1 (A-N). Eligard 30 mg Package and Instructions for Use

S IED) ==

+ Single-use Sterila Needle

| —
== 1 Discarg
Dasiccamt

Figure B

Syringe B Pouch

Syringe A Byringe B * Gray
Rubber

<

Primary

: Piunger
White Replacemant Pkmger Rod
Figure C Figure D
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How to Use? (Mixing Procedure)
A
1 oraft

st o
‘..#-F'-'

Figure E FiguPe F

2) Pull out the blue-tipped short plunger rod and attached stopper from Syringe B and discard (Figure
E). Gently insert the long, white replacement plunger rod into the gray primary stopper remaining in
Syringe B by twisting it in place (Figure F).

3) Unscrew the clear cap from Syringe A (Figure G). Remove the gray rubber cap from Syringe B
(Figure H). .

Figure G Figure H

Figure I

5) Thoroughty mix the product by pushing the contents of both syringes back and forth between
" syringes (approximately 45 seconds) to obtain a uniform suspension (Figure J). When thoroughly
mixed, the suspension will appear a light tan to tan color.” Product must be mixed as described;

shaking will not provide adequate mixing of the product.

CADMAUTOPTEMP\REVIEW21438FINAL DOC:SH 10
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Figure J

6) Hold the syringes vertically with Syringe B on the bottom. The syringes should remain securely
coupled. Draw the entire mixed product into Syringe B (short, wide syringe) by depressing the
Syringe A plunger and slightly withdrawing the Syringe B plunger. Uncouple Syringe A while
continuing to push down on the Syringe A plunger (Figure K).

Figure K

7)

Draft

Figure M Figure N
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What are the Proposed in Vitro Dissolution Method and Specifications?

-
The in vitro release profiles of each lot of ELIGARD™ 30 mg used in the clinical study (Lots 1276 and
1317, Study AGLOO01) were determined at various times during the expected shelf life, using test
method T553 (Table 3A)

The detailed description of the method is provided in the CMC section of this NDA (see chemistry
review and Table 3A and B). This method is the same as that used for Eligard 22.5 mg product except
that the release medium volume was scaled for the differences in leuprolide content of the two products.

| Method Description: Briefly, the constituted Eigard 30 mg is initially added dropwise and incubated in

purified water at 60 °C in shaking water bath (530 ml). Samples were collected at 6, 18, and 48 hours.
The release medium contains 25 mM of 2-morpholino-ethanesulfonic acid MES) buffer (pH 6.0) with
10.0mM zinc acetate and 10% 2-propanol. All samples are assayed by —  to determine the
curnulative amounts of leuprolide acetate released. Table 3C and D shows the mean release for the two

_clinical batches (#1276 and 1317) and additional batch (data provided by Dr. Swapan De, a Chemistry

reviewer). At 48 hours the cumulative release rate ranged from . ~—— . The data are within the range

~of the proposed and agreed upon spcciﬁcation_s with the Agency (Table 3B).

" Table 3A. Detailed Description of the Ir vitro Release Dissolution Method (T553)

Method In vitro extended release test of ELIGARD'™ 30 mg is performed
(T553.001) to check product’s quality and performance. Leuprolide is
assayed at three time points from a constituted product samples
added to a 530 m! medjum that contains 25 mM pH 6.0 2-
morpholino-ethanesulfonic acid (MES) buffer with 10.0 mM zinc
acetate and 10% 2-propanol. Leuprolide is analized by ——
Equipment and solutions:

Column: .

Mobile phase:

- -

!

Extended release test procedure:

CADMAUTOMTEMPREVIE W2 1488FINALDOC:SH 12
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Evalyation:

- - - -

. | parameters:

Column temp:

Max Pressure:

Flow rate :

Run time: -
Detection:

Injection volume:

¢ The method is developed following suggestion from the
agency during IND and pre-NDA negotiations for the
~ sponsor’s 22.5 mg formulation and is deemed acceptable.

ON ORIy 5
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Table 3B. I» vitro Release Dissolution Method Specifications

s i e e LA e

CHARACTERISTIC METHOD MIN. MAX
Color Viam! Coloriess 10 paic yellow.
Viscou puspantion.  May contain air bubbles. bur i substantially
Appeartnct Visal froe of vieble particies and forvigs tucur.
ide Acstain Conury
Lauprolide - Py —
(% of Theory 30 mg)
Extended Kelenss .
Mash % of Theory | Notlasthan S of 8 | No individua) unit s
300 mg unfpwe withing  { more than 2 15% of
10% of mean R acctptance
Mia. Maz. | Min. Max. | Mis. Mazx,
TS5
6 honr ]
18 bowr
AR hour
Tier 1: If any acceptance criterion is not met, proceed w Tier 2.
Tier 2: As sdditiona! § units are wested. Results from Tier 2 must meet el scoeptance criteris.

