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1. Executive Summary

Bydureon (exenatide LAR or exenatide once weekly) is a subcutaneously (SC) injectable
extended-release formulation of exenatide proposed to be given once weekly (QW) and
contains the same active ingredient as the approved Byetta. Byetta (exenatide) injection
is approved in the United States as an adjunct to diet and exercise to improve glycemic
control in adults with type 2 diabetes mellitus. The exenatide once weekly/LAR
formulation consists of biodegradable polymeric microspheres that entrap exenatide and
provide extended release. The microspheres are composed of exenatide Rh
and are incorporated into a matrix of poly-(D,L-lactide-co-glycolide) (PLG), a
biodegradable polymer.

1.1 RECOMMENDATIONS

The Office of Clinical Pharmacology/Division of Clinical Pharmacology-2 (OCP/DCP-2)
has reviewed the information from resubmission of NDA 22-200 for Bydureon
(exenatide once weekly or exenatide LAR), and finds it acceptable. This recommendation
and the labeling comments should be conveyed to the sponsor as appropriate.

1.2 PHASE IV COMMITMENTS
None.
1.3SUMMARY OF IMPORTANT CLINICAL PHARMACOLOGY FINDINGS

This resubmission application is intended to address the deficiencies cited in the complete
response letter dated 10/18/2010 and contains two clinical pharmacology studies,
BCB112 (thorough QT study) and BCB113, a pilot IV infusion study (to identify
appropriate continuous intravenous (1V) infusion parameters needed to achieve target
plasma exenatide concentrations with acceptable tolerability in healthy subjects). In
addition this application contains one Phase 3 clinical trial (Study BCB108) entitled “A
Randomized, Open-Label, Parallel-Group, Comparator-Controlled, Multicenter Study to
Evaluate the Glycemic Effects, Safety, and Tolerability of Exenatide Once Weekly in
Subjects With Type 2 Diabetes Mellitus’, which compared the Amylin manufactured
(commercial) Bydureon formulation (exenatide LAR once weekly) to Byetta (exenatide
BID) for safety and efficacy.

The following are the important clinical pharmacology findings:

e The BCB108 trial demonstrated that following the initiation of the treatment with
Bydureon QW, maximal reduction in HbA1c is achieved by week 14 onwards.

e Bydureon QW provides better glycemic control in comparison to Byetta BID
(Reader is referred to the Statistical Review for further details on claims of
superiority).

e The exenatide exposure-response relationship for Bydureon from trial BCB108
(marketed formulation manufactured by Amylin) was comparable to that
observed from data from the original NDA (Alkermes).

e The to-be-marketed formulation results in steady-state exenatide exposures,
which are in similar range as that to the previously observed data. In addition,
these observed exenatide exposures fall in the maximal response with regards to
HbA 1c reduction from baseline.
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2.QBR

2.1 GENERAL ATTRIBUTES
2.1.1 What pertinent regulatory background or history contributesto the current

assessment of the clinical phar macology of Bydureon

TM?

The NDA for Bydureon™ (exenatide LAR) injection was submitted on 05/05/2009.
Bydureon™ was proposed for use as an adjunct to diet and exercise in improving
glycemic control in adults with type 2 diabetes mellitus. The Table 1 below summarizes
the activities post original submission:

Table 1. Relevant regulatory history post original NDA submission

Date

Activity

March 12, 2010

FDA issued a complete response letter citing product quality deficiencies and
the need for a Risk Evaluation and Mitigation Strategy (REMS).

April 22,2010 | A resubmission was received by FDA, which included complete responses to
the deficiencies identified in the March 12, 2010 action letter.

April 12,2010 | FDA was made aware of a thorough QT study (tQT), which took place
between April 23, 2008, and July 21, 2008, that was required by Health
Canada as part of a New Drug Submission for Byetta that was not conducted
under a U.S. IND. FDA was not informed of these study results or concerns
raised by Health Canada during itsinitial review of NDA 022200.

April 13,2010 | FDA natified sponsor that the completed results of tQT study, must be
submitted for review with NDA 022200 due to concerns of QT prolongation
raised by Health Canada

April 15 and | Sponsor submitted the report and ancillary documents for Study GWCI ,

May 13, 2010 respectively to IND 057725

October 18, | FDA issues another complete response letter notifying the sponsor that “Based

2010 on our review of Sudy GWCI, there was a significant concentration-QTc

relationship for exenatide. This observation is concerning for NDA 022200
because the mean maximum concentration (Cmax) of exenatide achieved in
this study was approximately half the maximum steady state concentration
(Cmax,ss) observed for Bydureon after 2 mg administration. Furthermore,
population PK analysis of patients with mild-to-moderate renal impairment
receiving exenatide 2 mg once weekly revealed a 50-60% higher exposure in
these patients compared to that in patients with normal renal function. In the
absence of a positive control, QT data collected in your phase 3 study are not
adequate to rule out small drug-induced QT changes. In contrast to Sudy
GWCI, the intrinsic variability in the measurement of QT interval in the phase
3 trial is not well controlled and small drug-induced increases might not be
detected. Furthermore, the number of patients with moderate impairment
exposed to Bydureon in NDA 022200 is inadequate (n=10) to address this
safety concern.

1. To address this deficiency, you will need to conduct a tQT study
following treatment with exenatide at exposures comparable to those
observed in renal impaired patients taking Bydureon. Prior to
conducting the tQT study, the protocol should be submitted to the
Agency for review.”, and

“In our original review of Sudy LAR-105 titled, "A Randomized, Open-Label,
Multicenter Comparator-Controlled Sudy to Examine the Effects of Exenatide
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Long-Acting Release on Glucose Control (HbA1c) and Safety in Subjects with
Type 2 Diabetes Mellitus Managed with Diet Modification and Exercise
and/or Oral Antidiabetic Medications', in NDA 022200, we noted that
exenatide 2 mg once weekly resulted in a statistically significantly greater
reduction in HbAlc compared to Byetta 10 mcg bid. The difference in adjusted
mean change in HbAlc was -0.3 with an accompanying 95% Cl of -0.5to0 -0.1.
However, this study did not evaluate the commercial drug product. Instead, a
comparability substudy to LAR-105 titled LAR-105c, was conducted after
Week 30 to compare clinical effectiveness between the investigational product
and the commercial product. In this substudy, both investigational and
commercial drug products increased HbAlc with greater deterioration in
glycemic control observed with the commercial product. The average
difference between the two products was 0.2 after 18 weeks of treatment with
an accompanying 95% ClI for this comparison of 0.0 to 0.3. The lower bound
of this 95% CI raises concern that the commercial product may be less
effective than the investigational product used in LAR-105. As a result, we
cannot conclude that the commercial product will provide superior efficacy to
the currently marketed Byetta from LAR-105.

2. We have recently been notified by you that the completed Sudy LAR-
108 titled, "A Randomized, Open-Label, Parallel-Group, Comparator-
Controlled, Multicenter Sudy to Evaluate the Glycemic Effects,
Safety, and Tolerability of Exenatide Once Weekly in Subjects with
Type 2 Diabetes Mdllitus," has a similar study design to Study LAR-
105 but employs the commercial drug product. The results of Sudy
LAR-108 should be submitted with your tQT study to enable a more
accurate evaluation of the efficacy of Bydureon and labeling of the
safety and effectiveness of Bydureon.”

07/28/2011

Sponsor submitted a complete response to the action letter

The sponsor submitted a complete response on 07/28/2011 addressing the deficiencies cited in
October 18, 2010 action letter. The current resubmission contains the final study reports and
datafor the following additional trials:

Table?2. Trialsfor review under re-submission

Trial 1D

Title

BCB108

A Randomized, Open-Label, Parallel-Group, Comparator-Controlled,
Multicenter Study to Evaluate the Glycemic Effects, Safety, and Tolerability of
Exenatide Once Weekly in Subjects with Type 2 Diabetes Méellitus

BCB112

A Randomized, Three-Period, Placebo- and Positive-Controlled,
Double-Blind, Crossover Sudy to Assess the Electrophysiological Effects of
Exenatide at Therapeutic and Supratherapeutic Concentrations on the 12-Lead
Electrocardiogram QT Interval in Healthy Subjects

BCB113

A Pilot Sudy to ldentify Infusion Parameters for Intravenous Infusion of
Exenatide for the Sudy of 12-Lead Electrocardiogram QT Intervals in Healthy
Subjects

Sponsor claimed that trial BCB108 demonstrated that exenatide once weekly drug
product manufactured by Amylin is comparable to exenatide once weekly manufactured
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by Alkermes. From a pharmacokinetic perspective, exenatide concentrations with
Amylin-manufactured drug product were within the known therapeutic range of
exenatide once weekly, resulting in comparable glycemic control without any safety or
tolerability issues with Amylin-manufactured exenatide once weekly drug product.

The focus of this clinical pharmacology review was, therefore, to evaluate the exposure-
efficacy relationship for Bydureon™ in trial BCB108, in reference to that observed
during the review of original NDA. The detailed evaluation of claims based on the tQT
evaluation are documented in the review of tQT study BCB112 by Inter-disciplinary
review team (IRT) of the Agency (see IRT Review in DAARTS dated 11/30/2011), only
the key aspect from IRT’s review are captured in this review. For complete review of
clinical pharmacology information from the original NDA, readers can refer to the
Clinica Pharmacology Reviews in DAARTS, including the original review dated
01/22/2010 and subsequent addendum/memao dated 09/29/2010 and 10/14/2010.

22CLINICAL PHARMACOLOGY QUESTIONS

2.2.1 What are the pharmacokinetic characteristics of Bydureon™ and Byetta from
Phase 3 Trial BCB108?

Study BCB108 was an open-label, randomized, comparator-controlled study comparing
Bydureon™ (manufactured by Amylin) [exenatide LAR] and Byetta® (exenatide) in
terms of safety, tolerability, and glucose control over 24 weeks. Eligible subjects were
randomized to either Bydureon or Byetta group. Subjects subsequently received a 2-mg
dose of Bydureon once weekly (QW) subcutaneously (SC) or Byetta 5 mcg SC twice
daily (BID) for 4 weeks followed by Byetta 10 mcg SC BID for 20 weeks (Byetta group;
as per the standard Byetta dosing). Sponsor personnel remained blinded to efficacy data
(HbA1c and fasting plasma glucose concentrations) throughout the 24-week assessment
period. Subjects returned to the study site at 1- to 6- week intervals for safety, efficacy,
pharmacodynamic, anthropometric, and pharmacokinetic assessments.

For Group A (Bydureon QW) subjects, blood samples for plasma exenatide concentration
and serum antibodies to exenatide were collected pre-dose at each visit with the
exception of Visit 3 (Week 1). For Group B (Byetta BID) subjects, blood samples were
collected at Visit 7 (Week 20) only at -15 minutes, 1, 2, and 3 hours relative to study
medication injection time for plasma exenatide concentration. The blood samples were
also collected for assessment of serum antibodies to exenatide at Visit 2 (Day 1), Visit 6
(Week 14), and Visit 8 (Week 24/Study Termination) or Early Termination.

The assessment for plasma exenatide concentration from exenatide BID treatment group
was an addition to the study via an addendum after study initiation; hence, 31 subjects did
not complete this assessment. Moreover, during the study, due to delay in delivery,
samples from one shipment arrived at their destination completely thawed. The samples
were outside of acceptable stability and were rejected for anaysis at R

This shipment included samples for 24 subjects from exenatide BID
treatment group (all 4 samples at Visit 7) and 22 samples for exenatide QW arm (all from
Visit 6).
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From Weeks 8 through 24, the median plasma exenatide concentration following
exenatide once weekly remained relatively constant, indicating that steady-state
concentration had been achieved (Figure 1).

Figurel Median exenatide concentrations by time for the Bydureon Arm in the 24-week
Phase 3 confirmatory trial (BCB-108)

Median Exenatide Concentration versus visit in Trial BCB-108 (Evaluable PK Population)
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Between Weeks 14 and 24, the average steady state concentration (Css ave geometric mean
[ minimum, maximum]) from Trials BCB108 was 265.8 (40.0, 1765.0) pg/mL for Week
14 to Week 24 that was generally consistent with the observed Cssavein Study 2993LAR-
105 (296.1 [12.0, 1542.8] pg/mL).

Table 3. Plasma Exenatide Parameter Cssave: Descriptive Statistics [Population:
PK Evaluable Subjects Receiving Exenatide QW (N = 71)]

Parameters Statistics

Css ave (Pg" ITIL)

n

71

Mean (SD)

333.02 (280.556)

Geometric Mean (SE)?

265.79 (20.872)

CV%’ 84.25
Median 280.50

Min, Max 40.0,1765.0
25th. 75th Percentile 170.0.374.7
10th, 90th Percentile 118.5.534.5
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For exenatide BID at Week 20, the geometric mean (10", 90™) peak (Cmax) and total
(AUC(0-3h)) plasma exenatide concentrations observed were 135.32 (45.6, 358.0) pg/mL
and 301.48 (112.2, 829.5) pg*hr/mL, respectively (Table 4). There were 15 subjects, who
did not have measurable plasma exenatide concentration, pre- and post-dose at visit 20.
Therefore, these subjects were excluded from PK evaluable population and
pharmacokinetic parameters were not calculated; this observable fact was not associated
with any apparent explanation. The AUC assessment from this trial was partial in nature
and utility of this metric is unknown with regards to exposure-response. The mean
concentration and observed Cmax range is comparable to the established
pharmacokinetic profile of 10 mcg Byetta BID at steady state.

Table 4. Plasma Exenatide Parameters at Week 20: Descriptive Statistics
[Population: PK Evaluable Subjects Receiving Exenatide BID (N = 46)]

Parameters’ C maxi0-3n) T waxco-3n) AUC (o.3p
Statistics (pg/mL) (hrs) (pg*hr/mL)

n 46 46 46

Mean (SD) 16922 (151.122) 220 (0.937) 374.56 (351.476)
Geometric Mean (SE)* 12725 (14 018) n/a 28183 (30.607)
CVo%* 89.31 42.60 93.84

Median 117.50 2.00 27530

Min, Max 30.8, 851.0 0.0,3.1 68.2,2152.0
25th, 75th Percentile 77.7,212.0 2.0,3.0 171.4,465.0
10th, 90th Percentile 45.6.319.0 1.0.3.0 112.2.748.1

2.2.2 What is the exposur e-efficacy relationship for Bydureon™ from Phase 3 Trial
BCB108 and how doesit compar e to the previous Phase 3 data?

The time course of HbA1c, the primary efficacy measure for glycemic control, by
treatment arm is shown in the Figure 1 below. The data indicate that maximal reductions
in HbA1c are achieved by Week 14 onwards.
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Figure2 Time courseof HbAlcin the 24-week Phase 3 confirmatory trial (BCB-108)

HbA1c versus visit(Mean+SE) in Trial BCB-108 (Full Analysis Set, LOCF Data)
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Therefore, exentide exposure-response was evaluated using the pooled plasma exenatide
concentration and corresponding HbA 1c data from visits 14, 20 and 24 for the Bydureon
treatment arm in Trial BCB108 (Figure 3a). The exposure-response trend from Trial
BCB108 was compared with that observed from original NDA in Figure 3b (Trials
LAR104, LAR105).

NDA 22-200, Resubmssion
Bydureon (Exenatide LAR Once Weekly)
Page 8 of 44

Reference ID: 3053760



Figure3 Exposure-HbAlc relationship in Phase 3 trial (BCB-108) is similar to that
observed in original NDA review

(a) Exposure Response (Trial BCB108) (b) Exposure Response (Trials LAR-104, LAR-105)
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The exposure-response relationship was comparable between the new trial that used the
to-be-marketed formulation manufactured by Amylin and that observed from data from
the original NDA (Alkermes).

The to-be-marketed formulation results in steady-state exenatide exposures, which are in
similar range as that to the previously observed data. In addition, these observed
exenatide exposures fall in the maximal response with regards to HbA1c reduction from
baseline.

2.2.3 Does exenatide prolong the QT or QTc Interval?

According to the review of tQT study BCB112 by Inter-disciplinary review team (IRT)
of the Agency, no significant QTc prolongation effect of exenatide (up to ~500pg/mL)
was detected in this TQT study. The largest upper bounds of the 2-sided 90% CI for the
mean difference between exenatide and placebo were below 10 ms, the threshold for
regulatory concern as described in ICH E14 guidelines (see IRT Review in DAARTS
dated 11/30/2011).

Table 1: The Point Estimates and the 90% CIs Corresponding to the Largest Upper
Bounds for Exenatide (~200pg/mL, ~300pg/mL and ~500pg/mL) and the Largest
Lower Bound for Moxifloxacin (FDA Analysis)

Treatment Time (hour) AAQTcP (ms) 90% CT (ms)
Exenatide (~200pg/mL) 9 5.0 (3.7,6.3)
Exenatide (~300pg/mL) 9 3.6 (2.3,5.0)
Exenatide (~500pg/mL) 9 2.7 (1.4, 4.0)

Moxitloxacin 400 mg* 3 114 (9.0, 13.8)

* Multiple endpoint adjustment was applied for 3 timepoints.

(Source: IRT Review dated 11/30/2011 in DAARTYS)
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2.3 ANALYTICAL SECTION
2.6.1 How are the active moieties in the plasma identified and measured?
Clinical Study BCB108:

The clinical study report for trial BCB108 includes the summary and listing of plasma
exenatide concentration data. However, the report did not include pharmacokinetic
parameters, as sponsor determined that calibration of the test method (i.e. standard
curves) used during analysis was inaccurate, creating an unacceptable bias in the
exenatide concentration data. Sponsor then used a process for assuring accurate
calibration by developing a reproducible set of “gold standard” calibrators. The
objectives of this process are:

e To qualify every newly prepared set of calibrators against an invariant
comparator.

e Maintaining consistent assay calibration that allows for the comparison of assay
results over time and between studies.

e A process that actively prevents calibration errors or calibration drift for newly
prepared calibrators (e.g. standard curves), and thus allows for the calibration of a
method to remain consistent.

The working standard curves for the exenatide ELISA are prepared in EDTA plasma to
match the matrix to clinical samples. However, the gold standard calibrators are used to
ensure proper preparation of the EDTA plasma standard curves that are used as
calibrators in production. The gold standards are not used to evaluate clinical study
samples. The gold standards were developed in _ as their well-defined
and thus easy to prepare reproducibly. The gold standards were tested for overnight
storage at 2-8°C and approximately -70°C and no differences were found in the analytical
response from the calibrators.

The exenatide test method using the gold standard calibration was then validated at
m. In order to obtain accurate exenatide concentration results
or study BCB108, all available samples for this study were reanalyzed by the validated
Immunoenzymetric Assay (IEMA). Bioanalytical results for exenatide plasma
concentrations superseded previously reported values listed in the CSR. Sponsor

presented the updated exenatide pharmacokinetic data in a separate addendum to the
CSR.

q Method: The concentration of exenatide in human K2EDTA plasma is
measure

a sandwich ELISA.

A regression of the absorbance of the standard curve samples
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against the concentration is performed and the concentrations of Exenatide in the samples
are determined. The assay validation results are summarized in the table below:

Table5. Exenatide Assay Validation Summary

Matrix:

Human K-EDTA Plasma

Analyte:

Exenatide synonymous with AC2993, 144 2993

Method of Detection:

ELISA

Analytical Systems Software:

SoftMax” Pro GxP v5.0.1 (Molecular Devices)

LIMS and Regression Software:

Watson Bioanalytical LIMS  v7.3 (Thermo Scientific)

Additional Data Analysis and Calculations:

Microsoft” Office Excel 2003

Regression Analysis:

Five Parameter Curve Fit with weighting 1/Y~

Validation Samples:

20.0 (VS1),40.0 (VS2), 50.0 (VS3), 175 (VS4), 375
(VS5). 500 (VS6) and 10,000 (VS7) pg/mL

Intra-Assay Accuracy (% Bias):

-20.4% to 21.8%

Intra-Assay Precision (% CV):

1.1% to 20.4%

Inter-Assay Accuracy (% Bias):

-5.3% to 14.3%

Inter-Assay Precision (% CV):

3.1% to 15.0%

Quality Control Samples (All Runs):

50.0 (LQC). 175 (MQC). 375 (HQC) pg/mL

Intra-Assay Accuracy (% Bias):

-13.6% to 21.2%

Intra-Assay Precision (% CV):

0.0% to 14.6%

Inter-Assay Accuracy (% Bias):

-0.3% to 11.7%

Inter-Assay Precision (% CV):

5.9% 10 9.5%

LLOQ:

The LLOQ based on the Accuracy and Precision data
is 20.0 pg/mL

ULOQ:

The ULOQ based on the Accuracy and Precision data
is 500 pg/mL

Dilutional Linearity Test:

400,000 pg/mL was linear to 1:8,000 diluted in Human
KLEDTA Plasma

Accuracy (% AR):

106.8 % to 111.6%

Precision (% CV):

0.6% to 1.8%

Matrix Effect (Selectivity):

7 male and 7 female human plasma individuals

Unspiked Plasma Samples:

All samples (100%) were found to be BLOQ

Spiked Plasma Samples:

13 of the 14 individuals (93.0%) were within
acceptable % AR limits (£30.0%) at 50 pg/mL

Accuracy (% AR):

78.0% to 117.6%*

Precision (% CV):

0.3% to 7.0%*

Freeze/Thaw Stability:

8 Cycles

Storage Stability in Matrix:

Up to 23 hours and 29 minutes at 5°C and Ambient
Temperature

Long-Term Stability in Matrix:

34 days at -70°C (on going)

This analytical method was aso used for analysis of samples from tQT study BCB112.
Assay precision (%CV) for exenatide concentration measurements in BCB112 ranged
from 5.3% to 5.7%, as assessed using quality control samples that ranged in
concentration from 50 pg/mL to 375 pg/mL. In addition, a dilutional quality control
sample prepared at 500 pg/mL and subjected to the same dilutions as used for study
samples performed with assay precision of 6.2% CV.
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3. Detailed L abeling Recommendations

Recommendation:

The Office of Clinical Pharmacology/Division of Clinical Pharmacology-2 (OCP/DCP-2)
has following labeling recommendations for the revisions to sponsor’ s proposed language
based on the information reviewed under current supplement.

[Note: The underlined blue text is the recommended revision and strikethrough text isthe
deletion]

Reviewer’s Note: The changes recommended to the Clinical Pharmacology Section
reflects our effort to separate general mechanism of action and the information on
pharmacodynamic effect data that is evaluated in clinical studies, to make it
consistent with other PLRs. These changes, if mutually agreed upon, would also
apply to the Byetta label.

Under Section 12 CLINICAL PHARMACOLOGY
12.1 M echanism of Action

Incretins, such as glucagon-like peptide-1 (GL P-1), enhance glucose-dependent insulin
secretion and exhibit other antihyperglycemic actions following their release into the
circulation from the gut. BY DUREON is a GLP-1 receptor agonist that enhances
glucose-dependent insulin secretion by the pancreatic beta-cell, suppresses
inappropriately elevated glucagon secretion, and slows gastric emptying.

The amino acid sequence of exenatide partially overlaps that of human GLP-1.
Exenatide is a GLP-1 receptor agonist that has been shown to bind and activate the
human GLP-1 receptor in vitro. Thisleadsto an increase in both glucose-dependent
synthesis of insulin and in vivo secretion of insulin from pancreatic beta cells, by
mechanisms involving cyclic AMP and/or other intracellular signaling pathways.
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12.2 Phar macodynamics

Exenatide improves glycemic control by reducing fasting and postprandial glucose
concentrations in patients with type 2 diabetes through the actions described below.
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Glucose-dependent insulin secretion: Exenatide has acute effects on pancreatic beta-cell
responsiveness to glucose leading to insulin release predominantly in the presence of

elevated glucose concentrations. This insulin secretion subsides as blood glucose
concentrations decrease and approach euglycemia. BYDUREON Exenatide does not

impair the normal glucagon response to hypoglycemia.

First-phase insulin response: In healthy individuals, robust insulin secretion occurs

during the first 10 minutes following intravenous (IV) glucose administration. This
secretion. known as the “first-phase insulin response.” 1s characteristically absent in

patients with type 2 diabetes. The loss of the first-phase insulin response is an early
beta-cell defect in type 2 diabetes. Administration of exenatide at therapeutic plasma

concentrations restored first-phase insulin response to an IV bolus of glucose in patients
with type 2 diabetes (Figure 1). Both first-phase insulin secretion and second-phase

msulin secretion were significantly increased in patients with type 2 diabetes treated with

exenatide compared with saline (p <0.001 for both).

First-Phase Second-Phase
30 - Insulin Response Insulin Response

Insulin Secretion Rate
(pmolekg-temin-1)

t Time (min)
IV Glucose
Bolus -8 Exenatide (Type 2 Diabetes), N=13

=0=- Saline (Type 2 Diabetes), N= 13
-A~ Saline (Healthy), N = 12

Patients received an IV infusion of insulin for 6.5h (discontinued at [f] =-30 min) to normalize plasma glucose
concentrations and a continuous IV infusion of either exenatide or saline for 5h beginning 3h prior to an IV bolus of
ducose (0.3 g/kg over 30 sec)at t =0 min.

Figure 1: Mean (SE) Insulin Secretion Rate During Infusion of Exenatide or Saline

in Patients With Type 2 Diabetes and During Infusion of Saline in
Healthy Patients

Glucagon secretion: In patients with type 2 diabetes. exenatide moderates glucagon

secretion and lowers serum glucagon concentrations during periods of hyperglycemia.
Lower glucagon concentrations lead to decreased hepatic glucose output and decreased
msulin demand.

NDA 22-200, Resubmssion
Bydureon (Exenatide LAR Once Weekly)
Page 14 of 44

Reference ID: 3053760



Gastric emptying: Exenatide slows gastric emptying, thereby reducing the rate at which
meal-derived glucose appearsin the circul ation.

Food intake: In both animals and humans, administration of exenatide has been shown to
reduce food intake.

Fasting and Postprandial Glucose: BY DUREON decreases fasting plasma glucose within
the first two weeks of initiation of therapy. When steady-state plasma concentrations of
exenatide are achieved, decreased fasting glucose concentrations are maintained and
postprandial glucose concentrations are also decreased [see Clinical Sudies (14.1)].