APPEARe T
HIS
ox ORJGINALWAY
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Table 3C. Mean In vitro Release Dissolution Data for Different Batches at Long Term Storage
Condition (5°C)

Time 5°C12°C
{ (hour) #1276 #1317 #1352 #1444
9, 12 and 18 mo. 3,6,9and 12mo. | 3,6, 9and 12 mo. 0,3,6and 9
6 6-10 8-15 6-8 ?c‘,i
18 40-48 _ 30-41 27-37 23-36
48 92.95 88-94 90-95 87-96

" Table 3D. Mean In vitro Release Dissolution Data for Different Batches at Accelarated Storage
Conditions (25°C+2°C/60% RH)

| Time 25°C+2°C/60% RH
(hours) #1276 #1317 #1352 #1444

None provided 3 and 6 months 2,3 and 6 months 0,1,2,3 and 6 months

[6 12-13 6-8 59
18 44-45 31-34 25-39
48 87-90 §9-92 88-98

APPEA
RS THis
oN oma;,,j lﬂ-éy
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What is the Absolute Bioavailability of Leuprolide ?

. -
Leuprolide is poorly absorbed after oral administration. It is rapidly degraded by gut proteases. There
was po formal study conducted to determine the absolute bioavailability of Eligard 30mg following SC
administration.
What Assay Method Was Used?

A) Leuprolide Assay

‘Leuprolide concentrations in serum were measured by a validated method in which samples were

. _ - . . ' and quantitated by : The
assay lower limit of quantitation is .— ng/mL. Precisiof®inter- and intra-assay) is < 11 % over the
range of the assay. Accuracy (inter-and intra-assay) is between —4.8% and +8.2%, except at the lower
limit of quantitation ). The presence of the four known metabolites of leuprolide (M-],
M-1i, M-Il and M-IV) was shown not to cause significant interference with the assay.

B) Testosterone Assay

Serum testosterone levels were measured by validated R1A assay which was performed after —

The lower limit of quantitation of the assay is —ng/dL. Of 22 steroids
tested, only dihydrotestosterone (DHT) displayed significant (22%) cross-reactivity in the assay. All
others were ranged from approximately <0.01 to <1%, except two steroids which were at 2.3% and
5.5%. The physiological level of DHT is usually low or suppressed during leuprolide administration and
its interference with testosterone assay would be low or negligible. The inter-and intra-assay
precision/reproducibility as defined by %CV was <10% over the range of excepted testosterone
physiological serum levels.

C) Luteinizing Hormone (LH) Assay

LH serum levels were determined by a validated two-site immunochemiluminometric assay. The lower

* limit of quantification of this assay was ~~ mJU/m with a %CV for inter-and intra-assay of <10%.

CLINICAL PHARMACOLOGY:

What are the Indications for ELIGARD?

ELIGARD™ 30 mg is indicated for the palliative treatment of advanced prostate cancer.

What is the Mechanism of Action of Leuprolide?

Leuprolide acts by preventing pulsatile hypothalamic stimulation of the adenohypophysis which results
in reduced gonadotropic hormone release and suppression of gonadal testosterone to levels associated
with surgical castration (<50 ng/dL in serum).

What is the Proposed Dosage and Administration of Leuprolide?

1 is proposed that ELIGARD will be administered subcutaneously once every four months as 30mg

dose, '

CADMAUTOMTEMPREVIEW21488FINAL.DOC:SH 16
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What is the Degree of the Plasma Protein Binding of Leuprolide?

.
The in vitro binding of radiolabeld leuprolide to human serum ranged from 43-49%.
What is the Elimination Pathways of Leuprolide (Metabolism and Excretion)?

The metabolic pathway of ieuprolide is well established. Leuprolide is metabolized by cleavage of its
serin-tyrosine peptide bond to form a pentapeptide metabolite, which further degraded to several di-and
tripeptide metabolites. All four metabolites are inactive.

What Clinical Pharmacology Studies Are Available to Support the Proposed Indication?

The sponsor conducted one pivotal clinical trial on ELIGARD 30 mg (study # AGL0001) and two
supportive studies for ELIGARD 7.5 (study # AGL9802) and ELIGARD 22.5 mg (study # 9909). The
latter two studies were recently reviewed by the Division and both formulations were approved.
ELIGARD 7.5 mg and 22.5 mg are for SC administration once every month and once every three
months, respectively. Therefore, only study AGL0001 will be discussed in this review. As appropriate
some the data from the previous NDAs may be used to support the discussion and interpretation.

Study AGL 0001 (Eligard 30 mg):

This was an eight-month, multicenter, fixed dose investigation of two doses of Leuprolide 30 mg
administered SC to patients with adenocarcinoma of the prostate at four month apart. A total of 90 °
patients received at least one injection. The first dose was given at Baseline and the second at Month 4
(Day 112). Blood samples for vanous Testosterone (T), LH, and leuprolide serum determinations were
collected over the dose periods from a subgroup of 24 patients. The blood samples time points were as
follows: Day 0 (prior to dosing, and 2, 4 and 8 hours post dosing), Day 1, 2, 3, 7, 14, 21, 28, 35,42, 49,
56, 63, 70, 77, and Month 3 (Day 84), Day 91, 98, 105, and Month 4 (Day 112), prior to dosing, and 2, 4
and 8 hours post dosing, Day 113, 115, 119, 126, 133, 140, 147, 154, 161, 168, 182, 196, 210 and
Month 8 (Day 224).

The primary efficacy parameter in this study was serum testosterone concentration and the secondary
parameter is serum LH concentration. Suppression of T concentration to medical castrate levels is
-defined as serum T <50 ng/dL for at least two consecutive timepoints approximately one week apart.
The initiation of castrate suppression is defined as the day upon which the first of these two consecutive
samples was drawn. Breakthrough is defined as a patient’s T being measured above 50 ng/dL after that
patient has achieved castrate T suppression.

Results:
Leuprolide Serum Concentration:

Serum leuprolide concentrations rose rapidly after each dose (Figure 2). The mean Cmax (£ SD) after
the first dose was 149 + 77 ng/mL occurring at 3.3 + 1.2 hr and after the second dose was 191.7 + 107
ng/mL occuring at 2.99 £ 1.0 hr. This was then rapidly declined over the next several days. Serum
leuprolide levels then declined more slowly for the remainder of each dosing interval, from Day 3 to
Day 112 (plateau phase). During the plateau phase, mean serum leuprolide levels generally remained
between 0.1-1.0 ng/ml, while individual levels ranged fromr<0.05 ng/ml to 5.8 ng/ml (Tables 4 and 5).

CADMAUTOP\TEMPREVIEW2 1488FINAL.DOC:5H 17



Figurg_z. Mean Leuprolide Plasma Concentration-Time Profile in All
- Patients (n=24)
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Table 4: Summari of Leuprolide Pharmacokinetic Parameters After the First Dose to Advanced
Prostate Cancer Patients (n=24).

Buorst Phase Plaieay Phase Toxal
(Day 0-3) {Day 3-112) {Day 0112}

Cubj No| AUC  Cmax  Tmax | AUC  Cmax Cmm  Chs | ALC F*
ng by mtt  wpmt r | nphram!' apml mg'ml ngm! |np o mt? "

801

1001
1002
1003
1004
1601
1201
1762
1703
190}
1902
1903
1904
1905
200}
2101

2302
2401 '
2601
2602

Mean | 20804 1496 3.31 | 1471 26 007 0078 [ 35514 040
SD | %96 765 122 6801 15 003 0041 | 9504 0262
RSD | 431 511 369 | 462 591 452 S1e3 | 19 278
Median| 20235 1305 367 | 13787 19 BLOQ 0083 | 35541 040
Min _— ]
Max ~— l
* Bioavailability (F) based on reported AUC of intravenous leuprolide.

® Concentration 112 days afier dosing.
BLOQ, below assay limit of quantitation (—— ng/mL).
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Table 5: Summary of Leuprolide Pharmacokinetic Parameters After the Second Dose to
Advanced Prostatt-Cancer Patients (n=24).

Burg Phase
(Duyo-3)"

Pineay Phase
(Duy 3-112}

Toul
{Duy 0-112)

Subj. No.

aphwm®  agmi

ALC Cmun  Tomax

AUC
ng byt

Cmax  Cmin
ngml ng'ml

AUC F €
aphem! "

801

1001
10062
1003
1004
1601
1701
1702
1703
1901
1902
1903
1904
1905
2001
2101
2301
2302
240!
2601
2602
2602
2604
2701

Mean
SD
RSD
Median
Min
Max

26592
1186.4
446
239035

191.7
1074
560
1622

799 |

1.02
34.1
37

10834
5002
406.2
9745

185 0061
137 o026
e 422

14 BLOQ BLOQ

0.07
0.03
51.6

37426 0%
14502 038

387 s )
6044 095

* Days after administration of second dose.
b Concentration 112 days after dosing.
¢ Bioavailability (F) based on reported AUC of inravenous leuprolide.