Cardiac Electrophysiology

(b) (4)

The effect of exenatide following an intravenous infusion on QTc interval was evaluated
in arandomized, placebo- and active-controlled (moxifloxacin 400 mq) three-period
cross over thorough QT study in 79 healthy subjects. The upper bound of the one sided
95% confidence interval for the largest placebo adjusted, baseline-corrected QTc based
on population correction method (QTcP) was below 10 ms, the threshold for regulatory
concern. In this study, the baseline corrected mean increase from placebo (90% CI) in
heart rate associated with geometric mean exenatide concentrations of 253, 399 and 627
pa/mL was 12.3 (11.2, 13.5), 14.4 (13.2, 15.6) and 15.6 (14.3, 16.8) bpm, respectively.

12.3 Phar macokKinetics

Absorption:

(b) (4)

A single dose of BY DUREON exhibits multiphasic release of exenatide over
approximately 10 weeks, with aninitial period representing rapid rel ease of surface
bound exenatide followed by a gradual release and 2 subsequent peaks at around week 2
and week 6-7, respectively, representing the hydration and erosion of the microspheres.

Following initiation of weekly administration of 2 mg BY DUREON, gradual increasein
the plasma exenatide concentration is observed over 6 to 7 weeks. After 6 to 7 weeks,
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mean exenatide concentrations of approximately 300 pg/mL were maintained over
weekly dosing intervals indicating that steady-state was achieved.
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MANOJ KHURANA
12/05/2011
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BIOPHARMACEUTICSREVIEW # 2
Office of New Drug Quality Assessment

Application No. NDA 22-200 Reviewer:
Akm Khairuzzaman, Ph.D
Submission Date: 07/27/2011 Team L ead:
Quality/Response To 10/04/2011 Angelica Dorartes, Ph.D
I nformation Request
Division: DAVP Date 05/23/2011
Assigned:
Applicant: Amylin Pharmaceuticals, Inc. | Date of 10/12/2011
9360 Towne Centre Drive, Review:
San Diego, CA 92121-3030
Trade Name: BYDUREON™ (exenatide

extended-release for
injectable suspension).

Generic Name: Exendin-4 Tvpe of Submission:
| ndication: Type 2 diabetes mellitis. ype or U :
- . Resubmission Class 2

Formulation/strengths Injection, powder, for

suspension, extended release,

2mg
Route of Administration Subcutaneous
Type of Review Evaluation of quality response to information request

HISTORY AND BACKGROUND: Original NDA 22-200 (Bydureon) was submitted on
05/04/2009. This NDA was reviewed by the Agency and a Complete Response (CR) letter was
issued for this NDA on 10/18/2010. InthisCR letter, the Agency expressed the need for
additional QT data and confirmatory data for the safety and effectiveness observed in Study
2993L AR-105.

No Chemistry, Manufacturing, Controls (CMC) and Biopharmaceutics issues were mentioned in
that CR letter. Dr. Olen Stephens was the CMC reviewer and concluded in hisreview that the
NDA was acceptable from CMC point of view. Dr. Akm Khairuzzaman was the
Biopharmaceutics Reviewer and concluded in his review dated 09/22/2011, that the NDA was
“not acceptable from the Biopharmaceutics point of view.” The following list of

bi opharmaceutics deficiencies were communicated to the Applicant on 09/23/2011, through an
Information Request (IR) letter.

1. Providethe in vitro drug release method development report with detailed
information/data.

2. You have used a buffered medium at pH 9.4 for the in vitro drug release study which is
not physiologically relevant. Clarify why such medium was selected and provide any
other drug release studies that you may have conducted in other media.

3. Clarify what isthe discriminating capability of the proposed in vitro drug release (i.e.,
able to distinguish a good batch versus a bad batch). Provide the study report/data
supporting your justification.
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4. Clarify what is the impact of various microsphere size distributions (within your
proposed acceptance criteria) on drug release.

5. The newly proposed drug release range at Day 31 of NLT .% to NMT .% violates the
ICH Q6 a guideline where a maximum total variability of 20% is allowed for an extended
release formulation without the support of IVIVC. Therefore, tighten the drug release
range for this time point appropriately.

On 10/5/2011, the Applicant responded to the above information request. Thus, the focus of this
Biopharmaceutics review is the evaluation of the provided responses and their acceptability.

BIOPHARMACEUTIC INFORMATION:
The sponsor provided the following information to each question/deficiency listed above:
1. Provide the in vitro drug release method development report with detailed
information/data.

Applicant’s Response: The Applicant mentioned that the methodologies used were adopted from
their previous experience with other sustained release preparations and provided the following
two method development reports:

» Report # 702-01907: In Vitro Release Mechanism Study of Exenatide LAR Microspheres

» Report # 702-02579: Exenatide QW Microspheres In Vitro Release Mechanism Studies Part
II: Effect of Media pH, Temperature, Osmotic Strength, and Agitation

Report # 702-01907 - The following data were included in this report.
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° 1] 1° 1% E 3 % w0 4 % & o0 (2 o 5 10 15 20 25 30 35 40 45 %50 55 60 65
Tine (day) ‘ Time (day)
Fig 1. In vitro release profile of Exenatide LAR Fig 2. Polymer MW (relative) trends of microspheres
microsphere at 37°C and 45°C in 300 mM tris buffer undergoing in vitro release testing at 37°C and 45°C

with 0.5% pluronic F-68 at pH 9.34. The insert are
Higuchi plots of the pri release phases.

Fig 3. Gel-permeation chromatograms of in vitro release samples at 37°C
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Table 1. Glass transition temperature data of air-dried in vitro release samples

b
T(‘.'";';" Time (day) ACp WIgPC) | Onset®(°C) | Ena®ec) | T9Width
37
23
1
4
5
6
45 7
8
9
10
11
a. Tg data is obtained from reverse curve at midpoint of half height (half height defines the midpoint as
the Y-axis value halfway between the onset and end of the step/glass transition region). b.Tg width is
obtained by (end T-onset T). Notebook reference: 200-00089.

Fig 4. SEM images of initial microspheres and air-dried in vifro release samples at 37° C (300x surface,
1200x surface, and 1200x cross section)
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Fig 5. SEM images of initial microspheres and air-dried in vitro release samples at 45° C (300x surface,
1200x surface, and 1200x cross section)

Reviewer’s Evaluation for Report # 702-01907: Acceptable

This report is about the investigation on drug release mechanism from the PLGA-microspheres.
The Applicant showed how kinetically the drug release is affected when tested in physiologically
relevant temperature at 37 °C, but the release pattern is the same (linear) when it was tested at
higher temperature, 45 °C. Therefore, mechanistically the drug release did not change as a
Jfunction of temperature.

Based on the data provided on the polymers molecular weight (in figure 2 and 3 of this review),
it appears that the linear release profile of the drug was achieved by a combination of polymer’s
linear erosion and drug diffusion mechanism. However, the polymer’s linear erosion was
observed up to approximately 8 days at 45 °C and 20 days at 37 °C, respectively. This observation
is also in agreement with the SEM micrographs provided in this review in figure 4 and 5. As
shown in figure 5 (fig # 9 in applicant’s report), the complete collapse of microsphere is
observed at day 10 at 45 °C and at 21 to on ward at 37 °C as shown in figure 4 of this review (fig.
# 8 in applicant’s report). Therefore, it is not understandable why the linear drug release is
observed beyond such days in figure 1 of this review (fig # 2 in applicant’s report).

On the other hand, the glass transition temperatures (table 1 in this review, table # 2 in
applicant’s report) of the PLGA microspheres were decreasing upon time under both
temperatures: 37°C & 45 °C and dropped bellow the physiological temperature after 7" day at
45 and 2I° day at 37 °C, respectively. Therefore, the PLGA microspheres are in glassy state
up to such period of time since their glass transition temperature is bellow the physiological
temperature. Similarly, the drug release should suddenly go up after such time period when the
glass transition temperature is dropped bellow the physiological temperature and PLGA
microspheres reached at a rubbery state where the molecular mobilization is higher. Therefore
the relationship between the polymers’s decreasing glass transition temperature and the linear
release of drug is unclear.
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Report # 702-02579 - The Applicant conducted the following studies under this report.

- Variation of pH during in vitro release

- Effect of temperature, osmotic pressure and agitation on in vitro release
profile

- Effect of temperature, pH and osmotic pressure on polymer molecular
weight during in vireo release

- Effect of pH, osmotic pressure on microsphere surface morphology (by

SEM)
The Applicant prepared the following different buffer composition to execute the above
objectives:
Table. 2. Various Buffer Compositions
High pH
Buffer (Standard Normal pH Low pH* High osmolarity | Low osmolarity
Condition)
34 gm Tris base 5.1gm Tris base 18.4gm Glycine base | 34 gm Tris base 2.1gm Tris base
3.0gm Tris HCI 40 gm Tris HCI 3.9 gm Glycine HCI 3.0 gm Tris HCI 0.2 gm Tris HCI
Compc»sition1 5.0gm Pluronic F68 | 5.0gm Pluronic F68 | 5.0 gm Pluronic F68 | 5.1gm Pluronic F68 | 5.0gm Pluronic F68
0.2 gm NaN3 0.2 gm NaN3 0.2 gm NaN3 0.2 gm NaN3 0.2 gm NaN3
8.8gm NaCl
pH? 9.4 7.4 3.1 94 94
Osmolarity'® | 306 mOsm 303 mOsm 283 mOsm 606 mOsm 24 mOsm
' per liter
2 Measured by pH meter
? Calculated

“Glycine buffer was used because adjustment to the targeted pH ranges could not be achieved using Tris buffer.

The outcome of these studies is follows:

10

pH
o
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Fig. 6. Variation of pH during in vifro release
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Fig. 7. Effect of temperature on the in vitro release profile of Exenatide QW microsphere.
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Fig. 8. Effect of pH on the in vitro release profile of Exenatide QW microsphere.
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Fig. 9. Effect of osmotic pressure on the in vitro release profile of Exenatide QW microsphere.
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Fig. 10. Effect of temperature, pH, and osmotic pressure on polymer Mw during
in vitro release of Exenatide QW microspheres.

Reviewer’s Evaluation for Report # 702-02579: Acceptable

This reviewer found that the drug release at 25 °C is more linear with no apparent lag phase,
however, 37 °C is physiologically more relevant and the drug release is sigmoidal. The effect of
PH on the drug release was significant. No drug release was observed up to 30 days at pH 7.4
which is more physiologically relevant compared to pH 9.4 but at this pH the drug release is
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optimum and may serve as a quality control medium for the batch release. Medium agitation was
found to have no impact on drug release. Therefore, this reviewer finds that these studies are
satisfactory and the selected in vitro release medium, composition, temperature, pH, osmolality,
and apparatus are acceptable.

2. You have used a buffered medium at pH 9.4 for the in vitro drug release study
which is not physiologically relevant. Clarify why such medium was selected and
provide any other drug release studies that you may have conducted in other media

Applicant’s Response: The Applicant mentioned that the pH 9.4 medium was found to be the
most closely related to the time scale profile of the human plasma PK profile as shown in the

following figure:
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Fig. 11. Cumulative In Vitro Release for Exenatide QW with 37°C In Vitro Complete Release Method Compared to Cumulative
Percent AUC in Patients

The sponsor also mentioned that the media prepared at the physiological pH of 7.4, or at the
lower pH of 3.1, did not produce release profiles that resembled the in vivo drug performance in
the above figure. Additionally, the percent of drug released at lower pH was nearly zero as
shown in figure 8 in this review.

Reviewer’s Evaluation: Acceptable
3. Clarify what is the discriminating capability of the proposed in vitro drug release

(i.e., able to distinguish a good batch versus a bad batch). Provide the study
report/data supporting your justification.
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Applicant’s Response: The Applicant demonstrated the discriminating capability of the selected
dissolution method using various formulations with different lots. These formulations have
differences in polymer molecular weight (e.g. formulation 28 has polymer molecular weight
kDa, formulation 30 has polymer molecular weight -kDa and formulation 17 has| @ kDa).
e Applicant mentioned that the mechanism of the drug release was not changed in these
formulations. The dissolution method distinguished this formulation as follows:

Table 3. 37°C In Vitro Complete Release Data at Proposed Control Timepoints for AC2993-F17, -F28, and -F30 Formulations

F17 F17 F28 F30
Control Proposed F17 Formulation Formulation Formulation Formulation
Timepoint Specification (Lot: S426- (Lot: S426- (fast releasing) | (slow releasing)
_ 2377CA) 2507AA) Lot: 435-3447A | Lot: 438-0988A
Day 17 NMT 0.8 0.6 13.2 (Fails) 2.2
Day 31 NLT ild 43 43 58 (Fails) 12 (Fails)
NM
Day 52 NLT | (o 90 89 80 89

Values reported were from formulations used to support IVIVC filing

% Released

0 10 20 30 40 50 60
Time (days)
Fig.12. 37°C In Vitro Complete Release Profiles for Exenatide QW Formulations AC2993-F17, -F28, and -F30

Reviewer’s Evaluation: Acceptable

4. Clarify what is the impact of various microsphere size distributions (within your
proposed acceptance criteria) on drug release.

Applicant’s Response: The Applicant demonstrated the effect of particle size on the in vitro

release behavior with drug product samples having different particle size distributions (obtained
by- representative i and scale batches). Th_ were evaluated for in
vitro complete release. The data provided are as follows:
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Table 4. Effect of Particle Size on In Vitro Initial Release
Batch Number Dv50 (nm {n Vifrs Infial
Diameter (um) (m) Release (%)
05-016-045
07-017-112

Dv50 = the median or the S0th percentile of the particle size distribution, as measured by volume

Reviewer’s Evaluation: Acceptable
The particle size range of th:- that generated increased in vitro initial release

ium) are below the process range and therefore of no practical significance.

5. The newly proposed drug release range at Day 31 of NL'I-to NMT.%
violates the ICH Q6a guideline where a maximum total variability of 20% is allowed
for an extended release formulation without the support of IVIVC. Therefore,
tighten the drug release range for this time point appropriately.

Applicant’s Response: The applicant agreed to tighten the limits to NLT .% and NM'[.%
and updated the specification in sections 3.2.P.5.1, Specifications and 3.2.P.5.6, Justification of

Specifications were revised accordingly.

Reviewer’s evaluation: Acceptable
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RECOMMENDATION:

The Applicant’ s responses for the Biopharmaceutics deficiencies included in the Information
Requested L etter dated 09/23/2011 are acceptable. Therefore, from the Biopharmaceutics view
point NDA 22-200 for BY DUREONT™ (exenatide extended-release for injectable suspension) is
recommended for approval.

Akm Khairuzzaman, Ph.D. Angelica Dorantes, Ph.D.
Biopharmaceutics Reviewer, ONDQA Biopharmaceutics Team Leader, ONDQA
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This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

AKM KHAIRUZZAMAN
10/19/2011
Acceptable from Biopharmaceutics point of view.

ANGELICA DORANTES
10/19/2011
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BIOPHARMACEUTICSREVIEW #1
Office of New Drug Quality Assessment

Application No. NDA 022-200 Reviewer: Akm
Khairuzzaman, Ph.D
Submission Date: 07/27/2011 Team Lead: Angelica
Dorantes, Ph.D
Division: DAVP Date 05/23/2011
Assigned:
Applicant: Amylin Pharmaceuticals, Inc. | Date of September 22,
9360 Towne Centre Drive, Review: 2011
San Diego, CA 92121-3030

Trade Name: BYDUREON™
Generic Name: Exendin-4
::r;(:lmcitllgtri]bn/str engths ;l'r;/ EStizogl ap?oe\;[v&(:errn ?(Ijlrns. Type Of.Su.meSS' on:
L ’ Resubmission Class 2
suspension, extended release,
2mg
Route of Administration Subcutaneous
Type of Review Evaluation of the In Vitro Release Method and Acceptance Criteria

HISTORY AND BACKGROUND: NDA 22-200 (Bydureon) was submitted on May
04, 2009. This NDA was reviewed by the Agency and a CR letter was sent out on
October 18, 2010. In the Complete Response letter issued for BY DUREON, (18 October
2010), the Agency expressed the need for additional QT data and confirmatory data of
the safety and effectiveness observed in Study 2993LAR-105. No Chemistry,
Manufacturing, Controls (CMC) and Biopharmaceutics issues were mentioned in that CR
letter. Dr. Olen Stephens was the CMC reviewer and concluded in his review that the
NDA was acceptable from CMC point of view. No Biopharmaceutics reviewer was
assigned during the review cycle of thisNDA.

On July 28, 2011, the Applicant re-submitted the NDA 22-200 application. Besides the
changes made in module 4 and 5, changes were also made in module 3 to update stability,
specifications, test methods, and manufacturing. It should be noted that a
Biopharmaceutics Reviewer was not assigned to this NDA in thefirst review cycle. Dr.
Khairuzzaman was assigned to review this NDA resubmission on 05/23/2011.

BIOPHARMACEUTIC INFORMATION: The drug product is a sustained release
formulation (microspehere formulation). The drug product kit consists of microsphere
powder inal @@ vial, diluent in al ®® syringe, injection needles, and avial connector. The
exenatide once weekly dose is prepared by mixing one via of microspheres with one syringe
of diluent. The resulting suspension is administered by subcutaneous injection using the
diluent syringe. Two milligrams of exenatide from each single-dose kit are to be administered
subcutaneously once per week. The formulation composition of the product isgiven in
Table 1.
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Table 1. Formulation composition

Name of Ingredient Quan.tlty a Function Compefldlal
(mg/syringe) Quality

Carboxymethylcellulose Sodium 23 USP
Sodium Chloride 5 USP
Polysorbate 20 0.77 NF
Monobasic Sodium Phosphate Monohydrate USP
Dibasic Sodium Phosphate Heptahydrate USP
Water for Injection USP

The Applicant reported that the Exenatide formulation (whereby the exenatide peptide is
encapsulated within biodegradable polymer microspheres, PLG) was designed to provide
an extended release profile over a period of week. The proposed commercial formulation
was selected because it had a favorable C,.x to Caye ratio and acceptable overall
bioavailability. As per the description given in the application, the drug release
mechanism is achieved in

. Therefore
understanding of the product’s formulation attributes and manufacturing process and their
possible impact on in vitro drug release is very important. It should be noted that no
IVIVC was submitted in this application.

The Applicant provided the following in vitro drug release behavior in its original
submission (pharmaceutical development section):

Figared:  Representative In Vitro Release and Microsphere Molecular Weight Profile

In vitro Release @ 37°C
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In addition to the proposed 37°C in vitro complete drug release method, another in vitro
complete release method was developed. This method was designed for routine quality
control testing and release. The method conditions are similar to the 37°C method except
that the temperature during the release studies is maintained at 45°C. This higher
temperature accelerates the degradation of the polymer resulting in a shorter duration in
vitro release study than the approximately 45 days required for the complete release
method at 37°C. The Applicant provided the following representative plot for the
comparative in vitro release and molecular weight data from the 45°C and the 37°C
methods (provided in original submission under 3.2.P.2.2.3.3.3).

Time (day, 45°C)
0 5 10 15 20

Cum Rel (%) & Mw (kD) 37°C
Cum Rel (%) & Mw (kD) (45°C)

0 10 20 30 40 50 60

Time (day, 37°C)

Despite of the above similarity in the release profiles under the two different
temperatures the Applicant has set new drug release limits in their specifications as

follow:
Original proposed limits Revised limits in re-submission
In Vitro Initial Release NM'I.% (method: TM- | In Vitro Initial Release NMT.% (method: TM-
0212) 0212)

In Vitro Complete Release at 45°C (method: TM- | In Vitro Complete Release at 37°C (method: TM-
0220): 0216):

Day 7 % Day 17 NMT | (5%
Day 14 NLT g% and NMT| 1% Day 31 NLT |{% and NMT [§}%
Day 21 NL Day 52 NLT |g}%

Test method TM-0220 describes an in vitro complete release method that measures the
complete release profile of exenatide from exenatide QW at 45°C. The method has been
validated and described in the CMC section. Samples for TM-0220 are prepared by
incubating microspheres in a pH 9.4 TRIS-buffered medium for 21 days at 45°C.
Aliquots of the medium are removed on specified days during the 21-day release period,
and the concentrations of exenatide in the media are determined by size exclusion HPLC
with external standard calibration. This method was included in the drug product
specification in the initial NDA submission, but has been replaced by TM-0216, which is
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identical except that it is conducted at 37°C for 52 days. Under the new method (TM
0216) the samples are suspended in buffer and stored in a 37°C water bath until complete
release (not less thax.%) of exenatide has been achieved.

Reviewer’s comment: The in vitro drug release medium (pH 9.4) is physiologically
irrelevant. It is not clear why such medium was selected. No in vitro drug release method
development was found in the application.

Comparative stability data (drug release only) in two different bath temperature:

Table 2. Day 7 Percent In Vifro Complete Release at 45°C for the S°C Storage Condition
Time point, Months

Lot Number

0 3 6 9 12 18 24 30

07-017-112
07-017-118
07-017-126

" NR =Not reported NT = Not tested
# Amylin Ohio result from frozen retain. see text
" Data not reportable due to a laboratory error.

¢ 25-Month sample
Table 3. Day 17 Percent In Vitro Complete Release at 37°C for the S°C Storage Condition

Time point, Months

Lot Number

07-017-112

07-017-118

07-017-126
0033

A = Scheduled

Table 4. Day 14 Percent In Vitro Complete Release at 45°C for the S°C Storage Condition
Time point, Months

Lot Number

07-017-112

07-017-118

07-017-126

0033

NT = Not tested

* Amylin Ohio result from frozen retain, see text
°  Suspect result. Investigation conducted, see text.
¢ 25-Month sample
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Table 5. Day 31 Percent In Vitro Complete Release at 37°C for the S°C Storage Condition

Time point, Months
Lot Number

07-017-112

07-017-118
07-017-126

A =Scheduled NT = Not tested, reduced testing implemented to reflect REST080468

Table 6. Day 21 Percent In Vitro Complete Release at 45°C for the S°C Storage Condition

Time point, Months
Lot Number

07-017-112

07-017-118

07-017-126

0033

NT = Not tested
#  Amylin Ohio result from frozen retain. see text
°  25-Month sample

Table 7. Day 52 Percent In Vitro Complete Release at 37°C for the 5°C Storage Condition

Time point. Months
Lot Number

07-017-112

07-017-118

07-017-126
0033

A = Scheduled

Reviewer’s comment: There is a significant difference in the percent of drug being
released at the 37 °C lower temperature; which led the Applicant to set up new
dissolution limits for the product’s acceptance criteria.

Reviewer’s Concerns:

(i) The selected in vitro release medium is a buffered medium at pH 9.4 which is
not physiologically relevant and it is not very clear why the Applicant has
selected such medium. No method development report was submitted in the
NDA resubmission application package and therefore there is a very limited
scope to evaluate whether this method is discriminating and has the power to
distinguish a good batch versus a bad batch.

(ii)  No study/data was found in the application, to evaluate the possible impact of
microsphere size on dissolution.
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(iii)  The newly proposed dissolution limits at Day 31 of NLT | {4% and NMT | & %
violates the ICH Q6 A guideline where a maximum total variability of 20% is
allowed for an extended release formulation without the support of 1VIVC.

RECOMMENDATION: NDA 22-200 cannot be approved from biopharmaceutics point
of view until satisfactory responses to the following deficiencies are provided by the

applicant:

1. Providedetailed in vitro drug rel ease method devel opment report. Y ou have used
abuffered medium at pH 9.4 for the in vitro drug release study which is not
physiologically relevant. Clarify why such medium was selected and provide any
other drug release studies that you may have conducted in other medium.

2. Clarify what is the discriminating capability of thisin vitro drug release study to
distinguish a good batch versus bad batch? Provide study report/datain support of
your justification. What is the impact of various microsphere size distributions
(within your proposed specification) on drug release?

3. Thenewly proposed dissolution limitsat Day 31 of NLT (% and NMT' &%
violates the ICH Q6 A guideline where a maximum total variability of 20% is
allowed for an extended rel ease formulation without the support of IVIVC

Akm Khairuzzaman, Ph.D. Angelica Dorantes, PhD.
Biopharmaceutics Reviewer, ONDQA Biopharmaceutics Team Leader, ONDQA

Reference ID: 3018803
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CLINICAL PHARMACOLOGY MEMORANDUM

NDA: 22-200

Drug: Bydureon (Exenatide extended release)
Sponsor: Amylin

I ndication: Treatment of type 2 diabetes
Reviewer: Jayabharathi Vaidyanathan, Ph.D.
Team Leader: Sally Choe, Ph.D.

Submission Date; 4/22/10

Memo Date: September 14, 2010

Background

Bydureon NDA was submitted on May 4, 2009. A Complete Response (CR) was sent to
the sponsor on March 12, 2010 mainly due to lack of a Risk Evaluation and Mitigation
Strategy (REMS) and product quality issues. The application was acceptable from a
Clinical Pharmacology perspective at that time and labeling comments were sent to the
sponsor. Please refer to the Clinical Pharmacology review dated 1/22/10 for the original
NDA 22-200 (Bydureon) and addendum dated 9/28/10 for details. The sponsor submitted
a response to the deficiencies outlined in the previous action letter and the NDA was
resubmitted on 4/22/10.

During the first review cycle, QT interval prolongation was not identified to be an issue
with Bydureon. The QT-IRT in a consult dated 12/17/2009 concluded that there are no
apparent QT-prolonging effects of exenatide when administered as the extended release
(Bydureon) or immediate release (Byetta) formulations. Their conclusion was based on
the ECG data evaluated for study 2993LAR-105 and in a meta-analysis of studies 2993-
112, 2993-113 and 2993-115. The QT-IRT also stated that small increases in the QTc
interval (<10 ms) cannot be ruled out because a dedicated TQT study with positive and
placebo controls was not conducted. A TQT study was not recommended for Bydureon
at that time because it was incorrectly stated in the IRT review (dated 12/17/2009) that
the average exposures achieved with Bydureon are lower than the approved formulation
(Byetta). In fact, Bydureon exposure is higher than those achieved following
administration of Byetta and according to ICH E14, a TQT study is applicable to a new
route of administration/new formulation of an approved product if it results in
significantly higher exposure.