BLOQ, below assay limit of quantitationt — ng/mlL).
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- Afier the first dose, the mean (+SD) total leuprolide serum AUC was 3551 £ 990 ng.hr/mL, of which
( 1471 ng.hr/mL (418%) occurred during the plateau phase (Table 4). After the second dose, the mean total
- leuprolide serum AUC was 3743 + 1450 ng.hr/mL, of which 1083 ng.hr/mlL (29%) occurred during the
plateau phase (Table 5). The average serum concentrations of leuprolide during the plateau phases
(based on the mean plateau phase AUCs) were 0.56 ng/mL (first dose) and .41 ng/mL (second dose).
Therefore, the mean serum leuprolide profiles were nearly identical after both doses (Figure 3).

Figure 3. Comparison Between Dose 1 and Dose 2 For Leuprolide Serum Concentration-Time
Profiles (n=24)

1000 -o-First Dose -o-S8acond Dose

100

Serum Lauprolide, ng/mlL (meen, BEW)
ak
=

1
0.1
O.G LI T T T T T T 1
D 1 2 3 4
Months after Dosing
. ( " Comparison of PK parameters between the first and second doses revealed a few statistically significant

differences (Table 6). Leuprolide exposures were about 25% higher during the burst phase (AUC), and
about 25% lower during the plateau phase (AUC, Cmax) after the second dose, as compared to the first
dose (P <0.05). However the overall AUC, Cmax and Cmin did not differ between the first and the
~ second doses (P >0.05). The magnitude of the observed PK differences was small, suggesting that there
~ 15 no drug accumulation during repeat dosing.

-, ""]'able 6. Comparison Between Dose 1 and Dose 2 For Leuprolide PK Parameters

Dose | Dose 2
PX Parsmeter Phase Mean (£ SD) Mesn ( £ SD) p-value
AUC Overall 3551 (990) 3743 (1450) NS
Burst Phase 2080 (896) 2659 (1186) <0.05
Pistcau Phase 1471 (680) 1083 (500) .05
“Com Overal 0.07(0.03) D.06 (0.03) NS
Plaicau Phase 0.07 (0.03) 0.06 (0.03) NS
" Cem Overall 149.6 (76.5) 191.7 107 NS
Platesu Phase 16(1.5) 18(14) <0.05

C
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In terms of the leuprolide PK, it can be concluded that repeat administration of ELIGARD 30 mg to
advanced prostate cancer patients produced serum leuprolide profiles similar to those of other effective
leuprolide depot formulations. After an initial burst phase characterized by high serum concentrations
(>100 ng/mL), mean serum leuprolide levels maintained relatively constant over the majority of each
four-month dosing interval (0.1-1.0 ng/mL).

What is the Leuprolide PK in Relation to Dose? (i.e., Is there Dose proportionality?):

The mean PK data for leuprolide following 7.5, 22.5 and 30 mg are shown in Tables 7-9. Considering
that the data were from three different NDAs, the overall impression indicates that there was a
proportional increase in the burst phase of leuprolide Cmax with increase in dose (Figure 4). It is
noteworthy that the mean Cmax value at the plateau phagg following all three doses was approximately
2 ng/ml. The total AUC data for each dose were reported for different duration (i.e., up to 28, 84, and
112 days for 7.5 mg, 22.5, and 30 mg doses, respectively (Tables 7-9). Overall, the AUC increased with
increase in dose, but due the differences in time intervals, it can not be directly used to establish dose
proportionality.

Table 7. Mear PK parameters for ELIGARD 7.5 mg (Leuprolide Serum Concentrations)

Stady Route | Dese” | Burst [ Burst | Burst Phase Pistese Platean Plateaw C last Tetat
No.t of Phase | Phast (048 W1) Cmnx Cmin Q-28 days) | (Day28) {S-18 day
Admis. Cmax | Tmax ADC {ag/mL) {=g/mlL) AUC (ag/mL} AUC*
ng/mi} | (hr) {ag kr mL?} ng kr mL*} ng hrmL*
Jagiosoal sC T5mp {263 4.1 330.6 2.69 0.175 514.9 036 £65.6
AGLS904
Dose | SC 7.5me 2853 4.6 4353 2.68 0.169 438. 1 0.42 E13.4
Dose 2 5C 7.5 mg ND ND ND 202 0360 499 & 045 ND
Dose 3| SC | amg | ND ND ND 1.8 kN 4187 0.45 ND

Table 8. Mean PK parameters for ELIGARD 22.5 mg (Leuprolide Serum Concentrations)

Study | Rowte | Dose® | Barst | Barst | Barst Phase Plateau Platead Plateau C last Total
No! Phase | Phase 0-3 dayy) Cmax Camin (384 days) | (Days4) (0-84 days)
Cmax | Temx AUC {ng/mL) (ng/ml) AUC (ag'mL) ALC
apfmi) | (or) | (nghrml?) ag hrmL?) {ng hr mL")
AGLI9%09 . ] . : : .
Dosel] SC [ 2285mg{ 127 4.6 27 24 0.15 1419 0.34 3646
Dose3] SC_{2S5my] 107 45 1958 27 .25 1925 0.30 3880

Table 9. Mean PK parameters for ELIGARD 30 mg (Leuprolide Serum Concentrations)

ainth o] Rovie | D | Buwrw | Puw | Burw Fhsm | Plrnew [T Pinians C lnat Tweal
Phate | P vy Cmaz Can Oilidmvn | Oy 210 | G113 deve
Cum | Tem mgnl) | ingrwl) AliC AvC
aamlyl 0 | (ebral) T T
AC]ew] [ ¥ + [l E i 3 ¥
e 1} S % (5] 33 2UNL 26 0.0 1431 [ 38
s T % 193 15 1) 19 ©.06 Tad ot Hal
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Figurs 4, Relationship Batween Dose and Burst Phase Leuprolide Cmax After
the First Dose of 7.8, 22.5, and 30 mg Doses From Three Studiss
(#0001, 9302, and 8909)

180

140

1.

20 1

14 $ 10 1% 0 28 0 35
Lauprotide Doss {mg) f

- 1s There A relationship Between Leuprolide Serum Leve! and Body Weight?

No formal study was conducted to establish the relationship between leuprolide serum levels and body
weight. However, based on population PK there was a small trend for reduction in leuprolide exposure
with age (Figure 5). It should be noted that there was no difference between the data from dose 1 and
dose 3. This trend is typical for leuprolide and 1s also similar to that observed with Eligard 7.5 mg (see
NDA 21-343 OCPB review).

" It should be noted the distribution of patients relative to weight in this NDA is as follows: 9 patients

were 160 pounds or less, 18 were 161 ~ 180 pounds, 26 were 181 - 220 pounds and 37 patients weighed
more than 200 pounds. Minor side effects such as paraesthesia at the site of injection was noted
significantly more often (p<0.05) in those weighing less than 160 pounds (27.6% of patients) compared
to subjects weighing between 161 and 180 pounds (3.6% of patients).

Figure 5. Relationship Between Individual Leuprolide AUCq.113 4ays and Body Weight (study

"AGL001)
7000 - | =Fimst Dose © Second Dose |
’ -3
B8000 4 a
- -] s
- 5000 1 . - 00
E * s
E 4000 - ° foe o
o at® g0 - o -]
£ a000 5 . H
- [ ]
S > * %5 . s o
< 2000 o °
1000 - °
-]
o . - . -
50 70 0 110 130
Body Weight (kg)
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Testosterone Suppression:

= .
The mean testosterone concentrations at baseline was 385.5 (+18.04) ng/dL ranging from 267-464
ng/dL. Concentrations increased until a maximum mean concentration of 610.0 (+29.5) ng/dL was
reached on Day 2. By Day 14, the mean concentration (108.4 £7.3 ng/dL) was below the mean baseline
concentration and by Day 21 the mean concentration (34.9 2.2 ng/dl) was below the medical castrate
threshold. The mean concentration continued to decline and by Month 1 (Day 28) was below 20 ng/dL
(17.2 1.4 ng/dL). Mean concentrations remained well below the medical castrate threshold (<50

" ng/dL), and increased transiently and minimally following the second injection from 9.3 +0.8 ng/dL at

Mounth 4 (Day 112). At Month 8 (Day 224), mean T concentrations averaged 12.4 +0.8 ng/dL. The mean
and testosterone concentration-time profiles for both doses are shown in Figures 6-8.