In June 2010, DMEP received a telephone communication from Health Canada regarding
thorough QT (TQT) study H80-EW-GWCI which was not conducted under a US IND
and hence the results were not submitted to the FDA. Health Canada concluded that
exenatide prolongs the QT and PR intervals and increases the heart rate. The Division
advised the sponsor to submit the results of the TQT study. The sponsor submitted this
study and the QT-IRT was consulted to conduct the review. Please refer to the IRT
review dated 8/16/10 in DARRTS for details.

The sponsor claims that the TQT study is a negative study and the positive correlation
that was observed between plasma exenatide concentrations and changes from baseline in
QTcF was mainly driven by subjects with exenatide concentrations less than 300 pg/mL.
They indicated that patients whose concentrations were > 400 pg/mL had QTcF changes
below the regression line. Additionally ECG assessments in the Bydureon pivotal Phase 3
trial (LAR-105) did not show significant correlation between plasma exenatide
concentrations and the change in QTcF intervals from baseline to Week 14 and Week 30 or
early termination.

The IRT concluded the followings in their review of the TQT study —

e “The TQT study results can only be applied for Byetta. No significant QT
prolongation effect was detected in this TQT study. The largest upper bound of
the 2-sided 90% confidence interval (CI) for the mean difference between
exenatide 10 pg and placebo was below 10 ms, the threshold for regulatory
concern as described in ICH E14 guidance. The largest lower bound of the two-
sided 90% CI for the placebo-adjusted, baseline-corrected QTcF (AAQTcF) for
moxifloxacin was greater than 5 ms, and the moxifloxacin profile over time is
adequately demonstrated, indicating that assay sensitivity was established.
Therapeutic dose of Byetta is adequate to represent the high clinical exposure
scenario. Repeated twice daily dosing yields no substantial systemic accumulation
of exenatide (half-life of approximately 2 hours after SC administration). No
drug-drug interactions have been observed that would significantly increase
exposure. Exenatide exposure in patients with mild to moderate renal impairment
is similar to that of patients with normal renal function. Byetta should not be used
in patients with severe renal impairment or end-stage renal disease.”

e “No definitive conclusion for the effect of Bydureon on QTc interval can be
drawn based on the TQT study for the following two reasons.

o The mean maximum concentration (Cmax) of exenatide observed in the
TQT study is 208 pg/mL, which is half the steady state concentration
following the therapeutic dose of Bydureon. In addition, following
treatment with Bydureon, the clinical exposure of exenatide in patients
with moderate renal impairment is expected to be 50-60% higher
compared to that in patients with normal renal function.

o Bydureon may potentially cause QTc prolongation. The current TQT
study indicated that exenatide appears to increase QTc interval in a
concentration-dependant manner (P = 0.003). The projected upper bound



of 90% CI for QTc interval following steady state Cmax of exenatide using
Bydureon may exceed 10 ms, given the caveat that the model predictions
are mainly based on extrapolation.”

The ICH E14 guidance “Clinical Evaluation of QT/QTc Interval Prolongation and
Proarrhythmic Potential for Non-Antiarrhythmic Drugs” states the following:
“While this document is concerned primarily with the development of novel
agents, the recommendations might also be applicable to approved drugs when a
new dose or route of administration is being developed that results in significantly
higher exposure (i.e., Cmax or AUC)”.
Bydureon has higher exposure than Byetta and therefore according to the guidance, a
TQT study will be needed. This TQT study should be conducted pre-marketing because
the results of the Byetta TQT study showed a positive concentration-QTc relationship,
indicating that patients taking Bydureon would have prolonged QT interval.

Considering this information regarding the potential of QT prolongation by Bydureon, we
disagree with the sponsor’s conclusion that there is no effect of Bydureon on QT interval.
Although the ECG analysis of Phase 3 data did not detect a signal, these analyses are not
sensitive as the TQT study to detect small increases in QT (e.g., 10 ms). Additionally as
per the ICH guidance, the higher exposure of exenatide resulting from Bydureon qualifies
for the need of a TQT study. Therefore, it is recommended that the sponsor characterize
the QTc and other ECG interval changes following treatment with Bydureon. Due to the
PK characteristics of Bydureon (e.g., its sustained release properties, delayed second
peak), it is recommended that the TQT study be conducted with Byetta (exenatide
immediate release). The sponsor should evaluate higher doses of Byetta to obtain
exposures that are relevant to those obtained following administration of Bydureon. To
note, based on original clinical pharmacology review for Byetta NDA, it appears that a
dose range of 0.01 pug/kg to 0.4 pug/kg (or 28 pug in a 70 kg person) was evaluated in
clinical studies with exenatide and the sponsor could potentially use a 28 pg dose to
achieve concentrations (observed mean Cmax following single dose of Byetta 0.4 ug/kg
was 572.83 pg/mL in study 2993-102) that can reach the levels seen in moderate renal
impaired patients following administration of 2 mg dose of Bydureon (Average steady
state concentration = 486 pg/mL).

Recommendations: The submission containing response to deficiencies in the CR letter
for NDA 22-200 (Bydureon) was reviewed by the Office of Clinical
Pharmacology/Division of Clinical Pharmacology-II (OCP/DCP-II) and based on the
recent QT information it is found to be unacceptable. The following recommendation
should be sent to the sponsor as appropriate.

It is recommended that the sponsor characterize the QTc and other ECG interval changes
following treatment with Bydureon. Since the PK characteristics of Bydureon make it
difficult to evaluate in a thorough QT (TQT) study, it is recommended that the TQT study
can be conducted with Byetta at a higher dose (e.g., 28 ug), so that higher plasma
exenatide concentrations are achieved. Prior to conducting the TQT study, the protocol
should be submitted to the QT-IRT for review.
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CLINICAL PHARMACOLOGY ADDENDUM

NDA: 22-200

Drug: Bydureon (Exenatide extended release)
Sponsor: Amylin

I ndication: Treatment of type 2 diabetes
Reviewer: Jayabharathi Vaidyanathan, Ph.D.
Team Leader: Sally Choe, Ph.D.

Submission Date(s): 4/22/10, 6/2/10

Memo Date: 8/30/10
Subject: Addendum to Clinical Phar macology Review and L abeling
Comments

Bydureon NDA was submitted on May 4, 2009. A Complete Response was sent to the
sponsor on 3/12/10 mainly due to lack of a Risk Evaluation and Mitigation Strategy
(REMS) and product quality issues. The application was acceptable from a Clinical
Pharmacology perspective and labeling comments were sent to the sponsor. Please refer
to the Clinical Pharmacology review dated 1/22/10 for the original NDA 22-200
(Bydureon) for details. On 4/22/10, the sponsor submitted a response to the deficiencies
outlined in the previous action letter. The sponsor accepted most of the recommended
language pertaining to Clinical Pharmacology and also raised certain comments. This
memo is to summarize the subsequent labeling discussions and response to sponsor’s
comments. This memo also amends language regarding renal impaired patients that was
in the original clinical pharmacology review dated 1/22/10.

Amendment of Clinical Phar macology Review:

Page 5 under Renal I mpair ment:
Current language: “No dose adjustment is proposed for mild and moderate renal
impairment. It is contraindicated in severe and end stage renal impairment.”

Amendment: “No dose adjustment is proposed for patients with mild and moderate renal
impairment. It is proposed not to be used in patients with severe and end stage renal
impairment.”



Page 22:

Current language: “The effect of renal impairment was studied in Byetta clinical program
and submitted under NDA 21-773. No dose adjustment is recommended in mild and
moderate renal impairment, while exenatide is contraindicated in severe and end stage

renal impairment. Similar dosing recommendations are being proposed for exenatide
LAR.”

Amendment: The effect of renal impairment was studied in Byetta clinical program and
submitted under NDA 21-773. No dose adjustment is recommended in patients with mild
and moderate renal impairment, while exenatide should not be used in patients with
severe and end stage renal impairment. Similar dosing recommendations are being
proposed for exenatide LAR.”

Labeling Comments:

The following labeling comments were sent to the sponsor and clinical team.
(Strtkethrough—text is recommended to be deleted and underlined text is recommended
to be added.)

Highlights

WARNINGS AND PRECAUTIONS

Sponsor’s proposal regarding moderate renal impairment:
The Sponsor disagreed with the Agency’s proposal to remove
with “is used” in the sentence under Renal Impairment language:

and replace

... The
available clinical data according to the sponsor does not support more restrictive
BYDUREON label language regarding use in patients with moderate renal impairment
compared to the currently approved BYETTA renal impairment language.

FDA comment:

The PK characteristics of Bydureon are different from Byetta with steady-state levels
achieved 1n 6-7 weeks indicating that the highest exposure of exenatide will be achieved
in patients at least after 6-7 weeks of dosing. Therefore, caution should be exercised after



the initiation of Bydureon particularly where exposure can be increased as is seen in the

patients with moderate renal impairment. There was no significant exposure change after

administration of Byetta in moderate renal impaired patients as compared to normal renal

function patients. Therefore, use of caution during Bydureon therapy rather than | @
is appropriate.

ADVERSE REACTIONS:

Most common (>5%) and occurring more frequently than placebo in clinical trials:
nausea, diarrhea, injection site pruritus, vomiting, constipation, headache, dyspepsia,
fatigue, injection site erythema and hypoglycemia (5.3, 6.1).

Sponsor’s proposal on inclusion of increased | NR statement in Adverse Reaction
section:

The Sponsor proposes retaining the INR statement only within the Drug Interactions
section. According to them, prescribers are most likely to seek this information within
the Drug Interactions section of the label and state that including the statement within the
Adverse Reaction section creates a duplication of information that places undue emphasis
on the event.

FDA comment:

We concur with the sponsor’s proposal.

2 DOSAGE AND ADMINSITRATION

21  Recommended Dosing

Missed Dose

(b) (4)

Changing Weekly Dosing Schedule




(b) (4)

Sponsor’s proposal for changing weekly dosing schedule:

The sponsor has indicated that a single dose of BYDUREON gradually releases exenatide
over approximately 10 weeks, variations in dose timing within a week will not
meaningfully alter steady-state plasma concentrations of exenatide. The majority of the
exenatide exposure from a single injection is observed between 4 and 10 weeks after
administration with a peak observed at approximately 7 weeks. Weekly dosing results in
slow accumulation until steady state is achieved in 6 to 7 weeks after which peak-to-
trough ratios are low. If a patient was at steady state and were to administer two doses 1
day apart, peak plasma concentrations would increase approximately 10% -15%. This
degree of variability in exenatide levels would not impact the safety and tolerability
profile of BYDUREON. Thus, requiring a patient to e

to resume their usual schedule after a missed dose or to set a new dosing
schedule is not warranted.

FDA comment:

Based on the QT-IRT review dated 8/16/10, Bydureon may potentially cause QT
prolongation. The TQT study indicated that exenatide appears to increase QTc interval in
a concentration-dependant manner. Based on the concentration-response relationship, for
each 100 pg/mL concentration of exenatide the predicted increase is about 2 ms.
Therefore, potentially this may reach average increase of 10 ms for concentration of 500
pg/mL. For Byetta, this is not a concern, however for Bydureon this could be potentially
a safety issue (for example, moderate renal impairment increases exposure by ~60% and
with average steady-state concentration of 300 pg/mL, the levels in these patients can
reach 500 pg/mL).

Following administration of 2 doses on consecutive days, we do not expect the average
steady-state concentration to change significantly, however, we cannot rule of the initial
increase in peak concentration. Since the concern over the concentration relation to QT is
raised, we recommend minimizing the cases where the exposure may increase. Therefore,
we recommend to keep the weekly interval in case of missed dosing.

5.4 Renal Impair ment

BYDUREON should not be used in patients with severe renal impairment (creatinine
clearance <30 mL/min) or end-stage renal disease and should be used with caution in
patients with renal transplantation [see Use in Specific Populations (8.6)]. In patients
with end-stage renal disease receiving dialysis, single doses of BYETTA 5 mcg were not
well tolerated due to gastrointestinal side effects. Because BYDUREON may induce

nausea and vomiting with transient hypovolemia, treatment may worsen renal function.
(o) (4)



renal impairment (creatinine clearance 30 to 50 mL/min) [see Use in Specific Populations
(8.6) Clinical Pharmacology (12.3)]. BYDUREON has not been studied in patients with
end-stage renal disease or severe renal impairment.

8.6 Renal Impairment

BYDUREON is not recommended for use in patients with end-stage renal disease or
severe renal impairment (creatinine clearance <30 mL/min) and should be used with
caution in patients with renal transplantation. Rl
(creatinine clearance 30

to 50 mL/min) [see Warnings and Precautions (5.4) and Clinical Pharmacology (12.3)].

12.3 Pharmacokinetics

Renal Impair ment

BYDUREON has not been studied in subjects with severe renal impairment (creatinine
clearance <30 mL/min) or end-stage renal disease receiving dialysis. Population
pharmacokinetic analysis of renal impaired patients receiving 2 mg BYDUREON
indicate that there is a ®® 6296 and 33% increase in exposure in moderate
(N=10) and mild (N=56) renal impaired patients, respectively as compared to normal
(N=84) renal function patients.

Sponsor’s proposal regarding exposure in moderate renal impairment:

The Sponsor's analysis of exenatide exposure in subjects with mild and moderate renal
impairment indicated increases of O®@ respectively, when compared to those
subjects with normal renal function. The Sponsor requested clarification of the
derivation of the values the Agency included in text regarding this.

FDA comment:

The sponsor’s analysis ®®@o/ increase in moderate and mild renal impaired
patients) is resulting from the median individual predicted exenatide steady-state
concentration, while the Agency’s analysis (53% and 24% increase in exposure in
moderate and mild renal impaired patients), was done using the mean observed steady-
state exenatide concentration from one visit for each patient. On further internal
discussion, it was agreed that use of the mean observed steady-state concentrations from
all the visits is more appropriate and is indicated in the proposed language.



Drug Interactions

On 9/17/10, the sponsor submitted a proposal for a minor correction to the Clinical
Pharmacology, Drug Interaction, Oral Contraceptive language in the Byetta label (NDA
21-773). The existing language incorrectly cites a @@ ng" dose of ethinyl estradiol. The
actual dose was "30 ug" as noted in the clinical study report submitted to the Agency
under NDA 021-773 on March 27, 2007. This change will also reflect in the Bydureon
label.

FDA comment:

This proposal to correct the ethinyl estradiol dose from (4)ug to 30 ng in the Clinical

Pharmacology, Drug Interaction, Oral Contraceptive language is acceptable.
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1 Executive Summary

Bydureon is a subcutaneously (SC) injectable extended-release formulation of exenatide
proposed to be given once weekly and contains the same active ingredient as the
approved Byetta. Byetta (exenatide) injection is approved in the United States as an
adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes
mellitus. Byetta is administered twice daily (BID) at doses of 5 ug or 10 ug by
subcutaneous (SC) injection. Byetta is administered within the 60-minute period before
the morning and evening meals and primarily exerts its pharmacodynamic effects on
glucose concentrations during the postprandial period of those meals. Bydureon is
proposed to be administered once weekly at any time of the day, with or without meals.
The proposed indication for Bydureon is similar to Byetta - As an adjunct to diet and
exercise to improve glycemic control in adults with type 2 diabetes mellitus.

11 Recommendation

The Office of Clinical Pharmacology / Division of Clinical Pharmacology-II (OCP/DCP-
IT) has reviewed NDA 22-200 for Bydureon (exenatide once weekly or exenatide LAR)

and finds it acceptable provided that the Agency and the sponsor agree on the labeling.
OCP briefing was held on 1/6/10.

1.2  PhaselV Commitments
None
1.3  Summary of Important Clinical Phar macology Findings

The exenatide once weekly/LAR formulation consists of biodegradable polymeric
microspheres that entrap exenatide and provide extended release. The microspheres are
composed of exenatide ®®@ and are incorporated into a matrix of poly-(D,L
lactide-co-glycolide) (PLG), a biodegradable polymer that has been previously used in
approved drug products. When injected into the subcutaneous space, the polymer
biodegrades over time, resulting in an extended duration of peptide release. The clinical
pharmacology of exenatide once weekly program utilizes susbstantial information from
the approved Byetta (immediate release exenatide).

Exenatide LAR has been manufactured at | @%@ different scales 0@
from two different manufacturing sites (Alkermes, Inc. in Wilmington, Ohio and Amylin
Ohio, LLC in West Chester, Ohio) during its development. The Phase 2 study
(2993LAR-104) was conducted using the | ®® manufacturing scale. The pivotal Phase 3
clinical trial, 2993LAR-105 used product that was manufactured in| @ and | @€ scales.
These products were manufactured at the Alkermes site. The commercial to-be-marketed
formulation will be manufactured at a different site, (Amylin site) at " ®® manufacturing
scale.



Pharmacokinetics

Following a single exenatide once weekly injection in type 2 diabetes patients,
mean plasma exenatide concentrations generally return to pre-injection values
after approximately 10 weeks for all dose groups (2.5 mg, 5.0 mg, 7.0 mg, and
10.0 mg). Overall exposure to exenatide LAR progressively increased with dose
for each of the four treatment groups as determined by the PK parameters.

The multiple-dose pharmacokinetics of exenatide once weekly was evaluated in
Phase 2 Study 2993LAR-104 and subsequently in the long-term Phase 3 Study
2993LAR-105. In the Phase 2 study, two doses (0.8 mg and 2 mg) of exenatide
LAR were evaluated. Dose-dependent increases in mean plasma exenatide were
observed following the two doses. From Week 7 through the remainder of the
treatment period, mean plasma exenatide concentrations remained relatively
constant for both LAR groups, indicating that steady-state concentrations are
achieved in approximately 7 weeks. At Week 14-15, mean (SD) plasma exenatide
steady-state concentrations for the 0.8 mg and 2 mg exenatide LAR groups were
117.86 (59.05) pg/mL and 288.8 (134.02) pg/mL, respectively. Similar steady-
state concentrations were achieved in the Phase 3 study.

Based on the population PK analysis, the estimated variability of predicted
steady-state exenatide concentration for inter- and intra-subject variability was
44.2 % CV and 54.8% (residual variability %CV), respectively.

Baseline creatinine clearance (CrCL) was determined to be the most significant
predictor of steady-state concentration of exenatide following once weekly dosing
based on population PK analysis. There was a 53% increase in the observed
average steady-state concentrations in the moderate renal impaired patients (CrCL
= 30-50 mL/min) and 24% in the mild renal impaired patients (CrCL=50-80
ml/min) as compared to patients with normal creatinine clearance.

Based on the results of the population PK analysis, sponsor’s proposal of no dose
adjustment based on age, gender, race and body weight is justified. These
covariates do not affect exenatide pharmacokinetics in a clinically meaningful
manner.

Exposure (Dose)-Response Relationship

The exposure-response relationship for effectiveness is evidenced in studies LAR-
104 (dose ranging study) and LAR-105 (pivotal efficacy trial). An inhibitory Epax
model adequately described the relationship between observed HbAlc and
exenatide average steady-state concentrations. Based on this, there is a
concentration-dependent decrease in HbA lc from baseline with maximal response
at exenatide concentrations greater than 200 pg/mL. There was some overlap of
exenatide concentrations following the 0.8 mg and 2 mg dose. However, the
median concentrations achieved following 0.8 mg was about 60 pg/mL which is
less than the ECsy value (83.5 pg/mL) indicating sub-optimal exposures are
achieved following 0.8 mg exenatide LAR dose whereas the majority of patients
receiving 2 mg exenatide LAR dose had exposures above ECsy (median ~290
pg/mL).



e The data are insufficient to determine the effect of immunogenicity. There was a
considerable interference with the ability to quantify exenatide in samples with
higher titer antibodies. The sponsor excluded data from patients having high
antibody titers (sponsor defined this as = 625). The antibody titer was
determined to be statistically significant predictor of the variability in the Epax
parameter. The steady-state concentrations associated with negative antibody
titers completely overlap with those concentrations observed for titers of 25 and
125 and it 1s likely that the antibody titer effect is not clinically significant
however there are limitations to this analysis.

e The population PK analysis demonstrated a 36% higher mean exenatide plasma

steady-state concentration at the| % manufacturing scale as compared to the %
scale. The exposure resulting from the

@@ manufacturing scale product was
32% less as compared to the | ®® manufacturing scale product and did not meet

the BE criteria for AUC (refer bioequivalence below).

e Although higher concentrations were achieved from the scale, the majority
of the steady-state concentration distribution for the | ®® manufacturing scale is
encompassed within the range of the | ®® manufacturing scale. Also, the
concentrations are in the proximity of the maximal HbAlc response indicating
that the 36% difference may not be lead to differences in efficacy.

(b) (4)

Bioequivalence

The to-be-marketed formulation will be manufactured in a different manufacturing site
(Amylin) and at a different manufacturing scale (2% as compared to the clinical
investigational formulation (manufactured at Alkermes at | © scale). The comparability
of the proposed commercial drug product and the product that was used in the clinical
trials was done during the open-label extension of the study-105. The comparability
between the two formulations was assessed via efficacy (glycemic markers, HbAlc and
fasting plasma glucose), pharmacokinetic (AUCss, AUCO0-168h, Css) and safety
endpoints. The primary analysis for this comparison of clinical efficacy was a non-
inferiority assessment of the change mm HbAlc at Week 18 of the comparability
assessment for the evaluable population, using a predefined margin of 0.4%.

e The exposure from the commercial site product was 25-32% lower as compared
to that of the clinical product. The geometric least square (LS) mean ratio (90%
CI) (Amylin-/Alkermes-manufactured) for AUCO0-168h and AUCss was 0.68 (59-
78%) and 0.75 (66-86%), respectively. The Css also decreased by 25% for the
commercial product as compared to that of the Alkermes product. The
bioequivalence between the two products thus has not been established.

e The magnitude and pattern of the change in plasma exenatide concentration
immediately following an exenatide once weekly injection (over 168 h) were
similar between the Amylin-manufactured and Alkermes-manufactured drug
product.

e When the efficacy was compared at Week 18, a non-inferiority between
treatments was demonstrated based on the upper limit of the 95% CI of the



difference between the treatment groups (0.34%) being below the predefined
0.4% margin. In both treatment groups, the HbAlc increased over the course of
the comparability period which is expected over the long duration of clinical trial
due to the natural progression of the disease.

e In spite of the mean steady-state concentration differences between the two
products, the range of concentration (Css) values for Amylin manufactured
product was within the range of concentration values observed with Alkermes
product. In addition, the HbAlc values and fasting plasma glucose concentration
demonstrated substantial overlap, indicating the ranges of exposure and response
are similar between the 2 treatment groups.

e In conclusion, although bioequivalence has not been established, the
comparability of the two products is established based on the following:

o The concentrations range resulting from the two products are similar and
greater than the ECs (~83 pg/mL).

o The differences in the exposure resulting from different manufacturing
scale are in the maximal response region of the exposure-response
relationship for exenatide LAR (~200 pg/mL).

Renal Impairment

As determined in the population PK analysis, baseline creatinine clearance (CrCL) was
determined to be the most significant predictor of steady-state concentration of exenatide
following once weekly dosing. There was a 53% increase in the observed average steady-
state concentrations in the moderate renal impaired patients (CrCL = 30-50 mL/min) and
24% in the mild renal impaired patients (CrCL=50-80 ml/min) as compared to patients
with normal creatinine clearance. The median CrCL in the 10 patients in the pivotal
phase 3 trial with moderate renal impairment was 44 mL/min (range = 31.8 — 49.7
mL/min). The maximal model predicted increase in steady-state concentrations for
patients approaching CrCL of 30 mL/min (severe renal impairment) is 2-fold. No major
adverse events were observed in any patients including the renal impaired patients in the
Phase 3 trial (study-105). No dose adjustment is proposed for mild and moderate renal
impairment. It is contraindicated in severe and end stage renal impairment. Since there
were only 10 patients with moderate renal impairment in the pivotal Phase 3 trial and the
possibility of increased exposure (up to 2 fold when approaching CrCL of 30 mL/min),
the reviewer is recommending caution when initiating Bydureon in patients with
moderate renal impairment.

Drug-Drug Interactions (DDI)

e The effect of exenatide LAR on the rate of gastric emptying was assessed by
measuring acetaminophen absorption in study LAR-105. Exenatide has the
potential to alter the absorption of concomitantly administered oral drugs due to
its pharmacological effect of delay of gastric emptying as indicated in Byetta
labeling. Assessment of the exenatide effects occurred at Week 14, when steady-



state concentrations of exenatide had been achieved with exenatide once weekly
treatment. This was compared to the effect of Byetta administered BID. Exenatide
as expected does reduce the absorption as seen from a 21% decrease in
acetaminophen Cmax with Byetta (under fed conditions). The magnitude of the
decrease in acetaminophen Cmax was less with the extended release formulation,
16% and 5% under fasting and fed conditions, respectively. On the other hand,
Byetta had similar effect on the AUC of acetaminophen, with a 20% decrease,
while acetaminophen AUC was not altered by exenatide LAR. Additional DDI
studies were not conducted by the sponsor. Although there is no effect on the
AUC of acetaminophen, there is a decrease in the Cmax following Bydureon
especially under fasting conditions. Therefore, similar language regarding DDI
should be used as in Byetta.

2 Question Based Review

2.1 General Attributes of the Drug

2.1.1 What pertinent regulatory background or history contributes to the current
assessment of the clinical pharmacology and biopharmaceutics of this drug?
Bydureon contains the same active ingredient, exenatide as the commercial product,
Byetta (NDA 21-773). Since Bydureon and Byetta have the same active ingredient and
the current NDA is proposing the same indication as Byetta, this application references
the safety and efficacy information in the Byetta NDA. Studies such as renal impairment,
hepatic impairment, and DDI clinical pharmacology studies for exenatide once weekly
were not conducted and relevant aspects of Byetta application are being used to support
this NDA. In early communications with the Agency, the sponsor had proposed a
biowaiver based on an in vitro-in vivo correlation (IVIVC) strategy to support a
commercial manufacturing site change. FDA did not grant the biowaiver based on this
IVIVC approach. Amylin then proposed to compare the investigational (Alkermes) and
commercial (Amylin) drug product during an 18-week assessment period in the open-
label extension of Study 2993LAR-105, with HbAlc response as the primary non-
inferiority comparison between the Amylin material and the Alkermes material.
Comparability was assessed using glycemic, pharmacokinetic, and safety endpoints.

2.1.2 What are the highlights of the properties of the drug or the formulation as they
relate to clinical pharmacology review?

Exenatide is a 39-amino acid peptide manufactured by

The exenatide once weekly formulation consists of
exenatide ) and sucrose ) encapsulated within biodegradable poly-(D,L-lactide-
co-glycolide) (PLG) microspheres that are designed to release exenatide over an extended
period of time. The exenatide once weekly drug product kit consists of microsphere powder
in a | @ vial, diluent in a | ®® syringe. injection needles, and a vial connector. The
exenatide once weekly dose is prepared by mixing one vial of microspheres with one syringe
of diluent. The resulting suspension is administered by subcutaneous injection using the

(b) (4)

(b) (4) (b) (4)



diluent syringe. Two milligrams of exenatide from each single-dose kit are to be administered
subcutaneously once per week. The amino acid sequence is as follows:

1His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-Gln-Met-Glu-Glu-Glu-Ala-Val-
Arg-Leu-Phe-Ile-Glu-Trp-Leu-Lys-Asn-Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-
Ser39-NH2

Exenatide LAR has been manufactured a- different scales
from two different manufacturing sites (Alkermes, Inc. in Wilmington, Ohio and Amylin
Ohio, LLC in West Chester, Ohio). The Phase 2 study (2993LAR-104) was conducted

using the manufacturing scale. The commercial to-be-marketed formulation will be
manufactured at the Amylin site at - manufacturing scale. The pivotal Phase 3
clinical trial, 2993LAR-105 used the product that was manufactured in and

scales (Table 1). The comparability of the proposed commercial drug product and the
product that was used in the clinical trials was evaluated during the open-label extension
of the study-105. The comparability between the two formulations was assessed via
glycemic, pharmacokinetic, and safety endpoints.

Table 1: Exenatide once weekly drug substance, drug product and diluent overview

Climical Trial Material
2003LAR-104 2903L AR-105 (Phase 3, Multi-Dose)
. (Phase 2, Open-Ended ) .
o Clinical Study Maulti-Dose) Cohort 1[1] Cobort 2 [2] Assessment [3] Primary Stability | Intended Commercial
Drug Substance
Mallinckrodt Lonza/Mallinckrodt Lonza/
| 0T =

qs = quantity sufficient; WEI = water for injection.

[1] Cokort 1 clinical mial material from April 2006 through Apnl 2007.

) Cm2dmunmlmumlbemmgl~‘ebtmxyloo7 Tbe3-m1.mlndlSﬂLmﬂkﬂs}mdeth’OﬁmﬂWWF@nﬂm
(3] Mmmlmodudm 008 ‘

[4] Fanm

Cross-References: Section 2.3 S, Drug Substance (Exenande. ALl Manufacrurers). Section 2.3 P, Drug Product (Exenatide for Injectable Suspension) (Amyln). and
Sxﬂmsz.PM.l.FolmmimDemlm(Dihmlnjecﬁm)i

2.1.3  What are the proposed mechanism(s) of action and therapeutic indication(s)?

The mechanisms of action of exenatide have been characterized in nonclinical and
clinical development programs for Byetta. Exenatide is the first drug to be approved
belonging to the class of agents known as incretin mimetic. The amino acid sequence of
exenatide partially overlaps that of human glucagon-like peptide-1 (GLP-1). Exenatide
has been shown to bind and activate the characterized human GLP-1 receptor in vitro,
leading to an increase in both glucose-dependent synthesis and secretion of insulin from
pancreatic beta cells. Endogenous incretins, such as GLP-1, improve glycemic control



through multiple mechanisms of action, including enhancement of insulin secretion,
following their release into circulation from the gut in response to food intake.

In clinical studies, exenatide has been shown to improve glycemic control by reducing
fasting and postprandial plasma glucose concentrations through multiple mechanisms of
action, including enhancement of glucose-dependent insulin secretion, enhancement of
first-and second-phase insulin secretion, suppression of inappropriately elevated glucagon
secretion in a glucose-dependent manner, and slowing the rate of gastric emptying to
produce slower absorption of meal-derived glucose. These mechanisms work in concert
to reduce glucose concentrations by modulating both glucose appearance into the
circulation (slowing of gastric emptying and suppression of glucagon secretion) and
glucose disposal (glucose-dependent insulin effects), leading to improvements in
glycemic control and reductions in body weight.

Bydureon is proposed as an adjunct to diet and exercise to improve glycemic control in
adults with type 2 diabetes mellitus.

2.1.4 What are the proposed dosage and route of administration?

The proposed dose for Bydureon is 2 mg to be administered once weekly by
subcutaneous injection. The dose can be administered at any time of day, with or without
meals. The sponsor has indicated that a reduction in the dose of concomitant sulfonylurea
may be considered to mitigate the risk of hypoglycemia.

2.2  General Clinical Pharmacology

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

An overview of the study design features and subject populations is presented in Table 2.

Various formulations were evaluated in early Phase 1 trials. The formulation that was

selected for development was called F17 formulation. The pivotal studies listed in the

following table were conducted with the F17 formulation.



Table 2: Studies providing clinical phar macology data regar ding exenatide once
weekly F17 formulation

Subjects
Exenatide

Study Identifier Exenatide Once Weeldy Study Once Weeldy
Smdy Diesizn Dosing/Duration Population  Enrolled Treated [1]
10ILAR-102 ing ijecaon: Healthry 21 10
Phaza 2, randomized, I5mg subjects
open-lzbel S-week observaton pertod
10PILAR-103 Single SC injectnon: Twpe 2 68 47
Phass 2, randomized, 25,57, 0r 10 mg dizbates
zingle-blind [2], 12-waek observanon period
placebo-contralled
1I0ILAR-104 Weekly SC injections: Twpe 2 47 il
Phase 2, randomized, 0.8 mgor 2 mg dizbetes
double-blind, 1 5-waek meannent period and
placebo-controlled 12-waek follow-up peried
10ILAR-105 Weekly SC injections: Tvpe 2 303 273 [4]
Fhase 3, randomuzed, Img dizbetes
open-label, 30-week meannent period and
comparater-conmollad [3] open-ended weanuent period
ECE-107 Single SC injecton: Healthry 120 1]
Phase 1, open-label Sorl0me subjects

101 day ebiarvation period

5C = subcutaneous.

[11 Subjects wrearsd with the F17 formalation of exeratida once waekly

[2] The clinscal study repont dasignated Stady 20930 AR-103 as double blind. In this deooment, this extent of study
blinding 15 referred to as single blind (Le., the subjects, investizator, and study-site personne] were blindsd [except
stady-site staff dispensing study medication]).

[3] Comparator was EYETTA 5 mecg BID for 4 weeks followed by BYETTA 10 mcg BID for 26 waaks.

[4] Includes subjects exposed o exeatide once weekly during the 30-week assessment pariod and'or the eper-snded
assessmant peried.

As shown, the exenatide once weekly F17 formulation was evaluated in subjects with
type 2 diabetes in two single-dose studies (2993LAR-101 and 2993L.AR-103), a multiple-
dose, placebo-controlled study (2993LAR-104), and a long-term comparator-controlled
study (2993LAR-105).

2.2.2 What isthe basis for selecting the response endpoints, i.e., clinical or surrogate
endpoints, or biomarkers (collectively called pharmacodynamics, PD) and how
are they measured in clinical pharmacology and clinical studies?

The American Diabetes Association (ADA) recommends the use of hemoglobin Alc

(HbAlc) levels as an indicator of glycemic control. The sponsor has used the change

from baseline in HbAlc at the end of double-blind treatment as the primary efficacy

variable in all key efficacy studies.

2.2.3 Aretheactive moietiesin the plasma (or other biological fluid) appropriately
identified and measured to assess pharmacokinetic parameters and exposure
response relationships?

Yes. Please refer to the Analytical section for details.

2.2.4 Isthere evidence of exposure-response relationship for effectiveness to support
the proposed 2 mg dose?

Yes, the exposure-response relationship for effectiveness is evidenced in studies LAR-

104 (dose ranging study) and LAR-105 (pivotal efficacy trial) and shown in Figure 1. An



inhibitory Em.x model adequately described the relationship between observed HbAlc
and exenatide average steady-state concentrations. As shown in Figure 1, there is a
concentration-dependent decrease in HbAlc from baseline with maximal response at
exenatide concentrations greater than 200 pg/mL. There was some overlap of exenatide
concentrations following the 0.8 mg and 2 mg dose. However, the median concentrations
achieved following 0.8 mg was about 60 pg/mL which is less than the ECsy value (83.5
pg/mL) indicating sub-optimal exposures are achieved following 0.8 mg exenatide LAR
dose whereas the majority of patients receiving 2 mg exenatide LAR dose had exposures
above ECsy (Median ~290 pg/mL).

Mean HbAlc versus Median Exenatide
Concentration by Quartiles

9 -
¢ Exposure-Response-All Data
8.5 4 l EC50
m  Placebo
8 - 10%-90% Conc. Range - 0.8 mg
;\3 — - 10%-90% Conc. Range - 2.0 mg
< 75 -
g I
5 7
I
6.5 I i I
6 4 b i
e — s — s — e — e — - — - — - —
55 T T T T 1
0 150 300 450 600 750

Exenatide Concentration (pg/mL)

Figure 1. The 2 mg dose produces exposure related to maximal response. Mean
HbAlc (= SEM) for each quartile of average steady-state concentrations of patients
treated with exenatide LAR. The placebo and treated responses are shown in black and
red. The 10" - 90™ percentile of the concentration range following 0.8 mg (blue) and 2
mg (pink) dose in each quartile is shown by the horizontal line at the bottom of the graph.
ECso (83.5 pg/mL) is shown as the vertical line in the graph.

Efficacy results from Phase 2 and Phase 3:

HbA 1c values over time by treatment from the Phase 2 study LAR -104 are presented in
Figure 2. For both doses of exenatide once weekly groups, dose-dependent decreases in
HbA 1c were evident as early as the first assessment after initiating once weekly treatment
(Week 3) and continued until the end of the treatment period (Week 15). At Week 15, the
least squares (LS) mean change in HbAlc from baseline was -1.4% and -1.7% for the

10



0.8-mg and 2-mg exenatide once weekly groups, respectively; the placebo once weekly
group had an LS mean increase in HbAlc of 0.3%.

According to the sponsor, at Week 30 from the Phase 3 study LAR-105, the LS mean
change in HbAlc from baseline in the exenatide once weekly group was -1.9%, a
statistically significantly greater decrease than the -1.5% change observed in the Byetta
group (p = 0.0023) (Figure 3). In both the exenatide once weekly and Byetta groups,
decreases in HbAlc were evident as early as Week 6, the first post-treatment HbAlc
measurement. Sponsor stated that significant differences between the treatment groups
were observed from Week 10 through Week 30.

Last Injection

g ] rovonap s
10.0

# Placebo Once Weekly (N = 14)
g5 & Exenatide Once Weekly 0.8 mg [N = 16}
) # Exenatide Once Weekly 2 mg (N=13)

- 8.0
£
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£ 8.5
z
@ 8.0 *
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3 ] @ 12 15 27
Time (weeks)

Figure 2: Mean (SE) HbA1c values by time and treatment (Study 2993LAR104;
Intent-to-Treat Population [N = 45]). (Sponsor’s analysis)

0.0+ @ Exenatide Once Weekly 2 mg (N = 148)
_ m BYETTA 10 mecg BID (M = 147)
£
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Figure 3: LSMean (SE) changein HbA1c from baselineto Week 30 by treatment
(Study 2993LAR-105; Intent-to-Treat Population [N = 295]). (Sponsor’s analysis)
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2.2.5 Does anti-exenatide antibody titer affect the PK and PD of exenatide?

The data are insufficient to determine the effect of immunogenicity. There was a
considerable interference with the ability to quantify exenatide in samples with higher
titer antibodies. The sponsor excluded data from patients having high antibody titers
(sponsor defined this as = 625). The antibody titer was not considered as a covariate in
the population PK analysis due to this reason; however, it was used as a covariate in the
PK-PD analysis. The antibody titer was determined to be statistically significant predictor
of the variability in the E,.x parameter. As shown in Figure 4, there appears to be a slight
difference in magnitude of the reduction of HbAlc with increasing titer at a given
exenatide concentration. The steady-state concentrations associated with negative
antibody titers completely overlap with those concentrations observed for titers of 25 and
125. The median concentration obtained following different titer values are well above
the ECsp and in proximity to the maximal response. It is likely that the antibody titer
effect 1s not clinically significant however there are limitations to this analysis.

Mean HbA1c versus Median Exenatide Concentration
by Quartiles: Effect of Anti-Exenatide Antibody Titer
7.5 1 ~=—Titer 0
Titer 25
7.3 - == Titer 125
=== Interquartile Concentration Range - Titer 0
7.1 1 Interquartile Concentration Range - Titer 25
= nterquartile Concentration Range - Titer 125
. 6.9 -
X 67 -
S 654
<
Q 6.3
I
6.1 {H—++ |
5.9 -
57 41—+ } :
5.5 ] L} L} L}
0 500 1000 1500 2000
Exenatide Concentration (pg/mL)

Figure 4: Trend of decreasing response with increasing anti-exenatide antibody.
Mean HbAlc (= SEM) for each quartile of average steady-state concentrations of patients
treated with exenatide LAR having either no antibody titer (Titer 0) or having different
levels of antibody (Titer 25 and Titer 125) are shown in pink, blue and black,
respectively. The concentration range following each Titer (0, 25, and 125) is shown by
the horizontal lines at the bottom of the graph. ECsp (83.5 pg/mL) is shown as the vertical
line in the graph.
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2.2.6 Does the manufacturing scale affect the PK and PD of exenatide?

The population PK analysis demonstrated a 36% higher mean exenatide plasma steady-
state concentration at the| ®® manufacturing scale as compared to that of the| ®% scale.
On the other hand, the median concentration resulting from the product manufactured
using these two scales are similar as shown in Figure 5 and 60% of the observed
concentrations are similar between the two scales.

The to-be-marketed exenatide LAR product will be manufactured at a different
manufacturing site as compared to the product used in the clinical study at a
manufacturing scale of | ®%® and | ®® The commercial manufacturing site produced
exenatide LAR manufactured at a larger manufacturing scale (" The product
produced at this site was compared to the product manufactured at the | % scale in the
LAR105-comparability study. The exposure from the commercial site exenatide LAR
product was about 32% lower than the exposure resulting from the exenatide LAR
manufactured at| @® scale. Please see section 2.5 for details on the comparability study.
It 1s evident that there is huge variability in the observed concentrations with exenatide
LAR product. Based on the exposure differences among the O scale,
it can be speculated that the concentration resulting from the commercial site product
manufactured at| % scale will fall somewhere in between the two lines in the Figure 5
below and the differences between the manufacturing scale product (@ vs.| ®® may
not be clinically relevant.

(b) L
i

—
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o
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1
T

0 20 40 60 80 100
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Figure 5: Quantiles of observed steady-state exenatide concentrations following
administration of 2 mg dose manufactured in O® and @ scale.
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Figure 6 shows the mean HbAlc of patients versus the steady state exenatide
concentrations from the two manufacturing scale. Although higher concentrations were
achieved from the | ®® scale, the majority of the steady-state concentration distribution
for the | ®® manufacturing scale is encompassed within the range of the | @®
manufacturing scale. Also the concentrations are in the proximity of the maximal
response indicating that the 36% difference may not be clinically significant.

Mean HbAlc versus Median Exenatide
Concentration by Quartiles: Effect of Scale
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Figure 6: Mean HbA1c versus manufacturing scale. Mean HbAlc (+ SEM) for each
quartile of average steady-state concentrations of patients treated with exenatide LAR
manufactured in | ®@ and | @@ scale are shown in blue and red, respectively. The
concentration range resulting from the two manufacturing scale is shown by the
horizontal lines at the bottom of the graph. ECsy (83.5 pg/mL) is shown as the vertical
line in the graph.

2.2.6 Doesthisdrug prolong the QT or QTc interval?

Exenatide is a peptide and is therefore unlikely to cross cell membrane and interact with
ion channels. The cardiovascular safety of exenatide LAR including an evaluation of QT
interval was assessed in study LAR-105. Although this was not a thorough QT study, the
sponsor has indicated that the statistical analyses followed Agency guidance. According
to the CDER QT review team, there were no apparent QT-prolonging effects of exenatide
when administered as the extended release or immediate release formulations. However,
they state that they cannot rule out small increases in the QTc interval (<10 ms) because a

14



dedicated TQT study with positive and placebo controls was not conducted. The QT-IRT
conclusions were based on the following data:

e In study 2993LAR-105, replicate 12-lead ECGs were obtained at baseline, at
Week 14, once steady-state plasma concentrations were achieved, and at Week
30. No individual subject post-baseline QTcF measurements >450 ms. The mean
change from baseline QTcF was < Sms.

e In a meta-analysis of studies 2993-112, 2993-113 and 2993-115, there were no
apparent QTc-prolonging effects of exenatide immediate release. No subjects had
change from baseline >60 ms. The mean change from baseline QTcF at week 30
on treatment were similar to placebo. There was no apparent relationship between
exenatide concentrations and change in QTcF intervals (Figure 7).

Change in QTcF (msec)

E 2 & 8

T T T T T T T 1
0 250 500 750 1000 1250 1500 1750 2000

Plasma Exenatide (pg/mL)

Figure 7: Scatterplot for change in QTcF interval from baseline (msec) and plasma
exenatide concentration (pg/mL) at Week 14 and Week 30, or early termination
prior to Week 30 (intent-to-treat subjects receiving exenatide once weekly in the 30-
week assessment period [N = 148]). Please see clinical review for details on CV safety
and QT-IRT review.

Source ECG summary from LAR-105study report

2.2.7 What are the single dose PK parameters of exenatide once weekly formulation?
The single-dose pharmacokinetic and pharmacodynamic properties of exenatide once
weekly were evaluated in Study 2993LAR-103 over a dose range of 2.5 mg to 10 mg and
in Study BCB107 at a dose of 10 mg. Mean plasma exenatide concentration-time curves
for single exenatide once weekly doses in Study 2993LAR-103 are shown in Figure 8.
The inset shows mean plasma exenatide concentration-time curves for the first 24 hours
after the single exenatide once weekly injection.

The concentration-time profile following administration of a single dose of exenatide
once weekly is multi-phasic. The concentration-time curve is characterized by an initial
rise in the plasma exenatide concentration during the first few hours after injection, which
occurs when the microspheres come into contact with aqueous medium and any loosely-
bound surface drug is readily dissolved into the medium. This is characterized by

15



assessing the Cmax on Day 1 of administration. Following this initial exenatide release,
microspheres continue to hydrate and undergo a steady decrease in polymer molecular
weight and when the polymer molecular weight decreases below a threshold level,
exenatide is released in an extended fashion. Release during this period is facilitated by a
combination of drug diffusion through the highly-degraded matrix and direct drug
exposure to the subcutaneous space as a result of microsphere erosion as evidenced by in
vitro release studies.

® Exenatide Once Weekly 2.5 mg (N = 11}
¥ Exenatide Once Weekly 5mp [N =9)
A Exenatide Once Weekly 7 mg (N = 11)
# Exenatide Once Weekly 10 mg (N = 10)

200

Time (weeks)
Figure 8: Mean exenatide concentration over time following a single dose of
exenatide once weekly in subjects with type 2 diabetes wher e the inset shows plasma
exenatide concentrationsfor thefirst 24 hours after the single exenatide once weekly
injection (study 2993L AR-103; evaluable population [n = 41])

Following a single exenatide once weekly injection, mean plasma exenatide
concentrations generally return to pre-injection values after approximately 10 weeks for
all dose groups.

The Table 3 presents the single-dose plasma exenatide pharmacokinetic parameters for
the 2.5-mg dose of exenatide once weekly. These data indicate that for this formulation,
the AUC over the first 48 hours represents a small fraction of the total exposure from a
single dose (approximately 1% on an exposure basis). The Cmax of the initial release
(34.2 pg/mL) was less than the mean Cmax following 10 pug Byetta (211 pg/mL).
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Table 3: Plasma exenatide PK parametersfollowing administration of a single dose
of exenatide once weekly 2.5 mg (N=11)

Parameter Exenatide Once Weeldy 2.5 mg
Sramstc N=11[1]
Oh-—48h 0 h — Stady Termination
AUC (pg-h/mL)
Mean (53I) 400 (126.2) 43 777 (21,068.8)
%W [2] 4535 48,13
Oh-48h 45 h - Study Termination
Coas (pg/mL)
Mean (5D 34.2(15.07) T5.1{H.1T)
W 52.87 58.82
Tos (1)
Median (Mininnun, Maximo) 1.0{0.0, 800 1175.9 (B40.0, 146300
W [2] 107.20 18.94

ATIC = area undar the fime-concenmranon curve; . = maxinmm concentranon; OV = coefficient of vadation;
b= hour; S0 = standard devianon; T = Qe 10 MAXINNM Concenmaion.

[1] Subjects 04409 and 04213 were excludad doe to hizh baseline exanatide concenmations

[2] %eCW =100 * 3D / Mean of 3

2.2.8 What are the multiple dose PK parameters of exenatide once weekly formulation?
The multiple-dose pharmacokinetics of exenatide once weekly was evaluated in the
Phase 2 Study 2993LAR-104 and subsequently in the long-term Phase 3 Study
2993LAR-105 with a larger and more diverse population.

Following the first exenatide LAR injection (Day 1), maximum plasma exenatide
concentrations were observed at 2.9 hours (20.2 pg/mL) for the exenatide LAR 0.8 mg
group and at 4.1 hours (61.9 pg/mL) for the exenatide LAR 2 mg group. Twelve hours
following the injection, mean plasma exenatide concentrations decreased to 8.1 pg/mL
and 29.0 pg/mL for the 0.8 mg and 2 mg exenatide LAR groups, respectively. Between
Week 1 and Week 7, dose-dependent increases in mean plasma exenatide were observed.
From Week 7 through the remainder of the treatment period, mean plasma exenatide
concentrations remained relatively constant for both LAR groups, indicating that steady-
state concentrations are achieved in approximately 7 weeks. At Week 14-15, average
(SD) plasma exenatide steady-state concentrations for the 0.8 mg and 2 mg exenatide
LAR groups were 117.86 (59.05) pg/mL and 288.8 (134.02) pg/mL, respectively.
Thereafter, plasma exenatide concentrations gradually declined throughout the 12-week
follow-up period (Figure 9).
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Figure9: Mean (SD) Plasma Exenatide Concentrations by Time and Treatment
(Study 2993L AR-104; Evaluable Population [N = 31])

Table 4 shows descriptive statistics for pharmacokinetic parameters by sampling period
and treatment for the subset of the Evaluable Population (N=27). From Weeks 14 to 15,
mean (SD) AUC, Cave, and Cmax/Cmin appeared dose-proportional. Similarly, during the
treatment period (Week 1 to 15), mean Cmax appeared dose-proportional. Mean Tmax was
similar between the groups.

Table 4: PK parameters by sampling period and treatment (N=27)

Sampling Period Exenatide LAR
Parameter 0.8 mg lmg
Statiztics N =15 (N=11I)
Weeelr 14 to Weel: 15
AUC (pgThr/mL)
Mean (SD) 21280958 (13637327)  33337.24 (30908.778)
Geometric Maan (3E) [1] 1EBO7.54 (3254264 43034 34 (9180.586)
CV 2] G856 85
Min, Max 34192 694049 B9E3.3, 122808.1
Coe (pg/mL)

Mlean (SDV)
Geomemmic Mean (3E) [1]
CV[2]
Min, Max
Conan' Cotin
Bean (5D
Median
Miin Max

Weel 1 to Weel: 15

Cous (p2/mL)
Mean (SO
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The steady-state concentrations were also obtained form the Phase 3 trial (LAR-105).
Figure 10 shows the mean plasma Exenatide concentrations immediately after dosing on
Day 1 and from Week 29 through Week 30. The concentration achieved following the
first injection was relatively low compared to the steady-state concentrations. The
average steady-state concentrations (Css ave) were similar to that seen in the Phase 2 study.
At week 30, the average steady-state concentrations were 300 pg/mL [10™ 90™ percentile
145, 702 pg/mL].
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Figure 10: Plasma concentration over time on Day 1 (initial administration) as
compar ed to steady-state.

2.2.9 What arethe characteristics of drug distribution, metabolism and excretion?
Exenatide once weekly formulation provides extended release of exenatide from the
injection site into systemic circulation which is slower than the immediate release
formulation (Byetta). However, once absorbed into the systemic circulation, the
previously established post-absorptive properties of Byetta can be applied to the once-
weekly formulation. Please refer to the Clinical Pharmacology review for NDA 21-773
for details.

The mean apparent volume of distribution of exenatide following administration of a
single 10 pug dose of Byetta is 28.3 L and the mean apparent clearance of exenatide in
humans is 9.1 L/h. Nonclinical studies have shown that exenatide is predominantly
eliminated by glomerular filtration with subsequent proteolytic degradation.

2.2.10 What isthe inter- and intra-subject variability of PK parametersin volunteers
and patients, and what are the major causes of variability?

Based on the population PK analysis, the estimated variability of predicted steady-state

exenatide concentration for inter- and intra-subject variability estimates was 44.2 % CV

and 54.8% (residual variability %CV), respectively.
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2.3 Intrinsic Factors

2.3.6 What intrinsic factors (e.g., age, gender, race, weight, height, disease, genetic
polymorphism, pregnancy, and organ dysfunction) influence exposure (PK
usually) and/or response, and what is the impact of any differencesin exposure on
efficacy or safety responses?

e Age, gender and race

For exenatide once weekly, age, gender, and race were not determined to be significant
covariates of steady-state concentrations in the population pharmacokinetic model (Also
refer Eta-covariate plot (Figure 8) in pharmacometric review). Figure 11 presents
observed Css ave following administration of exenatide once weekly 2 mg stratified by
gender, age, and race. As it can be seen, the majority of the patients included in the
population PK analysis was Caucasian (N=135) and very few subjects were from other
races. The data indicate that plasma exenatide steady-state concentrations stratified by
these different covariates show considerable overlap. Therefore, as with Byetta, there is
no need for dosage adjustments to exenatide once weekly based on gender, age, or race.