Figure 6. Mean Testosterone Plasma Concentration-Time Profile After
Eligard 30 mg Over 8 months (224 Days} in All Patients {n=85-90)
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Figure 7. Relationship Between Mean Testosterone and Leuprolide Plasma
Concentration-Time Profile in All Patients (Regular Scale)
{n=24 for Leuprolide and n=90 for Testosterone)
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Figure 8. Relationship Between Mean Testosterone and Leuprolide Plasma
Concentration-Time Profile in Al Patients (Log Scale)
(n=24 for Leuprolide and n=90 for Testosterone)
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Individual Suppression Data:

Examining the individual data for all patients in the trial shows that four patients had problems in either
maintaining the castrated level or did not achieve the castrated level by Day 28. One additional patient
(#2601) had no data for Days 21, 28, and 35. The testosterone level for this patient on Day 42 was 9.9

ng/dl. The individual relative testosterone levels for each patient muned:ately before and after achieving
the castrated levels are shown below:

Subject# Days Testosterone Leuprolide
(ng/dh) (ng/ml)

0201 (Age 66 years, Weigh 224 Ibs, White)

28 62 .
35 64 -
36 50 -
49 28 -
112 66 -
112(4h) 91 ;
112 (8h) 143 -
113 147 -
115 111 .
119 41 ]

0802 (Age 65 years, Weigh 180 Ibs, White)

21 74 -
28 58 -
35 35 -

1002 (Age 80 years, Weigh 185 Ibs, Black)

112 (8h) 26 126
113 53 19.6
115 49 1.9
119 24 1.5

1604 (Age 69 years, Weigh 135 Ibs, White)

21 122 -
28 75 -
35 39 -
105 49 -
112 36 -
112 (2h) 58 -
112 (4h)  -48 -
112(8h) 69 -
113 94 -
114 110 -
119 79 -
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126
133
140
210
224

TR
’ hn- el

59
55
39
32
53

—A’ e e .

2601 (Age 65 years, Weigh 231 Ibs, Hispanic)

14
21
28
a5
42
49

251

9.9
14

1.3

0.35
0.24

~Testosterone suppression data including the number of patients achieving castrate level and those
experienced breakthrough are summarized in Tables 10-12. For the intent-to-treat population, 85 of the
_ 90 patients (94%) achieved castrate level testosterone suppression by Month 1 (Day 28). By Day 42,

99% (89/90) of patients had attained castrate suppression.

Table 10. Measures of Testosterone Suppression - Intent-to-Treat Population

B T S S P VT T

Testosterone | Day21 | M1 | Dayd? [Day 86 M3 | M4 |Dayies| Mms
Suppression | N=30 | (Day28)! N=90 | N=90 | (Day84)| (Day | N=%0 | (Day
Messure N=30 N=9) 112) 24)
N=90 N=90
) 85 89 89 89 88 89 88
(€50mgdL) | (200) | (9a%) | 99%) | (99%) | 99%) | (58%) | (99%) | (98%)
Breakthrough
above 50 | 000%) | 00%) | 0(0%) | 0c0%) | 010%) | 10%) | 10%) | 1(1%)
ag/dL
18 60 8] 85 86 85 86 81
Segdl | agen | oer) | 00%) | 04%) | 96%) | o2%) | o6%) | (90%)
Table 11. Measures of Testosterone Suppression - Observed Cases
Testosterone | Dayl! Ml Daydl | Day 56 M3 M4 Day 168 M8
Suppression | N=89 (D’:z’:) N=g3 | N=89 (1!):_)":4) (;I;;!)r N84 (gl‘g
Measure N=83 Ne§2
7 85 89 89 89 87 84 81
SSOegdl | rany [ (oc%) | (100%) | (100%) | (100%) | 99%) | (100%) | 99%)
Breakthrongh
aboves0 | 000%) | 00%) | o0 | 00%) { 0ce) | 10%) | 10%) | 10%)
ng/dL
18 60 81 8 86 84 81 7
$200gidl | 0% | 67%) | 1% | 96%) | O7%) | O6%) | 96%) | (90%)
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Table 12. Summary of Patients Experiencing Testosterone Breakthrough During the Study

Pstient #1604

Patient #201 Patient #1002
Achieved Initial Suppression Day 42 Day 14 Day 35
Experienced Initial Breakthrough Day i12: Hour2 | Day 113 Day 112: Hour 2
Ma1 T During Breakthrough (ng/dL) | 147 at Day 113 [ 53 st Day 113 110 at Day 115
Resuppressed Day 119 Day 115 Day 133
Second Breakthrough N/A NA Day 224
T Level at Month 8 (Day 224) ng/dl. | 13.0 72 530

Is There Dose-Response Relationship?

The pharmacodynamic response to repeat administration of leuprolide at 7.5, 22.5, and 30 mg are shown
in Figure 9. After both injections for each forraulation, mean serum leuprolide levels peaked during the
first day, fell rapidly during the next few days, then maintained levels at about 2 ng/mi following all
doses. In response to this pattern of leuprotide exposure, mean serum testosterone levels in the PK

~ subset rose initially during and to <50 ng/d! by the third week and remained constantly low until the

second dose. It must be emphasized again that no recovery from testosterone suppression was observed
prior the second dose in any of three doses. In addition, there was no burst effect in testosterone serum
level following any of the second doses. Once testosterone is suppressed it remains suppressed for the

remainder of the trial.