(a) No effect of gender on exenatide | (b) No effect of age on exenatide
steady-state concentration (pg/mL) (0= | steady-state concentration (pg/mL)
Male and 1= Female) (Dark squares= 0.8 mg and open
circles= 2 mg)

- ® @
1500 - r 1500
1000 - o r 1000
& : &
500 r 500
. ey wen .

20 30 40 50 60 70 80

Gender Age (years)

(c) No effect of race on exenatide steady-
state concentration (pg/mL)
(1=Caucasian, 2=Black, 3=Asian,
4=Native American, 5=Hispanic and 6=
Other)
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Figure 11: Exenatide steady-state concentration ver sus gender, age and race

e Renal Impairment
Since exenatide is eliminated primarily by renal route, renal impairment is expected to
influence the exenatide PK. No specific PK study was conducted with exenatide LAR in
patients with renal impairment. Information on PK of exenatide LAR in renal impairment
can be obtained from the population PK analysis.

Baseline creatinine clearance (CrCL) was determined to be the most significant predictor
of steady-state concentration of exenatide following once weekly dosing. As shown in
Figure 12, there was a 53% increase in the observed average steady-state concentrations
in the moderate renal impaired patients (CrCL = 30-50 mL/min) and 24% in the mild
renal impaired patients (CrCL=50-80 ml/min) as compared to patients with normal
creatinine clearance. The median CrCL in the 10 patients in the pivotal phase 3 trial with
moderate renal impairment was 44 mL/min (range = 31.8 — 49.7 mL/min). The maximal
model predicted increase in steady-state concentrations for patients approaching CrCL of
30 mL/min (severe renal impairment) is 2-fold.
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Figure 12: Significant increase in exenatide steady-state concentrations in patients
with renal impairment: The closed symbols show the mean (SEM) steady-state
concentrations following 2 mg exenatide LAR and the red line is the predicted steady-
state concentration

The effect of renal impairment was studied in Byetta clinical program and submitted
under NDA 21-773. No dose adjustment is recommended in mild and moderate renal
impairment, while exenatide is contraindicated in severe and end stage renal impairment.
Similar dosing recommendations are being proposed for exenatide LAR.

Current Byetta package insert has the following language in Highlight section:

“Renal Impairment: Postmarketing reports, sometimes requiring hemodialysis and kidney
transplantation. BYETTA should not be used in patients with severe renal impairment or
end-stage renal disease and should be used with caution in patients with renal
transplantation. Caution should be applied when initiating BYETTA or escalating the
dose of BYETTA in patients with moderate renal failure.”

The sponsor’s proposed language regarding renal impaired patients similar to Byetta. No
major adverse events were observed in any patients including the renal impaired patients
in the Phase 3 trial (study-105). Since there were only 10 patients with moderate renal
impairment in the pivotal Phase 3 trial and the possibility of increased exposure (up to 2
fold when approaching CrCL of 30 mL/min), the reviewer is recommending caution
when using Bydureon in patients with moderate renal impairment.
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e Hepaticimpairment
No PK study was conducted in patients with hepatic impairment using exenatide LAR.
No dosage adjustment for exenatide once weekly is proposed for subjects with hepatic
impairment.

2.3.7 What pharmacogenetics information is there in the application and is it important
or not?
None

2.3.8 What pregnancy and lactation use information is there in the application?
None

2.3.9 What pediatric use information is there in the application?
None

24 Extrinsic Factors

2.4.1 Aretheredrug-drug interactions with exenatide LAR?

No DDI studies were conducted with exenatide LAR. Please refer to NDA 21-773
(Byetta) Clinical Pharmacology review for details of drug interactions. As shown earlier
in Byetta, exenatide has the potential to alter the absorption of concomitantly
administered oral drugs due to its pharmacological effect of delay of gastric emptying.
The effect of exenatide LAR on the rate of gastric emptying was assessed by measuring
acetaminophen absorption in study LAR-105. The effect was studied during both fasting
and fed states. The PK parameters (AUC, Cmax and Tmax) were compared statistically
between baseline (Day —3) and Week 14 using a two one-sided test procedure.

Subjects received oral acetaminophen (1000 mg tablet) administered with exenatide once
weekly 2 mg in the fed state (N = 26), exenatide once weekly 2 mg in the fasting state (N
= 25), and Byetta 10 ug in the fed state (N = 24). All groups underwent a gastric
emptying assessment at baseline, prior to active drug administration. Assessment of the
exenatide effects occurred at Week 14, when steady-state concentrations of exenatide had
been achieved with exenatide once weekly treatment (geometric mean exenatide
concentrations of 321.5 and 251.2 pg/mL for the fed and fasting cohorts, respectively,
measured 15 minutes prior to acetaminophen administration). The exenatide once weekly
injection was withheld on the day of the gastric-emptying assessment until after the
acetaminophen pharmacokinetic sampling period was complete (over 5 h), while Byetta
was administered 15 minutes prior to the administration of meal.

At Week 14, the geometric mean plasma acetaminophen Cmax values in the groups treated
with exenatide LAR, either as a fed or fasted assessment, were similar and in both cases
were greater than the geometric mean plasma acetaminophen Cmax value with Byetta
treatment (Table 5). Exenatide as expected does reduce the absorption as seen from a
21% decrease in Cmax with Byetta. The magnitude of the decrease was less with the
extended release formulation, 16% and 5% under fasting and fed conditions, respectively.
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Byetta had similar effect on the AUC of acetaminophen, with a 20% decrease, while
acetaminophen AUC was not altered by exenatide LAR.

Table5: Acetaminophen absor ption parameter s wer e not significantly different for
exenatide LAR at baselineand Week 14

Geometric Mean (5E) [1] Ratio of Weel: 14/Baseline [2]
20 CT for
Parameter Geometric Geometric LS
Traamen: Easeline Week 14 L5 Aean Mean
C oy sy (CEML)
Exenztide LAF, Fasting (17 =13) 12.49 (1.01) 10,52 (0.70) 0.54 (072, 0.99)
Exenztde LAF, Fed (W =1248) 11.22 (0.99) 10081 (0.73) 0.05 (0EI, 1.11)
BYETTA, Fed (N=24) 11.67 (0.80) 017 {084 0.79 (066, 0.93)
AUC, 4, (mcg-min'mL}) [3]
Exenande LAFR, Fasting (MM =23) 178525 (128.52) 1731.301 (R6.78) 094 (084, 1103
Exenatide LAF, Fed (N =2§) 172210 (112.61) 165138 (140.88) 0.0 (054, 1.09)
BYETTA, Fed 2 =14) 183054 (95790 1462.40 (157.34) 0.80 (0.70,0.892)

Based on this finding, no additional DDI studies were conducted with the LAR product
and no dosage adjustments of concomitant oral drugs are being proposed by the sponsor.

25  General Biophar maceutics

2.5.1 What isthe relative bioavailability of the proposed to-be-marketed formulation to
the formulation used in pivotal clinical trial?

There was extensive discussion between the Agency and sponsor regarding the
manufacturing site change and requirement of bioequivalence between the to-be-
marketed product and the investigational product. The sponsor tried to establish an
IVIVC in accordance with the guidance for extended release oral dosage form. At the
preNDA meeting the sponsor was conveyed that in case the IVIVC failed, the NDA will
need clinical trial results to support the commercial product. The IVIVC based biowaiver
was not granted by the Agency (letter dated 10/29/08; IND 67,092) since it poorly
predicted Cmax. The sponsor proposed an extension of the Phase 3 trial LAR-105 which
was underway at that time to demonstrate the comparability of two products. The Agency
communicated with the sponsor (letter dated 11/17/08; IND 67,092) that the overall study
extension seemed appropriate and in addition recommended performing PK sampling to
characterize AUC and Cmax. The letter also indicated that if the sponsor was unable to
demonstrate bioequivalence based on AUC, the efficacy results from this extension study
may not be adequate for approval of the product.

The comparability of the proposed commercial drug product manufactured in| @ scale
at Amylin site and the product that was used in the clinical trials manufactured at
Alkermes site was done during the open-label extension of the study LAR-105. The
comparability between the two formulations was assessed via glycemic, pharmacokinetic
and safety endpoints. The primary analysis for this comparison of clinical comparability
was a non-inferiority assessment of the change in HbAlc at Week 18 of the
comparability assessment for the evaluable population, using a predefined margin of
0.4%.
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The overall study design is illustrated in Figure 13. The study design for the clinical
comparability assessment that occurred during the open-ended assessment period of study
105 is shown in Figure 14.
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Figure 13: Overall study design (Study 2993L AR-105)
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Figure 14: Study design of compar ability assessment period (Study 2993L AR-105)

Table 6 presents the sponsor’s statistical comparison of PK parameters (AUCO0-168h,
AUCss and Css) between the two treatments. The exposure from the commercial site
product was 15-23% lower as compared to the clinical product. The geometric LS mean
ratios (90% CI) (Amylin-/Alkermes-manufactured) of AUCO0-168h and AUCss were 0.85
(76-94%) and 0.77 (70-85%), respectively. The Css was also lower by 23% for the
commercial product as compared to the Alkermes product.

Table 6: Statistical comparison of plasma Exenatide PK parameter s between

treatment groups (Sponsor’s analysis)
PK parameter | N Alkermes Amylin Geo | N Ratio | 90%Cl

(ref) | Geo Mean Mean (SE) | (test)

(SE)

AUCO0-168h 75 33420 (1370) | 28277 62 0.85 76-94%
(pg.h/mL) (1281)
AUCss 102 | 32673 (1376) | 25241 94 0.77 70-85%
(pg.h/mL) (1107)
Css (pg/mL) | 102 | 194 (8) 150 (7) 94  10.77 | 70-85%

Table 7 shows the results from the reviewer’s analysis. As shown, the results were
different as compared to the sponsor’s especially for AUCO-168h (32% lower vs. 15%
lower in sponsor’s results). Overall, there was 25-32% lower AUC of the Amylin product
as compared to that of Alkermes product.

25



Table 7: Statistical comparison of plasma Exenatide PK parameter s between
treatment groups (Reviewer’s analysis)

PK N Alkermes Amylin Geo | N Ratio 90%ClI

par ameter (ref) | Geo Mean Mean (test)

AUCO0-168h 80 | 36565.92 24788.57 62 0.68 58.72-

(pg.h/mL) 78.26%

Css (pg/mL) 105 | 195.87 147.07 95 0.75 65.89-
85.57%

The sponsor also characterized the initial release following an injection from both
formulations. For this, the sponsor calculated incremental plasma concentrations by
subtracting the pre-dose (-15 minutes) plasma exenatide concentration at Week 20 from
subsequent concentration values through 168 hours. The magnitude and pattern of the
change in plasma exenatide concentration immediately following an exenatide once
weekly injection were similar between the Amylin-manufactured and Alkermes-
manufactured drug product (Figure 15).
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Figure 15: Median incremental plasma Exenatide concentration over time
immediately following theinjection at Week 20.

The efficacy was compared at Week 18 and non-inferiority between treatments was
demonstrated based on the upper limit of the 95% CI of the difference between the
treatment groups (0.34%) being below the predefined 0.4% margin. In both treatment
groups, the HbAlc increased over the course of the comparability period which is
expected over the long duration of clinical trial due to the natural progression of the
disease. (Figure 16).
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Figure 16: LS mean (SE) change in HbA1lc (%) from Day 1S through Week 18S by
treatment

Also, in spite of the mean steady-state concentration differences between the two

products, the range of concentration (Css) values for Amylin manufactured product was

within the range of concentration values observed with Alkermes product (Figure 17). In

addition, the HbAlc values, and fasting plasma glucose concentration demonstrates

substantial overlap, indicating the ranges of exposure and response are similar between

the 2 treatment groups (Figure 17). The demographic factors were also similar between
1250+ 12

the two groups.
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Figure 17: Css(Weeks 12 through 20; pg/mL), HbAlc (Week 18; %), and Fasting
plasma glucose concentration (Week 18; mg/dL) by treatment
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Typically, BE trials are conducted either single dose or at steady-state conditions if the
product is a modified oral dosage form. But in case of exenatide LAR where single dose
PK does not predict multiple dose PK and also the time to reach steady-state is 6-8
weeks, it is very difficult to conduct a typical BE trial. This comparability trial although
is not the ideal BE trial, does provide some information about the PK characteristics of
the proposed commercial formulation. The results show that the AUC was at least 15%
lower than the investigational formulation but having similar initial release profile. The
efficacy was similar from both these formulations although there appears to be a similar
loss of glycemic control in both the groups as seen from the rise in HbAlc values over
time (52 weeks total trial period)

The exenatide steady-state concentrations and HbAlc data from the comparability study
was compared to the exposure-response from the product manufactured at| ®® and /@@
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scale. As shown in Figure 18, the concentration range resulting from the formulations
from Amylin and Alkermes site are similar and greater than the ECs in the comparability
period of the trial and near the maximal response region (~200 pg/mL). There also
appears to be no difference in resulting HbAlc.

In conclusion, although bioequivalence has not been established, the comparability of the
two products is established.
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*Maximum Conc. for Amylin and Alkermes batch is[(0)(@) pg/mL and [(6)(@) pg/mL, respectively (Data
not shown)

Figure 18: Exposure-response is not different between the Amylin and Alkermes
manufactured product. Mean HbA1c ver sus exposur e from different manufacturing
scale. Mean HbAlc (+ SEM) for each quartile of average steady-state concentrations of
patients treated with exenatide LAR manufactured in Amylin and Alkermes are shown in
red and green, respectively. The concentration range (10"-90™ percentile) resulting from
the two manufacturing scale is shown by the horizontal lines (blue and pink, respectively)
at the bottom of the graph. ECsg (83.5 pg/mL) is shown as the vertical line in the graph.
The interquartile range of concentration resulting from Amylin and Alkermes is shown as
red and green lines, respectively at the bottom of the graph.
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2.6  Analytical Section
2.6.1 What bioanalytical methods are used to assess concentrations?
Exenatide assay:

In NDA 21-773 (Byetta), the immediate release formulation of exenatide was analyzed
using an immunoenzymetric assay (IMEA). This IEMA was also used to quantify plasma
samples for exenatide once weekly from initial clinical trials (ALK23-001, 2993LAR-
101, 2993LAR-102, and 2993LAR-103). Subsequently the exenatide IEMA was
modified and validated at @@ and this modified assay was used for the
quantification of exenatide from the LAR formulation in pivotal clinical trials (Studies
2993LAR-104, and 2993LAR-105).

Human plasma specimens were analyzed using the validated IEMA, which is a 2-site
sandwich assay utilizing 2 monoclonal antibodies (one for capture [EXE4:2-8.4] and one
for detection [GLP1:3-3.1]). The capture antibody is specific for exenatide, as it
recognizes a C-terminal epitope of exenatide and does not cross-react with GLP-1(7-36)
or glucagon. The detecting antibody recognizes an N-terminal epitope on exenatide,
GLP-1(7-36), and glucagon. The assay is specific for exenatide due to the selectivity of
the capture antibody. Since both antibodies need to recognize the peptide in order to
generate a signal for this assay, cross-reactivity with other peptides or metabolites is
minimized.

Human plasma samples were analyzed for exenatide (Synthetic Exendin-4)
concentrations utilizing a validated Enzyme-Linked Immunosorbent Assay (ELISA)
(validation report # 04-051). Standards concentrations ranged from 3.9 pg/mL to 500.0
pg/mL. The validated range of the assay, determined by acceptable accuracy and
precision of validation samples prepared at known concentrations was 10 pg/mL to 400
pg/mL. The range for reported concentrations was initially extended to 5,000 pg/mL by
performing dilutional linearity experiments. The range was subsequently extended to
20,000 pg/mL (Reference dilutional linearity addendum # 07-066).

Accuracy and precision were determined by analysis of human EDTA plasma validation
pools containing synthetic exendin-4 prepared at the following concentrations: 10, 15, 20,
50, 150, 250, and 400 pg/mL. Precision was expressed as the percent coefficient of
variation (% CV) of each pool. Inter-day % CV and % difference from theoretical for
validation samples analyzed at the concentrations listed above are as follows:

Validation Accuracy (% difference from theoretical range): -5.6% to 7.6%
Validation Precision (%CV): 5.8% to 13.6%

Dilution linearity: Dilutional linearity was evaluated by the analysis of a 5,000 pg/mL

synthetic exendin-4 validation pool assayed at 25-, 50- and 100-fold dilutions with
human EDTA plasma. For samples diluted from the 20,000 pg/mL stock, the percent
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difference from theoretical range ranged from -2.4% to 10.6%. The % CV ranged from
8.6% to 16.3%. Dilution of samples is valid.

Calibration standards were prepared by diluting a thawed aliquot of the standard solution
(500 pg/mL) with Human EDTA Plasma, resulting in calibration standards ranging in
concentration from 3.9 to 500 pg/mL. For the analysis of study samples, QC samples will
be prepared in a manner similar to the preparation of the validation pools described
above. The QC pools will be prepared at the following concentrations: 20, 150 and 250
pg/mL. Different volumes and concentrations of the QC samples may be prepared if
necessary.

Table 8 summarizes the results from the validation of the assay:

Table 8: Exenatide plasma concentration assay

Aszay Parameter Tested

Result for Human Flasma

Lower Limit of Quanfitation

Upper Limit of Quantitation

Accuracy (% difference from theoretical ranze)

Inter-Dray Precizion (¢0CV)

Diilutional Accuracy in Flazma (%EE)
5,000 pg/mL with 25-fold dilutien
5,000 pg/mL with 50-fold dilution
5,000 pg/mL with 100-fold dilmton

Dilutional Precision in Plazma (%E.SD)
5,000 pg/mL with 25-fold dilution
5,000 pg/mL with 50-fold dilution
5,000 pg/mL with 100-fold dilnton

Diilutional Accuracy in Flazma (%EE)
20,000 pgml. with 100-fold dilnbdon
20,000 pgml with 250-fold dilnbdon
20,000 pgml with 500-fold dilnbdon

Dilutional Precision in Plazma {3CV)
20,000 pgml with 100-fold dilnbdon
20,000 pg'mlL with 250-fiold dilnbdon
20,000 pg'ml with 500-fold dilnton

Specificity: Cross-Feactivity With Exendin-4(2-39),

Exendin-4{3-39), GLP-1({7-36), Glucagon, or Insulin
Stability Over § Freeze/ Thaw Cycles

Short-Term (bench-top) Stability

Long-Term (frozen) Stability (-70°C)

10 pg/iml

400 pg/mlL

-5.6 to 7.6% m plasma spikes
5.8 to 13.6% in plasma spikes

-16.8%
-15.0%

-13.7%

10.6%
10.5%

-24%

5.6%

16.2%

16.3%

Mo cross-reactviny observed at 1 ngml
(FESTODDESEL)

Stabla

Stable up to 72 bos ar 2-8°C

Arleast 716 days (FEST02119)

€V = coafficient of vartanon; FE = relatve emor; BAD = relative standard devianon.
Cross-Feferences: MDA 021-773, Serial 0000, Section 4.2.2.1, REST0211% and RESTO00ESE]L, and

D 67,082, Seral 0103, Section 5.3 1.4, RESTIE4486F1
Anti-exenatide antibody assay:

The presence of antibodies to exenatide in human serum from subjects treated in
Exenatide once weekly Studies ALK23-001, 2993LAR-101, 2993LAR-102, and
2993LAR-103 was evaluated using the same enzyme-linked immunosorbent assay
(ELISA) as that described in the NDA for Byetta (NDA 021-773).
An enzyme-linked immunosorbent assay was validated at N
(REST080375) for determining the presence of antibodies to exenatide in human serum
samples from pivotal clinical trials conducted with the LAR formulation. The assay
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detects total antibodies specific to exenatide (IgM, IgG, and IgA isotypes) using excess
antigen immobilized on a solid phase. Titers of antibodies to exenatide are determined by
serial 1/5 dilutions after an initial dilution of 1/25. Antibody titer is expressed as the
reciprocal of the highest dilution of sample serum that tests positive in the assay (i.e., a
dilution of 1/125 is expressed as an antibody titer of 125). This assay can detect
antibodies to Exenatide in samples containing drug concentrations of up to 8 ng/mL.
Table 9 summarizes the results of the assay validation.

Table 9: Antibody to Exenatide assay validation results

Assay Parameter Tested Eesult for Homan Serum

-

Minimum Required Dilution 1:25

Fecovery (% difference from mean recovery levels m aszav boffer) =27.6% m 3 of 4 lors

SEnsifvIty 0,679 moz/ml

Tnfra-Aszay Pracision {32V 2.8% o §.2%

Inter-Aszzay Fracizion (32 0.3% fo 12.4%

O Pomi Assigmment (8 3% confidence miberval) 0.148 Absorbance Units
Spectficiny Aszessment (zddidgon of 100 mezml exenatde) =08 . 8% mean inhibition obsarved
Freeze Thaw Stability Srable for at least 3 oycles
Short-Term Ambient {30-25C) Stabdity Stablz up to 24 hours

Short-Term Fefrigerated (2-3°C) Stability Srable up to 22 hours

Lowg-Term Frozen (-70 and -30°C) Stahility Stable for at least § months

OV = coafficient of vartanon.
%o Inhibinion = (Feesulr — Inhibited Fasult) / (Fesult — hzan Meganve Conmol Fesponse) x 100%:.
Cross-Feference: Section 5.3.1.4, BESTOR03TS.

Effect of antibody on quantitation of exenatide:

The presence of antibodies to exenatide in human plasma specimens altered the ability to
accurately measure exenatide in the plasma. This was assessed by measuring exenatide
concentrations in neat and diluted plasma specimens obtained from subjects enrolled in
exenatide once weekly clinical studies with and without the addition of a known
concentration (spike) of exenatide. The recovery of exenatide spiked in human plasma
specimens in the presence and absence of antibodies to exenatide was determined. The
recovery from antibody negative plasma was within 25% of expected exenatide
concentrations. The presence of antibody to exenatide in plasma specimens altered the
measurement of exenatide, with the largest reductions in the recovery of exenatide
observed at antibody to exenatide titers of 2 625 at the time of peak titer. Recovery of
exenatide was markedly reduced to approximately 50% with max titer samples obtained
from subjects with antibody titers greater than or equal to 625. In specimens from
subjects with max titer 3125 and 15625, essentially no recovery of spiked exenatide (0-
20%) was obtained from neat samples at their maximum titers (Figure 19).
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Figure 19: Summary of the spike and recovery results of the 200pg/ml spikeinto
exenatide once weekly specimen

Thus, PK measurements in the presence of antibodies to exenatide may be misleading,
especially in presence of high titers (> 625), however some assay interference may even
occur in the presence of lower titers. The sponsor excluded plasma Exenatide
concentrations associated with a higher titer (> 625) from population pharmacokinetic
analyses based on these findings.
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3 Detailed Labeling Recommendations

The Office of Clinical Pharmacology and Biopharmaceutics (OCP/DCP-2) has reviewed
the package insert labeling for) and finds it acceptable pending the following revision:

(Strkeethroush—+text is recommended to be deleted and underlined text is recommended
to be added.)

5.3  Renal Impairment

7 DRUG INTERACTIONS
7.1 Orally Administered Drugs

—BYDUREON has the potential to reduce the rate of absorption of
orally administered drugs. If oral drugs are to be administered with food, especially
that are dependent on threshold concentrations for efficacy, such as contraceptives
and antibiotics, patients should be advised to take them with a meal or snack during
BYDUREON therapy [see Clinical Pharmacology (12.3)].

8.6  Renal Impairment
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. Caution should be used when using
Bydureon in moderate renal impairment (CrCL = 30-50 mL/min) [see WARNING

12 CLINICAL PHARMACOLOGY
12.3 Pharmacokinetics

Absorption

Drug Interactions
Acetaminophen

When 1000 mg acetaminophen tablets were administered, either with or without a meal,
following 14 weeks of BYDUREON therapy (2 mg weekly), no significant changes in
acetaminophen AUC were observed compared to the control period. Acetaminophen
Cmax decreased by 16% (fasting) and 5% (fed) and Tmax was increased from

Warfarin

Administration of warfarin (25 mg) 35 minutes after repeated doses of BYETTA (5 mcg
BID on days 1-2 and 10 mcg BID on days 3-9) in healthy volunteers delayed warfarin
Tmax by approximately 2 hours. No clinically relevant effects on Cmax or AUC of S-
and R-enantiomers of warfarin were observed. BYETTA did not significantly alter the
pharmacodynamic properties (e.g., international normalized ratio) of warfarin [see Drug
Interactions (=47.2)].

Specific Populations
Gender

Population pharmacokinetic analysis suggests that gender does not influence the steady-
state concentrations of exenatide following BYDUREON administration.
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Race

Population pharmacokinetic analysis suggests that race has no significant influence on
steady-state concentrations of exenatide following BYDUREON administration.

Body Mass Index
Population pharmacokinetic analysis of obese (BMI >30 kg/m?) and non-obese patients
suggests that obesity has no significant effect on the pharmacokinetics of exenatide.

Renal Impairment

BYDUREON has not been studied in subjects with severe renal impairment (creatinine
clearance <30 mL/min) or end-stage renal disease receiving dialysis. Population
pharmacokinetic analysis of renal impaired patients receiving 2 mg BYDUREON
indicate that there is a 53% and 24% increase in exposure in moderate (N=10) and
mild (N=56) renal impaired patients, respectively as compared to normal (N=84)
renal function patients. Caution should be used when using Bydureon in moderate

Hepatic Impairment
BYDUREON has not been studied in subjects with hepatic impairment.
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4.2

OCP Filing Memo

Office of Clinical Pharmacology

New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number 22-200 Brand Name Bydureon
OCP Division DCP2 Generic Name Exenatide injection (extended
release)
Medical Division DMEP Drug Class GLP-1 analog
OCP Reviewer Jayabharathi Indication(s) Type 2 diabetes
Vaidyanathan, Ph.D.
OCP Team L eader (Acting) Wei Qiu, Ph.D. Dosage Form Injectable suspension
Dosing Regimen Weekly
Date of Submission 5/4/09 Route of | SCinjection
Administration
Estimated Due Date of OCPB Sponsor Amylin Phar maceuticals
Review
PDUFA Due Date 3/5/10 Priority Classification Sl
Division Due Date

Clin. Pharm. and Biopharm. Information

Ove i
included at
filing

Number of
studies
reviewed
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studies
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Critical Comments If any

STUDY TYPE

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

Listing of All

HPK Summary

Labeling

XXX

Reference Bioanalytical and

Analytical Methods

I. Clinical Pharmacology
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Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase |) -

Healthy Volunteers-

single dose: X 3 3

ALK23001,
BCB107

2993LAR102,

multiple dose: X

Patients-

single dose: X 2 2

2993LAR101, 2993LAR103

multiple dose: X 3 3

2993LAR104, 2993LAR105;
Japanese PK (H80JEGWBW)

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:
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In-vitro:

Subpopulation studies -

ethnicity:

gender:

pediatrics:

geriatrics: (Age)

renal impairment:

hepatic impairment:

PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

Il. 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

Ill. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

Filability and QBR comments

“X" if yes
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Application filable ?

YES Reasons if the application is not filable (or an attachment if applicable)
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. What are the PK characteristics of exenatide from this extended release
formulation?

e  What is the exposure-response of exenatide from this formulation?
. Is the proposed dose acceptable?

. Is there any effect of covariates like age, gender, body weight, antibody
on exenatide LAR PK?

Other comments or information not
included above

Primary reviewer Signature and
Date

Jaya bharathi Vaidyanathan, Ph.D.

Secondary reviewer Signature and
Date

Wei Qiu, Ph.D.
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Background:

Amylin Pharmaceuticals has submitted a NDA for Bydureon (exenatide for injectable
suspension). The proposed indication for Bydureon is as an adjunct to diet and exercise to
immprove glycemic control in adults with type 2 diabetes mellitus. Bydureon contains the
same active ingredient, exenatide, as the commercial product Byetta (exenatide) injection
(NDA 21-773). Byetta is administered twice daily (BID) at doses of 5 meg or 10 mcg by
SC injection. Exenatide is an incretin mimetic agent that stimulates glucose-dependent
msulin secretion and has several other antihyperglycemic actions. In contrast to the
exenatide solution used in Byetta formulation, Bydureon formulation entraps exenatide in
biodegradable polymer microspheres that allow for extended release. Bydureon is also
referred as ‘exenatide once weekly’ or exenatide LAR (long acting release) in this
submission.

The exenatide once weekly drug product kit consists of microsphere powder in a
vial, diluent in a | ®% syringe, injection needles, and a vial connector. The exenatide
once weekly dose 1s prepared by mixing one vial of microspheres with one syringe of
diluent. The resulting suspension is administered by subcutaneous injection using the
diluent syringe. Two muilligrams of exenatide from each single dose kit are to be
administered subcutaneously once per week.

The proposed dosing recommendation is as follows:

« Exenatide LAR (2 mg per dose) should be administered once weekly. The dose can be
administered at any time of the day, with or without meals.

» A reduction in the dose of concomitant sulfonylurea may be considered to mitigate the
risk of hypoglycemia.

(b) (4)

Formulation:
Exenatide once weekly consists of exenatide (drug load of ®® w/w) and sucrose (*%
w/w) encapsulated within biodegradable @ bolymer (poly(D,L-
lactide-coglycolide) or PLG; | “®w/w) microspheres that are designed to release
therapeutic concentrations of exenatide over an extended period of time. PLG is a
common, biodegradable medical polymer. This polymer has a history of use in human
sutures, bone plates, and extended release pharmaceuticals. Once injected into the body,
the polymer degrades over time to lactic and glycolic acid, which are biologically safe
compounds, and releases exenatide by a combination of drug diffusion and polymer
erosion. The microspheres are suspended in an aqueous diluent ((Diluent, Injection)
®®) prior to injection. The formulation selected, AC2993-F17, was submitted in the
original IND and has been used in the clinical development program starting with Studies
2993LAR-103 and 2993LAR-104 (Phase 2). It was also used in the Phase 3 open-ended
ongoing 2993LAR-105 clinical study. Based on these studies the proposed exenatide
once weekly dose of two milligrams of exenatide administered once per week was
selected.
Exenatide once weekly has been produced using drug substance from © different
suppliers. ®® Mallinckrodt Inc., and Lonza, SA. In addition it has
been manufactured at| " different scales, @@ and at two different
manufacturing sites, Alkermes Inc. in Wilmington, Ohio and Amylin Ohio, LLC in West
Chester, Ohio. The 2993LAR-104 (Phase 2) study and all studies prior to 2993LAR-104
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were conducted using drug product manufactured at the- scale. Study 2993LAR-105
(Phase 3) was started with material from this scale. Drug product from the - scale was
mtroduced into this study at a later date. Amylin has developed a commercial scale
manufacturing process at the Amylin Ohio facility which has a nominal scale of

per batch. Drug product manufactured at the commercial scale and site has been
introduced into the extension of clinical study 2993LAR-105 to assess comparability with
the drug product manufactured by Alkermes. The results from this clinical comparability
study are presented in 2993LAR-105 Comparability clinical study report. In order to
provide the similarity of clinical efficacy and safety of the Amylin-manufactured
(intended for commercial use) and Alkermes-manufactured (clinical development use)
drug products, clinical comparability was assessed directly wvia glycemic,
pharmacokinetic, and safety endpoints in the controlled study 2993LAR-105. Change in
HbA1c was predefined as the primary measure to establish comparability. This approach
was discussed with the Agency (meeting minutes dated 11/17/08).

Table: Exenatide once weekly drug product (F17 formulation) development overview

Clinical Study | LAR-104* | LAR-105[1)" LAR-105 [2] LAR-105 [3)* Stability Proposed Commercial
Drug Substance

Magufactwer | Mallinckrodt | | ON@ | TonzaMallinckiodr | Loaza Mallinckrodt | Lonza Mallickrodt | Lonza Mallinckrods
Drug Product

" LAR-104 = phase 2 study
® LAR-105 [1] = phase 3, Cobort 1 fom April 06 — April 07

¢ LAR-105[2]= p!meS Cohu12ﬁmFeb07dnuu;bendofsmdy
¢ uuuosn-— 3 )

Pharmacokinetic properties:

A single dose of exenatide once weekly exhibits multiphasic release over approximately
10 weeks with complex release characteristics: an initial period representing release of
surface-bound exenatide (Phase 1) followed by 2 subsequent peaks representing the
hydration (Phase 2) and erosion (Phase 3) of the microspheres. Repeated, once-weekly
administration of exenatide once weekly at the 2-mg dose results in overlap of the single-
dose release profiles and a gradual increase in the average plasma exenatide
concentration, until steady-state concentrations are achieved after approximately 7 weeks.
Considerable overlap in circulating exenatide concentrations was observed for the
majority of subjects across the BYETTA and exenatide once weekly studies.
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The population pharmacokinetic analysis of exenatide once weekly indicated that,
compared to those with normal renal function, the median Css ave for subjects with mild
and moderate renal impairment was 22.8% and 74.3% higher, respectively. Similar to
Byetta, population pharmacokinetic analyses of exenatide once weekly indicated that age,
gender, race, and body mass index (BMI) do not influence the pharmacokinetics of
exenatide.

Overall, no dosage adjustments are proposed for age, gender, race, BMI, antibody status,
or hepatic insufficiency. No dosage adjustment of exenatide once weekly is proposed in
patients with mild to moderate renal impairment. Exenatide once weekly is not being
recommended for use in patients with severe renal impairment or end-stage renal disease.
Exenatide once weekly has not been studied in pediatric patients.

Table: Summary of key PK parametersfollowing administration of exenatide once
weekly 2 mg on Day 1 and Week 29-30 (study 2993-L AR-105)

Gepmetric
Parameter Units n Mean (5E) [1] CV [2] 10, 90" Percentile

Day Ln

Crwe pe/mL 27 425024y T6.1 134 B43

Togas: h 127 4.0 1.5, 6.0
Weel: 20 to Weel 30 Dosing Interval ..,

Cas v pemL 114 3002 (23.4) 608 1451, 7022

| S pe/mL 114 432.7 (35.7) £6.3 2139 1186.1

i P h 114 128 1.2, 167.8

AU, pe-himl 114 50,454 (3931) G9.7 24174, 117,794

AUCss = steady-state area under the conceniration-time carve; Cmax = maximum conceniratdon;
Css ave = steady-state average concenimation; Css max = steady-state madmmm CconoenTation;
5D = standard deviaton: 5E = smndard emor; Tmax = fime 10 maximum concenTaton;

Tss max = ime to steady-5mate mrdnmm ConoenTAton.

[1] Geometric Mean = expimean{log300); 5E of Geometric Mean = Geometric Mean x SE of Mean(log(3)). For Tmax
and Tss max, median is displayed instead of geometric mean and both median and percentiles are based on the raw
walues,

[2]1 CW2%e =100 x 5D/ Mean.

Cross-Beference; Smdy 2903LAR-105, 50521224

The table below shows the studies that were used to obtain clinical pharmacology
information for exenatide once weekly.

Table 1: Studies Providing Clinical Pharmacology Data Regarding the Exenatide Once Weeldy
F17 Formulation

Subjects

Exenatide
Study Identifier Exenatide Once Weekly Study Once Weeldy
Smdy Diesizn Dosing Duration Population  Enrolled Treated [1]
2003LAR-102 Single SC injecmon: Healthy 21 10
Phasze 2, randomized, 25 mg subjects
open-labal S-week observaton period
20031 AR-103 Singzle SC injacton: Twpe 2 65 47
Phaze 2, randomized, 255 7 or 10 mg dizberes
sinzle-blind [2], 12-week observanon period
placebo-contrelled
100IL AR-104 Waekly SC injections: Twpe 2 47 31
Phasa 2, randomized, 0.8mgor2mg dizbates
doubla-blmd, 15-week meannent period and
placebo-contrelled 12-week follow-up period
100IL AR-105 Waekly SC injections: Twpe 2 303 278 [4]
Phasa 3, randomized, Jmg dizbetes
open-label, 30-week meaonent period and
comparztor-conmollad [3] open-ended meannent period
ECE-107 Single SC injection: Healthy 120 &0
Phaze 1, open-label Sor 10mg subjects

101 day observadon period

5C = subcutaneous.

[11 eated with the F17 formalation of exeratids once weskly.

[2] The study report Study T093LAR-103 as double blmd. In this decument, this extent of stady
‘blinding is referred 1o as wvestigatar, 204 study-site personne] wars blindsd [excapt
s T dispensmg study ma

[3] Comparater was BYETTA 5 meg BID :-'oc-l'ﬁ'edﬁ followad by BYETTA 10 mcg BID for 26 wasks.
[41 ludas =
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Steady-state pharmacokinetic and pharmacodynamic response (HbAlc) data were
evaluated with population PK analysis using data collected during the Phase 2 Study
2993LAR-104 and the long-term, Phase 3 Study 2993LAR-105. The population
pharmacokinetic model described the data by estimating the overall population mean, Css
ave expressed as a function of dose. The final model predicted that mean steady-state
plasma exenatide concentrations would increase as creatinine clearance decreased or as
the titer of antibodies to exenatide increased. Sponsor’s exposure-response modeling of
data from Studies 2993LAR-104 and 2993LAR-105 using HbAlc as the response
variable demonstrated that steady-state concentrations of exenatide following a 2 mg
dose were substantially higher than the concentration required to reach half-maximal
effect (ECso) derived from the exposure response model. Weekly dosing with 0.8 mg
resulted in lower exposure leading to a reduced glycemic response and no weight loss.
Sponsor concluded that since the majority of the 2-mg data lies within the plateau of the
exposure-response curve, the evaluation confirmed that an exenatide once weekly 2-mg
dose is an appropriate dose.

Figure: HbA1c versusindividual predicted Cssav overlaid with the model-predicted
EXPOsUre-response curve

*-" Exenatide Once Weekly 0.8 mg
=, Exenatide Once Weekly 2 mg

HbA1e (%)

O 500 1000 1500 2000
Predicted C, . . Plasma Exenatide (pg/mL)

Csz awve = average steady-state concentration; EC3(0 = concentration reguired to reach balf-maximal effect

HNotes: Change m weight and baseline HhAlc were fized to the population median vahes.
- The lina represents the population meam predicted HbAle for subjects with negatve antbody titer.
- The shaded regions represent the 25th to 75th percentiles of the predicted Css ave for each dose
- The arrow and dashed line at 835 pg/mL represents the population mean EC50.

Bioanalytical Methods:

The sponsor has submitted three new bioanalytical study reports in this submission and
referenced exenatide analytical study reports from the Byetta NDA 21-773. The three
analytical reports include:

RESTO080143: The effect of antibodies to exenatide on the spike and recovery of
exenatide in human plasma specimens from an exenatide once weekly study

REST090029: Acetaminophen in human plasma

RESTO080375: ELISA to detect human antibodies against exenatide in serum (validation
report)
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Conclusions: NDA 1is filable from Clinical Pharmacology perspective.

DSI Inspection: No DSI inspection needed for clinical pharmacology studies. The
following clinical study will be inspected.

The comparability of the to-be-marketed formulation to the clinical trial formulation is
critical. Study 2993LAR-105. The study information is as follows:

Study: 2993LAR-105

Exenatide Once Weekly Clinical Study Report 2993LAR-105
Chinical Study Report for Comparability Assessment Period

ARANDOMIZED, OPEN-LABEL, MULTICENTER,
COMPARATOR-CONTROLLED STUDY TO EXAMINE THE EFFECTS OF
EXENATIDE LONG-ACTING RELEASE ON GLUCOSE CONTROL (HBAIC) AND
SAFETY IN SUBJECTS WITH TYPE 2 DIABETES MELLITUS MANAGED WITH
DIET MODIFICATION AND EXERCISE AND/OR ORAL ANTIDIABETIC

MEDICATIONS
Phase 3

Investigators:
Central Laboratory Facilities:
Contract Research Organizations:
Responsible Medical Officer: Lisa Porter, MD, Vice President. Clinical Development
Medical Monitor: Lisa Porter, MD, Vice President, Clinical Development

Simon Bruce, MD, Senior Director, Clinical Development
Safety Phy:icians: Irina Yushmanova, MD, Senior Director, Global Safety
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Clinical studies:
A brief description of the clinical studies is mentioned below:

2993LAR-105 Comparability study: This was a phase 3 randomized open-label,
comparator controlled multiple dose study in T2DM patients to demonstrate that
exenatide once weekly from 2 different manufacturing sites exerts a comparable clinical
response on glycemic control (HbATc).

BCB107: This was a Phase 1 study to evaluate the single dose PK profiles in healthy
subjects of different formulations of exenatide once weekly to support IVIVC analysis.

ALK23-001: This was a Phase 1 study in healthy subjects to determine safety and
tolerability of 3 formulations of exenatide once weekly following sc administration.

2993LAR-101: This was a Phase 2 randomized, single-blind, placebo controlled single
dose study in T2DM patients to assess the safety of single SC injection of exenatide once
weekly presented in one of two formulations. The formulation used in this study was not
used for further development.

2993LAR-102: This was a Phase 2 open-label, single dose study in healthy subjects to
assess the safety and tolerability of a single sc injection of two formulations of exenatide
once weekly. Of the two formulations, the F17 was selected for further evaluation.

2993LAR-103: This was a Phase 2 randomized, placebo-controlled single-dose study in
T2DM patients to assess the PK following sc administration.

2993LLAR-104: This was a Phase 2 randomized, double-blind, placebo-controlled,
multiple-dose study in T2DM patients.

29933LAR-105: This was a Phase 3 open-label, comparator controlled multiple dose
study to compare the effect on HbAlc as compared to Byetta BID for 30 weeks.

H8O-JE-GWBW: This was a Phase 1 multiple dose study to assess the safety and
tolerability of exenatide once weekly administered for 10 weeks by SC in Japanese
T2DM patients.
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OFFICE OF CLINICAL PHARMACOLOGY:
PHARMACOMETRIC REVIEW

1 SUMMARY OF FINDINGS

1.1 Key Review Questions
The purpose of thisreview isto address the following key questions

1.1.1 Is there evidence of exposure-response relationship for effectiveness to
support the proposed 2 mg dose?

Yes, the exposure-response relationship for effectiveness is evidenced in studies LAR-
104 (dose ranging study) and LAR-105 (pivotal efficacy trial) and shown in Figure 1. An
inhibitory Emax model adequately described the relationship between observed HbA1c
and exenatide average steady-state concentrations. As shown in Figure 1, there is a
concentration-dependent decrease in HbAlc from baseline with maximal response at
exenatide concentrations greater than 200 pg/mL. There was some overlap of exenatide
concentrations following the 0.8 mg and 2 mg dose. However the median concentrations
achieved following 0.8 mg was about 60 pg/mL which is less than the ECs value (83.5
pg/mL) indicating sub-optimal exposures are achieved following 0.8 mg exenatide LAR
dose whereas the majority of patients receiving 2 mg exenatide LAR dose had exposures
above ECxy.

Mean HbAlc versus Median Exenatide
Concentration by Quartiles
9 -
¢ Exposure-Response-All Data
8.5 1 —EC50
—m— Placebo
8 10%-90% Conc. Range - 0.8 mg
’O\E? 10%-90% Conc. Range - 2.0 mg
~ 7.5 1
2 i
o 7
I
6.5 - i I I
6 -
5.5 L) L) L] L] L}
0 150 300 450 600 750
Exenatide Concentration (pg/mL)

Figure 1. The 2 mg dose produces exposure related to maximal response. Mean
HbAlc (x SEM) for each quartile of average steady-state concentrations of patients
treated with exenatide LAR. The placebo and treated responses are shown in black and
red. The 10" - 90™ percentile of the concentration range following 0.8 mg and 2 mg dose
in each quartile is shown by the horizontal line at the bottom of the graph. ECs, (83.5
pg/mL) is shown asthe vertical line in the graph.
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1.1.2 Does anti-exenatide antibody titer affect the PK and PD of exenatide?

The data are insufficient to determine the effect of immunogenicity. There was
considerable interference with the ability to quantify exenatide in samples with higher
titer antibodies. The sponsor excluded data from patients having high antibody titers
(sponsor defined this as = 625). The antibody titer was not considered as a covariate in
the population PK analysis due to this reason; however, it was used as a covariate in the
PK-PD analysis. The antibody titer was determined to be statistically significant predictor
of the variability in the E,,.x parameter. As shown in Figure 2, there appears to be a slight
difference in magnitude of the reduction of HbAlc with increasing titer at a given
exenatide concentration. The steady-state concentrations associated with negative
antibody titers completely overlap with those concentrations observed for titers of 25 and
125. The median concentration obtained following different titer values are well above
the ECsp and in proximity to the maximal response. It is likely that the antibody titer
effect 1s not clinically significant however there are limitations to this analysis.

Mean HbA1c versus Median Exenatide Concentration
by Quartiles: Effect of Anti-Exenatide Antibody Titer
7.5 1 == Titer 0
Titer 25
7.3 1 —e—Titer 125
=== Interquartile Concentration Range - Titer 0
7.1 - Interquartile Concentration Range - Titer 25
6.9 - Interquartile Concentration Range - Titer 125
X 6.7 -
O 65
g
L 6.3 4
I
6.1 {H—++ |
59 4
57 +1+—1+— } i
55 Y Y T 1
0 500 1000 1500 2000
Exenatide Concentration (pg/mL)

Figure 2: Trend of decreasing response with increasing anti-exenatide antibody.
Mean HbAlc (+ SEM) for each quartile of average steady-state concentrations of patients
treated with exenatide LAR having either no antibody titer (Titer 0) or having different
levels of antibody (Titer 25 and Titer 125) are shown in pink, blue and black,
respectively. The concentration range following each Titer (0, 25, and 125) is shown by
the horizontal lines at the bottom of the graph. ECsp (83.5 pg/mL) is shown as the vertical
line in the graph.
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1.1.3 Does the manufacturing scale affect the PK and PD of exenatide?

The population PK analysis demonstrated a 36% higher mean exenatide plasma steady-
state concentration at the | ®® manufacturing scale as compared to the | @® scale. On
the other hand, the median concentration resulting from the product manufactured using
these two scales are similar as shown in Figure 3 and lowest 60% of the observed steady-
state concentrations following 2 mg exenatide LAR are similar between the two scales.
The to-be-marketed exenatide LAR product will be manufactured at a different
manufacturing site as compared to the product used in the clinical study ( ®® and| ©®%

The commercial manufacturing site produced exenatide LAR manufactured at a larger
manufacturing scale (@ The product produced at this site was compared to the
product manufactured at the | % scale in the LAR105-comparability study. The
concentration data from this period was not included in the PK-PD analysis. The
exposure from the commercial site exenatide LAR product was about 32% lower than the
exposure resulting from the exenatidle LAR manufactured at | @ scale. Please see
Clinical Pharmacology review for details on the comparability study. It is evident that
there 1s huge variability in the observed concentrations with exenatide LAR product. It
can be speculated that the concentration resulting from the commercial site product
manufactured at| @® scale will fall in between the two lines in the Figure 3 below and
the differences between these may not be clinically relevant.

® L
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o

o
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(b) (4)
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o
]
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0 20 40 60 80 100
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Figure 3: Quantiles of observed steady-state exenatide concentrations following
administration of 2 mg dose manufactured in O@ and | @9 scale.

Figure 4 shows the mean HbAlc of patients versus the steady-state exenatide
concentrations from the two manufacturing scale. Although higher concentrations were
achieved from the ' @ scale, the majority of the steady-state concentration distribution
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for the | ®® manufacturing scale is encompassed within the range of the | @

manufacturing scale. Also the concentrations are in the proximity of the maximal
response indicating that the 36% difference may not be clinically significant.

Mean HbAlc versus Median Exenatide
Concentration by Quartiles: Effect of Scale
757 . 0@
7.3 1 A 522
71 - —Interquartile Concentration Range -[(6)(4)
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= 6.7 { ] i
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Figure 4. Mean HbA1c versus median exenatide concentrations by manufacturing
scale. Mean HbA1c (+ SEM) for each quartile of average steady-state concentrations of
patients treated with exenatide LAR manufactured in| @® and [ ®® scale are shown in
blue and red, respectively. The concentration range resulting from the two manufacturing
scale is shown by the horizontal lines at the bottom of the graph. ECsy (83.5 pg/mL) is
shown as the vertical linein the graph.

1.1.4 What isthe effect of renal impairment on exenatide LAR PK?

A significant increase in exenatide steady-state concentrations is observed in patients
with renal impairment. Baseline creatinine clearance (CrCL) was determined to be the
most significant predictor of steady-state concentration of exenatide following once
weekly dosing. As shown in Figure 5, there was a 53% increase in the observed average
steady-state concentrations in the moderate renal impaired patients (CrCL = 30-50
mL/min) and 24% in the mild renal impaired patients (CrCL=50-80 ml/min) as compared
to patients with normal creatinine clearance. The median CrCL in the 10 patients with
moderate renal impairment was 44 mL/min. The maximal predicted increase in steady-
state concentrations for patients with CrCl = 30 mL/min is 2-fold.
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Figure 5: Significant increase in exenatide steady-state concentrations in patients
with renal impairment: The closed symbols show the mean (SEM) steady-state
concentrations following 2 mg exenatide LAR and the red line is the predicted steady-
state concentration.

1.1.5 Arethelabeling claimsbased on population analysis of exenatide LAR in
type 2 diabetic patient population justified?

Yes, based on the results of the population PK analysis, sponsor’s proposal of no dose

adjustment based on age, gender, race and body weight is justified. These covariates do

not affect exenatide pharmacokinetics in a clinically meaningful manner (see Figure 8).

1.2 Recommendations

The sponsor’s proposed dose is acceptable from clinical pharmacology perspective.
The labeling statements based on the population PK analysis as proposed by the sponsor
are acceptable.
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2 RESULTSOF SPONSOR’SANALYSIS

The sponsor conducted both population PK as well as PK/PD analysis. The results are
summarized below.

Methods: Datafrom study LAR-104 and study LAR-105 was used. The PK data set had
steady-state exenatide concentration values from 165 subjects and HbA 1c measurements
from 157 subjects. Only steady-state concentration data was evaluated. The exposure
measure evaluated in the population PK/PD analysis was the individual predicted average
steady-state plasma exenatide concentration (Css avej) a the time of each measured
response variable. The efficacy response variables considered in the population PK/PD
anaysis were HbA1lc and fasting plasma glucose. The covariates assessed in the PK
analysis were baseline age, ideal body weight, creatinine clearance (CrCL), ethnicity, sex,
and manufacturing scale, anti-exenatide antibody, body mass index, and body weight.
While the covariates assessed in the PK/PD analysis were baseline age, ideal body
weight, baseline HbA1c, baseline fasting plasma glucose, ethnicity, sex, anti-exenatide
antibody, body mass index, and change in body weight from baseline.