APPEARS

oN ORIGINAL
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Figure 9, PK/PD and Dose-Response relationship for Leuprolide Depot Formulations Given at 1,3
or 4-Month Interyals for 7.5, 22.5 and 30 mg Eligard Formulations (Data from Stodies AGL0001,
AGL9909 and AGL9904)
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:

E 100 ¢ £ 58 ng/dl. = Chisical Castration
z A " EEeseESFP PSS R P
s 3
: 10 |
g
6 0.10

001 +— v r r— r T T

[ ] 1 2 3 4 B [ 1 7 8
Months
1000 ELIGARD™ 22§ mg Every Three Months

- - 550 pg/dL. = Chinical Camration

------- LR B N E W ]

]
2
g
E
E 0.50
0.01 L} T L Ll L T 1 el T 1
D 1 2 3 4 ] ) 7 8
Months

g ‘no L N | 2% 08 Aeduas .-‘-“;wn.‘:?.*;l.c-m.h.‘
T 10y
g 1
LAl
0.014 . : — .
[+] 1 2 3 4 § ] 7 8
Maonths

—o- Lenprolide {(ng/mL) ~o— Testosterone (ng/dL)

App

C:\DMAUTOPTEMPREVIEW21488FINAL.DOC:SH 30



R A

N
P
S P
' e ...

Luteinizing Hormone (L.LH) Concentrations:

-
The mean concentration at baseline was 7.5 (0.7) mIU/mL, ranging from 3.3-9.1 MIU/mL. Similar to
testosterone, there was a “burst phase™ in LH plasma levels. After the first injection LH concentration
rapidly increased and within 4 hours achieved a mean peak concentration of approximately 38 mIU/mL
{Figures 10). Again similar to testosterone response, by Day 7 LH level returned to its mean baseline
level of 7.2 mIU/mL. A further suppression of LH level continued and by day 28 a complete suppression
of LH was achieved with a constant level of approximately 0.1 mIU/ml throughout the 8 months
intervals. It should be noted that afier the 2° injection there was a transient but slight increase in LH
reaching a concentration of approximately 0.4 mIU/ml by 4 hours. By Month 8 (Day 224) the mean LH
concentration was 0.1 mIU/mL. The relationship between leuprolide and LH response is similar to that
discussed for testosterone which is clearly demonstrated in Figures 11 and 12. '

K

Figure 10. Mean LH Plasma Concentration-Time Profile After Eligard 30
mg Over 8 months (224 Days) in All Patients (n=90)
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Figure 11. Relationship Between Mean LH and Leuprolide Plasma
Concentration-Time Profile in All Patients (Regular Scale)
(n=24 for leuprolide and =90 for LH)
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Figure 12. Relationship Between Mean LH and Leuprolide Plasma
Concentration-Time Profile in All Patients (Log Sclae)
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PSA Levels: )
. F_ -
Mean PSA was elevated (defined as PSA >4) at Baseline. PSA values were reduced by 86% from
Baseline (13.2 £2.0) to Month 8 (Day 224) (1.3 £ 0.3 ng/mL). At Baseline 66 of 88 (75%) patients had
elevated PSA readings. Patients with elevated PSA declined steadily throughout the study with 4 of 81
(5%) showing clevated levels at Month 8 (Day 224). Of the 60 patients who had elevated PSA levels at
Baseline and also had a Month 8 (Day 224) PSA measure, 56 (93%) had normal levels by the end of the
study. All pattents who had normal PSA levels at Baseline remained at normal PSA levels at the end of
the study (see also the Medical Officer Review).

What is the Drop-Out Rate in the Trial?

A total of 90 patients were enrolled and received at ieast one study injection. Of those, 85 patients (94%)
received two study injections. A total of 7 patients withdrew from the study for various reasons and one

. patient lost to follow. The reasons for the drop out for each patient are summarized in Table 13. Please
see the Medical Officer’s review for further details on the drop out rate and patients safety in the trials.