Table 1. Studiesused in Analysis

Study Design Exenatide once weekly Patients
Dosing/Dur ation Treated
2993-LAR-104 Weekly SC injection 31

Phase 2, randomized, double- 0.8 mg or 2 mg/
blind; Placebo-controlled 15 week treatment period

2993-LAR-105 Weekly SC injection 278
Phase 3, randomized, open- 2 mg/ 30 week treatment
label; comparator-controlled period

2.1  Population Pharmacokinetic Analysis

Population PK anaysis was done to characterize the average steady-state plasma
concentration of exenatide once weekly following either 0.8 mg or 2 mg doses and to
evaluate if any covariates explain the variability in the steady-state exenatide levels. The
base model characterized the average steady-state plasma exenatide concentration as a
function of dose of exenatide LAR. The covariate analysis was performed using forward
addition of all covariates that were significant at the 5% level, and backward elimination
of covariates not significant at the 0.1% level. Inter-individual variability for Cssaveijin the
base structural population PK model was estimated using an exponential error model. A
proportional error model was used to describe residual variability (RV). The sponsor’s
results are summarized in the following tables 2 and 3.
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Table 2: Parameter estimates and standard errors for the base PK model

Magnitude of Interindividual
Final Parameter Estimate Variability
Population Final
Parameter Mean HSEM Estimate 4SEM
Steady-state exenatide concentration 047 208
for 0.8-m= dose (pg/ml) ’ i 0.234° 143
Additive shift for 2-mg dose” 243 115 - -
(pg'ml) )
Residual Varability® (%CV) 5822 11.6

Minimum Value of the Objective Function = 36784558
* The estimate provided in the table (0.234) is a variance term. The comresponding % CV = 48.37%.
’ Population predicted steady-state exenatide concentration for 2 mg = 337.7 pg/mL.
¢ Residual variabili eled usine 3 onal el

Source Table 14 from PK/PD study report

Table 3: Parameter estimates and standard errors for the final PK model
Magnitude of

Final Parameter Estimate Interindividual Variability
Population Final
Parameter Mean YSEM Estimate YeSEM
Steady-state exenatide
concentration for 0.8-mg dose for a
subject with a CrCL value of 65.0 17.0

84.6 ml /mm antibody tter of 0,
and g,yE manufacturing scale
(pg'ml)

m“)‘ shift for J-mg dose 200.0 124
Power for baseline CrCL capped at Lot 7o 0.195* 138
150 ml /min - 7
‘Additive shift for antibody titer of
25 Copial)y 211 4038
‘Additive shift for antibody tifer of
125 (gl N 826 361
"Additive shift for Okg

. 987 519
manufachring sull (pg/mL)
Residual variability® (%CV) 5477 101

Mininmum Value of the Objective Function = 36265.561
" The estimate provided in the table (0.195) is a variance term. The corresponding %CV = 44.16%.
® Residual varisbilitv was modeled usine a proportional error model.

Source Table 18 from PK/PD study report

Conclusions:

e For the 0.8-mg dose, the geometric mean of the model-predicted Css aveii Was
101.75 pg/mL and ranged from 52.6 to 217 pg/mL. For the 2-mg dose, the
geometric mean of the model-predicted Css aves was 347.78 pg/mL and ranged
from 106.6 to 1638.6 pg/mL.

e The steady-state exenatide concentration for the 0.8 mg dose for a subject with
creatinine clearance value of 84.6 mL/min, antibody titer 0, and we)
manufacturing scale was 65.9 pg/mL. The additive shift for the 2 mg dose was
200. The residual variability (%CV) was 54.77.

e The model predicted an increased exenatide exposure with decreased renal
function. For subjects receiving a 2-mg dose of exenatide QW, with the | ®%
manufacturing scale and an anti-exenatide antibody titer of 125, the influence of
decreasing CrCL from 84.6 mL/min to 30 mL/min resulted in an increase in
predicted Css aveij from 447 pg/mL to 825 pg/mL.
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o Average steady-state plasma exenatide concentrations were predicted to be higher
in the presence of anti-exenatide antibodies than in their absence. Assuming
administration of a once-weekly dose of 2 mg of exenatide at the | ©%
manufacturing scale to a subject with normal rena function (baseline CrCL of
84.6 mL/min), considered antibody negative, with titer of 25, or atiter of 125, the
population model estimates a Css aveij Of 365 pg/mL, 386 pg/mL, and 447 pg/mL,
respectively.

e A trend for higher mean exenatide concentrations was predicted at the | @@
manufacturing scale as compared with the @ manufacturing scale. The model
predicted an additive increase of 98.7 pg/mL in steady-state concentrations for the
@@ manufacturing scale as compared to the| ®® manufacturing scale.

e Age, race, gender, ideal body weight, body mass index, body weight, and
concomitant metformin, sulfonylurea, and thiazolidinedione were not found to be
statistically significant predictors of the variability in steady-state plasma
exenatide concentrations.

2.2 Pharmacodynamic Model for Exposure-Response Relationship

In order to create time-matched concentration-HbA 1c pairs for each subject at the times
of HbA 1c measurements, individual Cssaveij values were predicted using the population
typical parameter values. The sponsor’ sresults are shown in Tables4 & 5.

Table 4: Parameter estimates and standard errorsfor the base PK/PD model
Magnitude of Interindividual

Final Parameier Esiimaie Variability
Parameter Population Mean “SEM Final Estimate YasSEM
E._ (%) 166 0.0 i
SN T, o =5 0314 162
Fesidual Variahilin® (%CV) 3.04 100

Minimm Value of the Objective Function = -468.173
" The estimate provided in the table (0.314) is a variance term. The corresponding %6V = 56.04.
" Residual warisbility was modeled nsing a proportionsl error model

Source Table 24 from PK/PD study report
TabIe_,fS_.:.._Egr_gm_e_t__e_r_uggi_mgtps_z_a_r_]_d standard errorsfor thefinal PK/PD model

Magnitude of Interindividual

Final Paramefer Estimate Variability
Parameter Population Mean HaSEM Final Estimate tSEM
E. (%) 145 ED
Change in log HhAlc per
unit change in log baseline 0385 B4
HbadlconE__ (%)
Slope for change in weight - 5
on By (B0kg) -0.0533 16.2 0.101* 245
Additive shifi on Exy for ,_,,
Titer =0 (%) 0.327 832
Additive shift on E_,, for
Titer = 25 (%) 0.229 30.6
ECswy (pg/ml) 8315 432
Fesidual Variahility' (%CW) 3.02 111

Minimum Value of the Objective Function = -§44 837
" The estimate provided in the table (0.101) is a variance term_ The corresponding 360V = 31.78%.
" Residual varisbility was modeled using a proportions] error model

Source Table 28 from PK/PD study report

NDA 22-200 Page 69

Exenatide_pm_review



Conclusions;

e Aninhibitory Emax model described the relationship between observed HbA 1c and
exenatide Css aveij. Baseline HbA1c, change in body weight, and anti-exenatide
antibody titer were determined to be statistically significant predictors of the
variability in the Emax parameter. The estimated EC50 of the relationship was 83.5
pg/mL.

e The population PK/PD model predicted that for a given exenatide concentration,
the maximum HbA 1c response was greater for those with higher baseline HbA1c
and for those with a higher change from baseline in body weight. Also, the
magnitude of the reduction of HbA1c decreased with increasing titer at a given
exenatide exposure.

e The covariate that did not impact the steady-state concentrations of exenatide -
age, race, gender, and concomitant metformin, sulfonylurea, and
thiazolidinedione were also not statistically significant predictors of the variability
in HbAlc.

23 REVIEWER'SCOMMENTSON SPONSOR’'SANALYSIS

Soonsor conducted a well detailed population pharmacokinetic analysis as well as
PK/PD analysis. However, the following were noted:

(1) Sponsor used an additive shift to describe the effect of the covariates. The reviewer
used a proportional shift to describe the effect of covariates. The model estimates were
not significantly different as compared to the sponsor’s model, however the results are
easier to explain as compared to the additive shift.

(2) There was considerable interference with the ability to quantify exenatide in samples
with higher titer antibodies (sponsor defined this as >625).Exenatide plasma
concentration assay interference from anti-exenatide antibodies was demonstrated by
loss of exenatide recovery in presence of antibody titers specimens spiked with known
exenatide concentrations. This study demonstrated approximately 80% recovery of
exenatide from antibody-negative subject plasma. Plasma samples from subjects with
titers of 125 demonstrated a recovery of approximately 70%. On average, recovery was
reduced to approximately 50% in plasma samples from subjects with titers of 625.
Plasma samples from subjects with titers of 3125 and 15625 exhibited even lower
recovery (0 to 20%). The exenatide QW concentrations associated with titers of 625 or
greater were excluded from the PK model and thereby the PK/PD model by the sponsor.
The sponsor used exenatide samples with antibody titer of 125. The reviewer’s model did
not include the antibody titer as a covariate in the population PK analysis due to these
reasons.

(3) The sponsor analyzed body weight as a covariate in the analysis. Creatinine
clearance was a significant covariate in the population PK analysis and body weight is
accounted for in the calculation of creatinine clearance: Hence, the reviewer did not
include body weight as an independent covariate.
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3 REVIEWER'SANALYSIS

The population PK analysis was repeated with the modification as mentioned above
(using exponential shift rather than additive shift for the covariates). The sponsor’s
population PK/PD model was reviewed and found to be appropriate.

3.1 Objectives
The analysis objectives are as follows:

1. To determine the exposure-response relationship for effectiveness of
exenatide LAR and to determine if any covariates influence this relationship

2. To establish whether the proposed dose is adequate.

3. Todetermineif the presence of anti-exenatide antibodies and manufacturing
scale significantly impact the PK and/or PD of exenatide LAR

4. To determine the effect of renal impairment on PK of exenatide LAR
3.2 Methods

3.2.1 Data Sets
Data sets used are summarized in Table 4.

Table4. AnalysisData Sets

Analysis Name Link to EDR
Population PK finalnm.csv NA
Population PK/PD emplarpdold.csv NA

3.2.2 Software

NONMEM Version VI was used for the analysis and run using Wings for NONMEM VI
on an IBM Thinkpad laptop computer T60, equipped with a Compaq Visual Fortran
compiler. The diagnostic and other plots were generated using S-plus script and using
EXCEL.

3.2.3 Models

The sponsor’s base model was used. Graphical analysis of the base model output
(goodness-of-fit plots and parameter-covariate plots) was used to evaluate the adequacy
of the model and selection of covariates for further evaluation.

3.3 Reaults

3.3.1 Population pharmacokinetics

The base pharmacokinetic model expressed the population mean Css ave, as a function of
dose. An exponential error term was used to describe inter-individual variability in Cssave.
Residual variability was estimated using a proportional error term. As seen in the

diagnostic plots, this model was not a perfect model as there was significant under-
prediction.
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(a) Observed versus population predicted

(b) Observed versus individual predicted
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Figure 6: Diagnostic plots from the base model.

Covariate Analysis

Parameter and Eta-covariate plots from the base model revealed that creatinine clearance
was the major predictor of steady-state concentration of exenatide LAR as shown in
Figure 7 below. Creatinine clearance explained only about 3% of the variability in the
exenatide steady-state concentration (ETASD base — ETASD base+CRCL). Also as
shown in Figure 5, there was a 53% increase in the observed average steady-state
concentrations in the moderate renal impaired patients (CrCL = 30-50 mL/min) and 24%
in the mild renal impaired patients (CrCL=50-80 ml/min) as compared to patients with

normal creatinine clearance.
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(@) Concentration increases with decrease in
CrCL

(b) Effect of body weight on concentration is
explained with CrCL
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Figure 7: Creatinine clearanceis a significant predictor of exenatide steady-state

concentration (Note: From base model)

It was also seen that body weight was correlated with BMI and gender. However, as
estimation of creatinine clearance accounts for the differences in body weight, this was
not evaluated as an independent covariate. Age, gender, race, and ideal body weight
(IBW) were not determined to be significant covariates (Figure 8). Antibody titer and
manufacturing scale were also determined to be significant covariates, explaining an
additional 3% variability in exenatide steady-state concentrations.
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() No effect of age on exenatide steady-state
concentration

(b) No differences in exeantide steady-state
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Figure 8: No effect of age, gender, race, and body weight on exenatide PK (Note:
From base model)
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3.3.1 PK/PD analysisand graphical exposure-response analysis

The PK/PD model described the exposure-response data as evident from the model
diagnostic plots (Figure 9). The results of the base model showed an Eq of 1.65% with a
residual variability of 3.93 (CV%) and ECs, was estimated to be 70.8 pg/mL. Inclusion of
covariates in the model resulted in an Eqax of 1.45% and ECs, of 83.5 pg/mL.

(@) Observed concentration versus population | (b) Observed concentration versus individual

predicted (black dots) and line of unity predicted (black dots) and line of unity
@ 'a 7]
O (@]
w w
ur uw
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(c) Weighted residual versus population
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Figure9: Diagnostic plots from the base PK/PD model

The sponsor’s PK/PD model was found to be appropriate keeping in mind the limitations
of the population PK analysis. Therefore exploratory graphical analysis was done based
on the observed exenatide and HbA1c data. Exposure-response was evident from the
visual assessment of HbA1c% versus concentration (means of four quartiles) from the
phase 2 and 3 study as shown in Figure 1. This evaluation confirms that an exenatide
once weekly 2 mg dose should produce a robust clinical response. Based on these
analyses, as the majority of the 2 mg data lies within the plateau of the exposure-response
curve, it is reasonable to mention that relatively large decreases in pharmacokinetic
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exposure will be required before a clinically relevant change in efficacy response is
elicited.

The antibody titer was determined to be statistically significant predictor of the variability
in the Enax parameter. As shown in Figure 2, there appears to be a slight difference in
magnitude of the reduction of HbAlc with increasing titer at a given exenatide
concentration. The steady-state concentrations associated with negative antibody titers
completely overlap with those concentrations observed for titers of 25 and 125. The
median concentration obtained following different titer values are well over the ECso and
in proximity to the maximal response. It is likely that the antibody titer effect is not
clinically significant however there are limitations to this analysis.

Although higher concentrations were achieved from the | @ scale based on the
population PK analysis, the majority of the steady-state concentration distribution for the

@@ manufacturing scale is encompassed within the range of the [ ®® manufacturing
scale. Also the concentrations are in the proximity of the maximal response indicating

that the 36% difference may not be clinically significant (Figure 3).

4 LISTING OF ANALYSESCODESAND OUTPUT FILES

File Name Description L ocation in \\cdsnas\phar macometrics\

finalnm.csv Sponsor’'s NONMEM \\cdsnas\pharmacometrics\ Reviews\Ongoing
data set for population | PMReviews\Exenatide NDA22200 000 JV\PPK
PK analysis Analyses\Reviewers M odel

pkbasemodel exp.ctl Reviewer'sNONMEM | \\cdsnas\pharmacometrics\ Reviews\Ongoing

base model code for
population PK analysis

PMReviews\Exenatide NDA22200_000_JV\PPK
Analyses\Reviewers Model

pkbasemodelexpercl.ctl

Reviewer' sNONMEM
model code for
population PK analysis
with CRCL as
covariate

\\cdsnas\pharmacometrics\ Reviews\Ongoing
PMReviews\Exenatide NDA22200_000_JV\PPK
Analyses\Reviewers M odel

pkfullmodelexp.ctl

Reviewer'sNONMEM
model code for
population PK analysis
with all covariate

\\cdsnas\pharmacometrics\ Reviews\Ongoing
PMReviews\Exenatide NDA22200_000_JV\PPK
Analyses\Reviewers Model

pkfinalmodelexp.ctl

Reviewer’ sNONMEM
final model code for
population PK analysis

\\cdsnas\pharmacometrics\ Reviews\Ongoing
PMReviews\Exenatide NDA22200 000 JV\PPK
Analyses\Reviewers Model

emplarpdold.csv

Reviewer'sNONMEM
data set for population
PK/PD analysis

\\cdsnas\pharmacometrics\ Reviews\Ongoing
PMReviews\Exenatide NDA22200 000 JV\PK
PD Analysis\

pkpdbase-model .ctl

Reviewer' sNONMEM
base model code for

\\cdsnas\pharmacometrics\ Reviews\Ongoing
PMReviews\Exenatide NDA22200_000_JV\PK

population PK/PD PD Analysis\
analysis
pkpdbase-modelwt.ctl Reviewer' sSNONMEM | \\cdsnas\pharmacometrics\ Reviews\Ongoing
model code for PMReviews\Exenatide NDA22200 000 JV\PK
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population PK/PD
analysis —covariate wt

PD Analysis\

pkpdbase-model wititO.ctl Reviewer'sNONMEM | \\cdsnas\pharmacometrics\ Reviews\Ongoing
model code for PMReviews\Exenatide NDA 22200 000 JV\PK
population PK/PD PD Analysis\
analysis—covariate
wi, tit0
pkpdbase- Reviewer'sNONMEM | \\cdsnas\pharmacometrics\ Reviews\Ongoing
modelwititOtit25.ctl model code for PMReviews\Exenatide NDA22200 000 JV\PK
population PK/PD PD Analysis\
analysis —covariate
wi, tit0, tit25
pkpdbase- Reviewer'sNONMEM | \\cdsnas\pharmacometrics\ Reviews\Ongoing
modelwititOtit25tit125.ctl model code for PMReviews\Exenatide NDA22200 000_JV\PK

population PK/PD
analysis—covariate
Wi, tit0 tit25, tit125

PD Analysis\

pkpdfinal-model ctl

NONMEM final model
code

\\cdsnas\pharmacometrics\ Reviews\Ongoing
PMReviews\Exenatide NDA22200_000_JV\PK
PD Analysis\

SummarystatisticsPDby

ConcCat_Alldatal10209.xIs

Excel filefor
exploratory analysis

\\cdsnas\pharmacometrics\ Reviews\Ongoing
PMReviews\Exenatide_ NDA22200_000_JV\PK
PD Analysis\Reviewer Model

SummarystatisticsPDby
ConcCat_MeanbylD.xIs

Excel filefor
exploratory analysis

\\cdsnas\pharmacometrics\ Reviews\Ongoing
PMReviews\Exenatide NDA22200_000_JV\PK
PD Analysis\Reviewer Model

finalbasemodel expcrcl.SSC

S-plus script for plots

\\cdsnas\pharmacometrics\ Reviews\Ongoing
PMReviews\Exenatide NDA22200 000 JV\PPK

Analysis\Reviewer Model
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5 APPENDIX 1: SPONSOR’SPK/PD REPORT SYNOPSIS
(Source: PK/PD study report)

1.1 I ntroduction

Exenatide QW is being developed as aline extension of exenatide for once-weekly (QW)
administration to subjects with type 2 diabetes mellitus. This report describes population
pharmacokinetic (PK) and pharmacokinetic/pharmacodynamic (PK/PD) analyses of
exenatide QW using data from Amylin Studies 2993L AR-104 and 2993L AR-105.

1.2  Methods

1.2.1 Data

Amylin Study 2993LAR-104 was a Phase 2, double-blind study of exenatide QW
administered by subcutaneous injection for 15 weeks to approximately 30 overweight or
obese men and women with type 2 diabetes mellitus. Subjects received either 0.8 mg or
2.0 mg exenatide once weekly. Full-profile PK sampling was done on Day 1 of treatment,
with additional PK samples collected weekly or biweekly. An additional 15 subjects
received placebo. Amylin Study 2993LAR-105 was a Phase 3, randomized, open-label,
multicenter study of exenatide QW administered as a subcutaneous injection once weekly
for 52 weeks or beyond in subjects with type 2 diabetes with blood sampling for
exenatide plasma concentrations through 52 weeks of the open ended assessment phase.
All data available prior to September 24, 2007 were used in this analysis. For the purpose
of thisanalysis, only steady-state concentration data were formally evaluated.

1.2.2 Exposure-Response Variables

The exposure measure evaluated in the population PK/PD analysis was the individual
predicted average steady-state plasma exenatide concentration (Css aveij) at the time of
each measured response variable. Exposure measures were estimated using the
population PK model developed in this analysis. For subjects assigned to placebo, Cssaveij
was assigned a value of zero. The efficacy response variables considered in the
population PK/PD analysis were HbA 1c and fasting plasma glucose.

1.2.3 Covariates

Stationary covariates assessed in the PK analysis were baseline age, ideal body weight,
creatinine clearance (CrCL), ethnicity, sex, and manufacturing scale. Time-variant
covariates assessed were anti-exenatide antibody, body mass index, and body weight.
Stationary covariates assessed in the PK/PD analysis were baseline age, ideal body
weight, baseline HbA 1c, baseline fasting plasma glucose, ethnicity, and sex. Time variant
covariates assessed were anti-exenatide antibody, body mass index, and change in body
weight from baseline.

In addition, the influence of concomitant use of metformin, sulfonylurea or
thiazolidinedione was evaluated in the PK and PK/PD analyses.

1.2.4 Population Pharmacokinetic Analysis Methods
The population PK and PK/PD analyses were completed using NONMEM software,
Version VI. All data preparation and presentation was performed using SAS Version 8.2.
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The base structural model characterized the average steady-state plasma exenatide
concentration as a function of the dose of exenatide QW that was administered.
Interindividual variability (11V) for each PK parameter in the base structural population
PK model was estimated using an exponentia error model. A proportiona error model
was used to describe residual variability (RV).

A forward selection/backward elimination procedure was used for covariate analysis. The
final population PK model was evaluated for any remaining biases in the I1V and RV
error models. All delta Css aveij plots were evaluated for biases in the covariate models.
Individual empiric Bayesian exenatide Css aveij estimates were generated for each subject
from the final model using conditional estimation. These values were then used as
individual exposure estimates in the subsequent population PK/PD analysis. The
adequacy of the final PK model was investigated using the visual predictive check
method.

1.2.5 Population Phar macokinetic/Phar macodynamic Analysis Methods

In order to create time-matched concentration—HbA 1c pairs for each subject at the times
of HbA1c measurements, individual Css aveij Values were predicted using the population
typical parameter values, the individual-specific covariate values, and the individual
gpecific random effects parameters. Subsequently, the exposure-response relationship
was evaluated using steady-state exenatide concentrations and glycemic response pairs.

Model development began by applying the basic structural form of a previous model
(inhibitory Emax model) developed using data from BYETTAe, to the exenatide Css aveij
and glycemic response (HbA1c) data from Studies 2993LAR-104 and 2993LAR-105.
Interindividual variability in the maximal HbAlc response (Ema) and the steady-state
exenatide concentration for half-maximal response (ECso) were initially evaluated using
an exponential error model. An additive error model was initially used to describe RV.
The remaining steps of PK/PD model development were similar to those for PK model
devel opment.

1.3 Reaults

1.3.1 Data Description

The PK analysis dataset included 3188 steady-state exenatide concentration values from
165 subjects. The subjects were primarily male (59%) and Caucasian (82%). Median age
was 56 years (range, 19 to 80 years) and median weight was 95.3 kg (range, 56.5 to 157.9
kg). Capped baseline CrCL ranged from 31.8 to 150 mL/min, with a median of 84.6
mL/min. Most data (91%) were from the 2-mg dose group. Approximately 42%, 36%,
and 22% of concentration records were associated with anti-exenatide antibody titer
levelsof 0, 25, and 125, respectively.

The efficacy dataset included 630 HbA 1c measurements from 157 subjects administered
exenatide QW. Although data from 13 subjects (24 measurements) who received placebo
were retained for graphical analysis, the fina NONMEM dataset did not include these
data. The subjects were primarily male (58%) and Caucasian (81%). Median
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demographic characteristics were: age, 56.5 years (range, 19 to 80 years); baseline
weight, 100.76 kg (range, 61.5 to 154.6 kg); body mass index, 32.96 kg/mz (range, 23.3
to 51.9 kg/mz); and change in weight from baseline, -2.72 kg (range, -36.8 to 10.9 kg).
Approximately 45%, 34%, and 21% of records were associated with anti-exenatide
antibody titer levels of 0, 25, and 125, respectively. About 74% of HbA 1c measurements
were recorded in the presence of concomitantly administered metformin. The mean (SD)
baseline HbAlc was 8.52% (1.40) for placebo subjects, 8.67% (1.12) for subjects
administered 0.8 mg exenatide QW, and 8.30% (1.02) for subjects administered 2 mg
exenatide QW. Overall, the mean (SD) of all observed steady-state HbA 1¢c measurements
was 7.57% (0.97) for the 0.8-mg dose group and 6.55% (0.65) for the 2-mg dose group.

1.3.2 Population Pharmacokinetic Final Model
Thefinal PK model characterizing the steady-state plasma exenatide values in subjects
with diabetes mellitus was described by the following equation:

Css avej = [65.9(CrCIi/84.6)'1'84+ 200.Dose + 21.1 T25; + 82.6 T125;; +98.7 Scale].exp
Ni

Where;

Cs _ae = individual predicted steady-state exenatide concentration (pg/mL) for the ith
subject at the jth measurement;

CrCLi = observed baseline CrCL (mL/min) in the ith subject;

Dose = indicator variable for the exenatide dose (mg) observed in the ith subject (1 = 2
mg and 0 = 0.8 mg);

T25ij = indicator variable for the presence of anti-exenatide antibody titer of 25 observed
in the it subject at the jth measurement (1 = titer of 25 else 0);

T125; = indicator variable for the presence of anti-exenatide antibody titer of 125
observed in the it subject at the jthnmeasurement (1 = titer of 125 else 0);

Scale = indicator variable for the presence of | ®“ manufacturing scale observed in the it
subject (1=/®® ando= ®® and

ni = interindividual variability random effect estimate for the it subject.

The model predicts that as CrCL decreases, mean steady-state concentrations increase,
primarily for subjects with mild to moderate renal impairment. For antibody titers of 25
and 125, additive shifts in steady-state concentrations of 21.1 pg/mL and 82.6 pg/mL are
predicted. The model predicts the highest mean concentration (825 pg/mL) for subjects
with moderately decreased renal function, an associated anti-exenatide antibody titer
level of 125, and the | ®® manufacturing scale. The model predicts the lowest mean
concentration (266 pg/mL) for subjects with normal renal function, a negative anti-
exenatide antibody titer level, and the| ®® manufacturing scale.