Table 13. Patients Drop-Out from the Study

Patient # Day Reason for drop Out
1909 112 Lose of libido, mild hot flashes, and mild night sweats
10401 14 Suicide intentions
1602 168 Moved out of the area
1606 154 Moved out of the area after being diagnosed with liver metastases
1710 1035 Hot flashes and fatigue
11802 98 Study interfering with vacation plans’
2304 112 Poor health after undergoing heart valve replacement surgery
1004 182 Lost to follow

Overall Summary:

This is the third NDA from the same sponsor for a similar product. The only difference is that the
amount and dose of leuprolide in the new formulation is larger (i.e., 30 mg) than the previously

- approved formulation of 7.5 and 22.5 mg. The release characteristics and the suppression profiles for
testosterone and LH after the three formulations follow similar patterns but they are different in two
aspects: 1) the duration of the suppression and 2) the concentration of leuprolide achieved after each
formulation. In terms of safety, there is extensive safety data on leuprolide within the Divison and the
literature. However, in terms of the efficacy, the drug has been shown to be effective in suppressing
testosterone level over the proposed duration of treatment in almost all patients.
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ClinPharm/Biopharm Briefing on: Friday January 31, 2003

| Briefing Attendees: Drs.

Reviewed by: -

Sayed Al-Habet, R.Ph., Ph.D.

Office of Clinical Pharmacology and Biopharmaceutics

Division of Pharmaceutical Evaluation I m
———

RD/FT initialed by Ameeta Parekh, Ph.D.

| cc: NDAs # 21-319: HFD-580, HFD-860 (Al-Habet, Parekh, and Malinowski), and Drug files

(Biopharm File, CDR).
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«Office of Clinical Pharmacology and Biopharmaceutics

New Drug Application Filing and Review Form

] t
Information Information
{ NDA Number 21-488 Brand Name ELIGARD 30MG
OCPB Division HFD-870 Generic Name Leuprolide acetate
Medicsl Division HFD-580 _ Drug Class Hormone
OCPB Reviewer Sayed Al Habet, Ph.D. Indication{s) Advance Prostate Cancar
OCPB Team Leader Amsata Parskh, Ph.D. Dosage Form Steriie Injection
Dosing Regimen Once every 3 months
Date of Submission April 13, 2002 Route of Administration Subcutaneous
Estimated Due Date of OCPB Review | January 15, 2003 Sponsor Atriz Laboratories
PDUFA Due Date February 13, 2003 Priority Classification 38
Division Due Date February 1, 2002

Clin. Pharm. and

Biopharm. Information

“X" If included
at filing

Number of

studiss

submitted

Number of
studiss
reviewsd

Critical Commants If any

STUDY TYPE

Table of Contents present and
sufficient to locate reports, tables, data,
[ 1

X

Tabytar Listing of All Human Studiss

HPK Summary

Labsling

Referenca Bioanalytical and Anaiytical
Methods

bbb

I._Clinicat Pharmacology

Mass baiance:

Isozyme characterization:

Blood/plasma ratie;

Flasma protein binding:

Pharmacokinetics (e.g., Phase |} -

Healthy Volunteers-

singie dose:

rnuttiple dose:

x| x

Patients-

single dose:

multiple dose:

XIx

Dose proportionality -

fasting / non-fasting singie dose:

tasting / nor-tasting rmultiple dose:

Drug-drug interaction studies -
‘ In-vivo effects on primary drug:

| In-vivo effects of primary drug:

Invitro:

Subpopulation studies -

ethnicity:

' gender:

pediatrics:

geriatrics:

renal impaiment:

hapatic impairment:

PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Anslyses -

Data rich:

Yes

Data sparss:

Yes

Il. Biopharmaceutics

Absolute bicavallabllity:

Relstive bicavailability -

solution as referance;

altemate formulation as referance:
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Biosguivalence studies -

traditional design; single / multi gose:

replicate dasign; sifigie / multi dose;

Food-drug interaction studies:

{IVive):

Dissoiution:

Bio-wavier request based on BCS

BCS class

Nil. Other CPB Studies

7 Genotyps/phenotype studies:

Chronophamacokinstics

Pediatric development pian

Literaturs Refersnces

Total Numbaer of Studiss

]

Fllability and QBR eomments

X" Hyss Comments

Application filable ?

X Reasons if tM®upplication |5 not filablc (or an attachment if applicablc)
For exampie, is clinical forrulation the same es the to-be-marketed one?

Comments sent to flrm ?

Commepts have been sent te firm (or auachment included). FDA lener date
if apphcable.

QER questions (key issues to be
considered)

Other comments or information net
included above

There is extensive clinical experience with this drug. In addition,
the division has recently approved a similar formulation for a
one-month SC injection from the same sponsor (NDA# 24-343),
Most of the PK data are crossed reference to NDA #21-343 and
will be reviewed when applicable. The application can be filed,

Primary reviewer Signature and Date

Sayed Al4iabet, Ph.D.

Secondary reviewar Signature and Date

Ameseta Parekh, Ph.D.
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