1.3.3 Pharmacokinetic/Pharmacodynamic Final Model for HbAlc

An inhibitory Emax model, with the estimation of 11V on Emax, described the relationship
between HbA1c and exenatide Css avej. The final exposure-response model included
baseline HbA1c, anti-exenatide antibody titer, and change in body weight from baseline
as significant predictors of Emax. A visua predictive check indicated that the PK/PD
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model generally described the data well. The final model characterizing the exposure-
HbA 1c response was described by the following equations:

HbA1Cj; = BHBA; —[Emax. Css_ave;j/83.5 + Css_avej]

Emax = [1.45* Exp((0.385.(BHBA-8)) _0.0533. (CHGWT; + 2.8) + 0.327 T20; + 0.229
T25;]Expn;

Where:

HbALcij = individual predicted HbAlc (%) in the it subject at the jin measurement;
BHBA.i = observed baseline HbA 1c (%) in the it subject;

css_aveij = individual predicted steady-state exenatide concentration (pg/mL) for the it
subject at the jth measurement;

CHGWTij = observed change in weight from baseline (kg) in the it subject at the jt
measurement;

TO;j = indicator variable for negative anti-exenatide antibody observed in the it subject at
the jthmeasurement (1 = titer of 0 else 0);

T25i = indicator variable for the presence of anti-exenatide antibody titer of 25 observed
in the ith subject at the jth measurement (1 = titer of

25 else 0); and i = interindividual variability random effect estimate for the it subject.

The estimated ECso of the relationship is 83.5 pg/mL. All median individual-predicted Css
avei Values for the 2-mg dose of exenatide QW exceeded the model-predicted ECso;
whereas, only 50% of those subjects administered 0.8 mg of exenatide QW had median
Cssavei VAl ues that exceeded the ECso.

1.4  Conclusions

1.4.1 Population Pharmacokinetic Analysis

The final population pharmacokinetic model for the long-acting release formulation of
exenatide describes average steady-state plasma exenatide concentrations following
either 0.8-mg or 2-mg doses once weekly and incorporates the influence of the following
subject covariates. baseline creatinine clearance, anti-exenatide antibody titer, and
manufacturing scale ( @® versus| @@

e The model predicts an increased exenatide exposure with decreased renal
function.

e Average steady-state plasma exenatide concentrations are predicted to be higher
in the presence of anti-exenatide antibodies than in their absence.

e A trend for higher mean exenatide concentrations is predicted at the
manufacturing scale as compared with the. ®® manufacturing scale.

e Based on the known clearance mechanisms of exenatide, the effects of creatinine
clearance and anti-exenatide antibody on exenatide pharmacokinetics were
expected and are in accordance with pharmacokinetic evaluations of the
immediate-rel ease formulation of exenatide.

e The statistical significance of manufacturing scale likely represents variability in
the dataset. Simulations of the changes in concentration required to induce a 0.4%

(b) (4)
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increase in HbA1c level found that predicted changes in Css avej Were clinically
insignificant.

The covariate effects of age, race, gender, ideal body weight, body mass index,
body weight, and concomitant metformin, sulfonylurea, and thiazolidinedione
were not found to be statistically significant predictors of the variability in steady-
state plasma exenatide concentrations.

A visua predictive check indicated that the PK model generally described the
datawell.

1.4.2 Pharmacokinetic/Pharmacodynamic Analysis of HbAlc

The exposure-glycemic response model was an inhibitory Emax model describing the
relationship between steady-state HbA 1c and average steady-state plasma exenatide
concentrations. The model incorporates the influence of baseline HbA 1c, anti-exenatide
antibody titer, and change from baseline in body weight as significant predictors of
maximum HbA 1c response.

For a given exenatide concentration, the decrease in HbA1c from baselineis
predicted to be greatest for subjects with high baseline HbA 1c and greatest weight
loss.

Controlling for other influential factors, the magnitude of the reduction in HbA1c
is greater for subjects who have a negative anti-exenatide antibody titer than for
those who are antibody positive. A greater response is predicted for subjects with
an antibody titer of 25 than with an antibody titer of 125.

All subjects who received the 2-mg dose of exenatide QW had median predicted
steady-state plasma exenatide concentrations that exceeded the model -predicted
ECso (83.5 pg/mL); of subjects who received the 0.8-mg dose of exenatide once
weekly, 50% had median predicted steady-state plasma exenatide concentrations
that exceeded the ECso.

The 2-mg dose of exenatide once weekly resultsin arobust clinical response.

The majority of the data associated with a 2-mg dose lies within the plateau of the
exposure-response curve. Simulations using the final population models
concluded that large changes in exenatide exposure would be required before a
clinically relevant change in HbA 1c response is licited.

The covariate effects of age, race, gender, and concomitant metformin,
sulfonylurea, and thiazolidinedione are not statistically significant predictors of
the variability in HbA1c.

A visua predictive check indicated that the PK/PD model generally described the
data well.
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Background:

Amylin Pharmaceuticals has submitted a NDA for Bydureon (exenatide for injectable suspension). The
proposed indication for Bydureon is as an adjunct to diet and exercise to improve glycemic control in
adults with type 2 diabetes mellitus. Bydureon contains the same active ingredient, exenatide, as the
commercial product Byetta (exenatide) injection (NDA 21-773). Byetta is administered twice daily
(BID) at doses of 5 mcg or 10 mcg by SC injection. Exenatide is an incretin mimetic agent that
stimulates glucose-dependent insulin secretion and has several other antihyperglycemic actions. In
contrast to the exenatide solution used in Byetta formulation, Bydureon formulation entraps exenatide
in biodegradable polymer microspheres that allow for extended release. Bydureon is also referred as
‘exenatide once weekly’ or exenatide LAR (long acting release) in this submission.
®@ ial, diluent in a
syringe, injection needles, and a vial connector. The exenatide once weekly dose is prepared by
mixing one vial of microspheres with one syringe of diluent. The resulting suspension 1s administered
by subcutaneous injection using the diluent syringe. Two milligrams of exenatide from each single dose
kit are to be administered subcutaneously once per week.

The exenatide once weekly drug product kit consists of microsphere powder in a
)@

The proposed dosing recommendation is as follows:

+ Exenatide LAR (2 mg per dose) should be administered once weekly. The dose can be administered
at any time of the day, with or without meals.

+ A reduction in the dose of concomitant sulfonylurea may be considered to mitigate the risk of
hypoglycemia.

Formulation:

4 b) (4
f(b)() (b) (4)

Exenatide once weekly consists of exenatide (drug load o w/w) and sucrose wW/W)
encapsulated within biodegradable @@ Holymer (poly(D,L-lactide-coglycolide) or
PLG; ™% w/w) microspheres that are designed to release therapeutic concentrations of exenatide over
an extended period of time. PLG is a common, biodegradable medical polymer. This polymer has a
history of use in human sutures, bone plates, and extended release pharmaceuticals. Once injected into
the body, the polymer degrades over time to lactic and glycolic acid, which are biologically safe
compounds, and releases exenatide by a combination of drug diffusion and polymer erosion. The
microspheres are suspended in an aqueous diluent ((Diluent, Injection)| ®®)) prior to injection. The
formulation selected, AC2993-F17, was submitted in the original IND and has been used in the clinical
development program starting with Studies 2993LAR-103 and 2993LAR-104 (Phase 2). It was also
used in the Phase 3 open-ended ongoing 2993LAR-105 clinical study. Based on these studies the
proposed exenatide once weekly dose of two milligrams of exenatide administered once per week was
selected.
Exenatide once weekly has been produced using drug substance from @ different suppliers. o
Mallinckrodt Inc., and Lonza, SA. In addition it has been manufactured af Ll
different scales. @@ and at two different manufacturing sites, Alkermes Inc. in
Wilmington, Ohio and Amylin Ohio, LLC in West Chester, Ohio. The 2993LAR-104 (Phase 2) study
and all studies prior to 2993LAR-104 were conducted using drug product manufactured at the | ©
scale. Study 2993LAR-105 (Phase 3) was started with material from this scale. Drug product from the
®® scale was introduced into this study at a later date. Amylin has developed a commercial scale
manufacturing process at the Amylin Ohio facility which has a nominal scale of = ®® per batch. Drug

3



product manufactured at the commercial scale and site has been introduced into the extension of
clinical study 2993LAR-105 to assess comparability with the drug product manufactured by Alkermes.
The results from this clinical comparability study are presented in 2993LAR-105 Comparability
clinical study report. In order to provide the similarity of clinical efficacy and safety of the Amylin-
manufactured (intended for commercial use) and Alkermes-manufactured (clinical development use)
drug products, clinical comparability was assessed directly via glycemic, pharmacokinetic, and safety
endpoints in the controlled study 2993LAR-105. Change in HbAlc was predefined as the primary
measure to establish comparability. This approach was discussed with the Agency (meeting minutes
dated 11/17/08).

Table: Exenatide once weekly drug product (F17 formulation) development overview

Clinical Study LAR-104" LAR-105 [1)" LAR-105 [2]° LAR-105 [3)° Stability Proposed Commercial
Drug Substance

Magufactwer | Mallinckrodt | |0 @)@ | LonzaMallinckrod: | Loaza Mallinckrod: | LonzaMallinckrodt | Lonza Mallinckrodt
Drug Product

" LAR-104 = phase 2 study

® LAR-105 [1] = phase 3, Cobort 1 from April 06 — April 07

¢ LAR-105 [2] =phase 3, Cohon2ﬁ'cmFebo7ﬂnoughendofsmdy
4 LARlOS[3 = ph ; ) .

Pharmacokinetic properties:

A single dose of exenatide once weekly exhibits multiphasic release over approximately 10 weeks with
complex release characteristics: an initial period representing release of surface-bound exenatide
(Phase 1) followed by 2 subsequent peaks representing the hydration (Phase 2) and erosion (Phase 3) of
the microspheres. Repeated, once-weekly administration of exenatide once weekly at the 2-mg dose
results in overlap of the single-dose release profiles and a gradual increase in the average plasma
exenatide concentration, until steady-state concentrations are achieved after approximately 7 weeks.
Considerable overlap in circulating exenatide concentrations was observed for the majority of subjects
across the BYETTA and exenatide once weekly studies.

The population pharmacokinetic analysis of exenatide once weekly indicated that, compared to those
with normal renal function, the median Css ave for subjects with mild and moderate renal impairment
was 22.8% and 74.3% higher, respectively. Similar to Byetta, population pharmacokinetic analyses of
exenatide once weekly indicated that age, gender, race, and body mass index (BMI) do not influence
the pharmacokinetics of exenatide.



Overal, no dosage adjustments are proposed for age, gender, race, BMI, antibody status, or hepatic
insufficiency. No dosage adjustment of exenatide once weekly is proposed in patients with mild to
moderate renal impairment. Exenatide once weekly is not being recommended for use in patients with
severe rena impairment or end-stage renal disease. Exenatide once weekly has not been studied in
pediatric patients.

Table: Summary of key PK parametersfollowing administration of exenatide once weekly 2 mg
on Day 1 and Week 29-30 (study 2993-L AR-105)

Creometric
FParameter Units n Mean (5E] [1] CWli [2] 10°, 90™ Percentile

Dy Losesn

Lo pe/ml 27 2250243 76.1 134 B43

g - h 127 4.0 1.5, 60
Weel: 20 to Weel: 30 Dosing Interval,, .,

Cavws peml 114 3002 23.4) 608 1451, 7022

S pz/ml 114 432.7(35.T) £6.3 2139, 1184.1

g h 114 2.8 1.2, 1678

ALTC, peE-bml 114 50,454 (3931) G0.7 24,274, 117,796

ATICss = steady-starz area vmdsr the concentration-fime carve; Crmas = maimum concsntraton;
Czg ave = steady-state averaze concenfration: 53 max = steady-stats magisnmm conosnmaiom,
5D = standard deviation: 3E = stndard emor; Tmax = fime 10 maximum oncenTation;

Tz max = time to steady-state maximmy CoDCEnTaieD.

[1] Geometmic Mean = exp(mean{log00); 3E of Geomemic Mean = Gapmemic Mean x 5E of Mean(logX)). For Tmaz
and Tss max, median is displayed instead of geomefric mean and both median and percentiles are based on the raw
valuzs.

[2] CW2e = 100x 50/ Maan.

Cross-Reference; Smdy 2903LAR-105, 50521224

The table below shows the studies that were used to obtain clinical pharmacology information for
exenatide once weekly.

Table 1: Studies Providing Clinical Pharmacology Data Eegarding the Exenatide Once Weeldy
F17 Formulation

Subjects
Exenatide

Study Identifier Exenatide Once Weekly Study Once Weeldy
Smudv Desien Dosing ' Duration FPopulation  Enrolled Treated [1]
1903LAR-102 Single SC jnjerton: Healthy 21 10
Phase 2, randomized, 15mg subjects
open-label S-week observaton period
100ILAR-103 Sinzle SC injecton: Type 2 68 47
Phasza 2 randomized, 2557 or 10mg dizbetes
single-blind [2], 12-week observaton period
placebo-conmolled
1003LAR-104 Waekly SC injections: Tvpe 2 47 il
Phasa 2 randomized, 0.2 mg or 2 mz dizbates
double-blnd, 15-weaek meamuant period and
placebo-conirolled 12-waek follow-up peried
1003LAR-105 Weeklv S€ injections: Tvpel 303 273 [4]
Phase 3, randomized, Img dizbates
open-label, 30-week meannent peripd amd
comparator-conmollad [3] open-ended meanuent period
BLCE-107 Single SC injection: Healihy 120 a0
Phase 1, open-label Zor 10 mg subjects

101 day obsarvation period

5C = suboutameous.

[1] Subjects wearzd with the F17 fonmulation of exeratide once weskly

[2] The chinical study report designated Stady I893LAR-103 as double blind. In this document, this extent of shudy
il i to s single blind (1e., the subjects, investizator, and study-site personne]l wars blindsd [excapt

ispensing smdy medication]).

[31 EYETTA Smecz EID for 4 weeks followed by BYETTA 10 mce BID for 26 wasks.
[4] Includes subjects exposed o enenatide once weekly during the 30-week assessmert period and'or the open-ended
azsessment period.

Steady-state pharmacokinetic and pharmacodynamic response (HbA1lc) data were evaluated with
population PK analysis using data collected during the Phase 2 Study 2993LAR-104 and the long-term,
Phase 3 Study 2993LAR-105. The population pharmacokinetic model described the data by estimating
the overall population mean, Css ave expressed as a function of dose. The final model predicted that
mean steady-state plasma exenatide concentrations would increase as creatinine clearance decreased or
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as the titer of antibodies to exenatide increased. Sponsor’'s exposure-response modeling of data from
Studies 2993LAR-104 and 2993LAR-105 using HbA1c as the response variable demonstrated that
steady-state concentrations of exenatide following a 2 mg dose were substantially higher than the
concentration required to reach half-maximal effect (ECso) derived from the exposure response model.
Weekly dosing with 0.8 mg resulted in lower exposure leading to a reduced glycemic response and no
weight loss. Sponsor concluded that since the majority of the 2-mg data lies within the plateau of the
exposure-response curve, the evaluation confirmed that an exenatide once weekly 2-mg dose is an
appropriate dose.

Figure: HbA1c versusindividual predicted Cssav overlaid with the model-predicted exposure-
response curve

L7 "'} Exenatide Once Weekly 0.8 mg
|, -, Exenatide Once Weekly 2 mg
— -.'_: -
#£ B gl
s |
- { . i 1
3.4 $00 3
T 61 == o =
44 ; ......

0 500 000 1500 2000
Predicted C_, .. Plasma Exenatide (pg/mL}

Css ave = average steady-state concentration; EC30 = concenfration reguired to reach balf-maximal effect
HNodes: Change m weight and baselme HbAlc were fived to the populaton median valhes.

- The linz :ep:e;et'.? the population mean predicted HeAlc for subjects with negative anfibody titer.
- The shaded rezions represent the 25th to 75th percentiles of the predicted Css ave for each dose
- The arrow and dashed line at 835 pg'ml represents the population mean EC50.

Bioanalytical Methods:

The sponsor has submitted three new biocanalytical study reports in this submission and referenced
exenatide analytical study reports from the Byetta NDA 21-773. The three analytical reports include:

REST080143: The effect of antibodies to exenatide on the spike and recovery of exenatide in human
plasma specimens from an exenatide once weekly study

REST090029: Acetaminophen in human plasma

REST080375: ELISA to detect human antibodies against exenatide in serum (validation report)

Conclusions. NDA isfilable from Clinical Pharmacology perspective.
DSl Inspection: No DSI inspection needed for clinical pharmacology studies. The following clinical
study will be inspected.

The comparability of the to-be-marketed formulation to the clinical trial formulation is critical. Study
2993LAR-105. The study information is as follows:

Study: 2993LAR-105



Exenatide Once Weekly Clinical Study Report 29093LAR-1035
Clinical Study Report for Comparability Assessment Period

A RANDOMIZED, OPEN-LABEL, MULTICENTER,
COMPARATOR-CONTROLLED STUDY TO EXAMINE THE EFFECTS OF
EXENATIDE LONG-ACTING RELEASE ON GLUCOSE CONTROL (HBAIC) AND
SAFETY IN SUBJECTS WITH TYPE 2 DIABETES MELLITUS MANAGED WITH
DIET MODIFICATION AND EXERCISE AND/OR ORAL ANTIDIABETIC

MEDICATIONS
Phase 3
Investigators: Multicenter - 27 sitas
Central Laboratory Facilities:
Contract Research Organizations:
Responsible Medical Officer: Lisa Porter, MD, Vice President. Clirical Development
Medical Monitor: Lisa Porter, MD, Vice President, Clinical Development
Simon Bruce, MD, Senior Director, Clinical Development
Safety Phy:icians: Irina Yushmanova, MD, Senior Director, Global Safety

Oleg Martynov, MD, Director, Global Safety



Clinical studies:
A brief description of the clinical studiesis mentioned below:

2993LAR-105 Comparability study: This was a phase 3 randomized open-label, comparator controlled
multiple dose study in T2DM patients to demonstrate that exenatide once weekly from 2 different
manufacturing sites exerts a comparable clinical response on glycemic control (HbA1c).

BCB107: This was a Phase 1 study to evaluate the single dose PK profiles in heathy subjects of
different formulations of exenatide once weekly to support IVIVC analysis.

ALK23-001: This was a Phase 1 study in healthy subjects to determine safety and tolerability of 3
formulations of exenatide once weekly following sc administration.

2993LAR-101: This was a Phase 2 randomized, single-blind, placebo controlled single dose study in
T2DM patients to assess the safety of single SC injection of exenatide once weekly presented in one of
two formulations. The formulation used in this study was not used for further devel opment.
2993LAR-102: This was a Phase 2 open-label, single dose study in healthy subjects to assess the safety
and tolerability of a single sc injection of two formulations of exenatide once weekly. Of the two
formulations, the F17 was selected for further evaluation.

2993LAR-103: This was a Phase 2 randomized, placebo-controlled single-dose study in T2DM
patients to assess the PK following sc administration.

2993LAR-104: This was a Phase 2 randomized, double-blind, placebo-controlled, multiple-dose study
in T2DM patients.

29933LAR-105: This was a Phase 3 open-label, comparator controlled multiple dose study to compare
the effect on HbA1c as compared to Byetta BID for 30 weeks.

H80-JE-GWBW: This was a Phase 1 multiple dose study to assess the safety and tolerability of
exenatide once weekly administered for 10 weeks by SC in Japanese T2DM patients.

Tabular listing of all clinical studies:
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pharmacekinetic profiles of | Parallel-zroup | 10 mg F17 AzEesimar the propesed commerncial
formmizxtions of exenatds (Lot Mo peried formulation [F17], a fast-releasing
once weekly to suppen in S426-237TCA) followedbya | formulstion [F18], and 2
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postprandial plasma Valume equivalen: TR
ghacosa, HbAle, and semim a:lui“_E.T‘_.
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103 + To2ssess tha P of 2 single | Ramdomized | Wekly 5C .1 16 subjects diabetes BYETTATID | weekly progressivaly mcreased
SC injection of exenaride | Single- 15mgFl17 weated with | mallinus lzad-imperiod | with dose for each of the
omce weekly bind [1] SmgF17 dier and :'l_:]l.m\ed tﬂ; a 4 meatmsnt grovps a5 determinad
+ Tio aszess the safery and Flacebo- TmeFI1T exprcise sipgle SC doze | by AUC, Cop 2md Cog
tolenaibility of 2 5jr_'§|,e 5C contraliad 10 .—jg F17 46 subjects MM:‘“—# » The F17 formulation a1 the doses
miaction of exenatde once | Single-dose treated with oace weskly tested (2.5, 5, 7. or 10 mg) had
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exznatide coce weekly on:
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concentrations, and fastng
serum jnsulin and plasma
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JOBILAR- |Pomary Objectives FPhasa 1 Exenatide Once ] il Tips 2 3-day = The mean pharmacokimeric profile
14 « To assess the mfary and Papdomezed | Weekly SCQW | 18 subsacts diabetes EYETTAERID | chowed sustained plasma exepatide
tolenbility of exenatide Double-blind | 0.8 mgFi7 treated with mellines o7 placebo concenirations, with frgs
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admrmistered for 15 wesks Placeho Once euerrise and Placeba once | placma glucoss. and postprandial
by 5C injection Weeldy 5C QW metfommin weekly plasma glucoss; dose-relaed
Secondary Objectives I Sl Lr'Fl.Tp:" dunng Lmprovements in body weight and
» To examine the effect of R L et reductions in pestpramdial
exananids cacs waskiy AN FeT, excuszions were observed
adnyimistered for 13 weeks P_Ell'_"t":' 5‘_53?3 p-;mnd and « Fammation of antibodies to
by SC injection ot gucose Vaolume equovalen: l_—:’f“E‘_ﬂ_ exanatids was not predictiva of
conmal (HbALS) ““."—;“nm individnal afficacy response or
« To examine the effiects of P adversa safery outcomes.
exematide cace weskly » Weekly 3C injections of
acdmvmistered for 13 wesks exenatide once weekly over
on the followmg: body 15 weaks of therapy appearsd fo be
waight and fasing and safe, effectve, and well tolarated
postpramdial ghicoss in suhjects with type 2 diabetes.
Concentrations Adwverze everts were rypically mild
to moderate m intepsity. The 2 mz
dose of exenatide once weekly was
salectad for fiumther development
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I983LAR- imary Objectves Fhass 3 Ezenatide Once 293 sybiacys Tips 2 3-day = Treatment with exenatide once
105 « To compane the affect on Pandomized Weekly 5C QW [zubjects may | diabetes BYETTABID | weskly and BYETTA resulted in
glucoss conmol, as Opan-label Img F17 ke melline lead-in period | robust improvemerss in ghycemic
measurad by HbAlc, of Comparstor- represented in followed by coniral in subjects with type 2
exanatids coce waakly cootrollad EYETTA SC EBID | koo D?JI\ ERENANLE 0002 diabates, a5 maanmed by HaAlc,
acdmimisterad by 3C Multiple-dose | 3 mecg 1 category) weskly or fasting amd postprandial plasma
miection to that achieved by 10 :m;g 24 zubjacts EYETTABID | ghacose concentrations. The
BYETTA admiristerad SC p treated with therapy during | imyprovesmests in HbAlc and
BID for 30 wesks diet and A M-wask fasting plasma glucose
» To exapine the safaty and exarclse only AsEesimRL] concemtratons chserved with
tolerability of suenatide 105 subjects period and examatida pace waskly reatment
omce waskhy adinisterad maatad with exenAnGe 002 | were stadstically sipmficantly
50 far 30 weeks mstformin weekly superior to those observed with
» To examine ghucoss comrol alops therapy durng | BYETTA therpy.
durnz the mansition from 0 subiects “r-“‘r"me:‘m!‘j o Trestmer: with both exenatde
trextment wit: BYETTA meated with e coce weekly d BYETTA
adndmiztered SC BID ta TZD alons p=n I.'Ej.‘!.LTEd in clinically meanipefial
exznatids poce weakly 1 subjects wozighs loss.
acministered SC weaind itk » Exenatide once weekly and
Secopdary Objectives I alone BYETTA exhibied 2 similar
= To exacine the effects of 116 subiacts =_-’-ﬁ3"‘ proiile.
exanatide once weakly treaiad with +Exenztide once weekly and
administered SC for matformin EVETTA ware generally well
30 wesks on the followins: ot tolerated and withdrawals due to
body weight fasting and Combination adverse events wers [niTeguent.
postprandial ghicess and 100 subiacs Adverse events were genenally
msulin conceriratons; P mild to pnoderate in mosnsity
fasting ghicazon; proinsulm giulﬂﬁ = Compared to subjects treatsd with
and lipid conceniradons; 3 BYETTA, subjects treated with
rate of gastic emptying as b, exznarids coce weekly had 2 lower
assessed by the app=arance e inctdence of navsea and vomiting
of circulating ] E-Ie'as'eﬁ?r:':. » A higher fncidence of injecton-site
acesamingpher; exsnatids T":‘ Al 2 related adverse svents (most
FE; HOMA: and FROs m mL” BT commonly prariies, urdcara, rash,
temms of the change in o and ervihiema) was observed m

satisfaction with meament
and the impact of weighs
change oo quality of Life

exznarids coce weekly suijects
compared 0o BYETTA subjects.
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» To eamine the incidenca » The incidencs of
and rate of hypaghyoemic reammsnt-smeTgent antibadies to
events associated with the sxenatide was EreatsT with
proactive approach to 5U euenatide ance weekly thempy
management (reducing the thizn BYETTA therapy. However,
5U dose upon initiation of 23 observed with BYETTA. the
exanatide eace waskly ansibody stz of a indovidual
rextment) far subjects usins reated with exenaiide once weekly
a concomitant 517 was not predictive of endpoint
» T examine the long-term TeSpOnsE of Aoy major adverse
(an Least 52 weeks of safety outcome
meaiment) effect on glocese
conol (HeAld) of
exanatids once weakly
acdministered 5C
» Tio assess the bong-term (at
laast 52 weaks of weament)
safaty and tolerablity of
exznatides coce weekly
adninistered 5C
Test Products Number of
Study Design Eoute of Subjects Diazmosis Duaration
Study and Type of Administration (Intent-to- of of
Tdentifier Objectives of the Study Control Fezimen Treat) Sobjects Study Eey Ouicomes
HEO-JE- |Primary Objective; Fhasa 1 Exenatide Once 30 Japanas Type2 Exgpatide » Weekly 30 injections of
GWBW » Ta 235235 the saferr zmd Fandomizad Weelkly 5C QW subjects with | diabetes poce weskly exanatida ooce weskly over
tolarability of exenatide Double-blind | 0.8 mg FI7 28 mchudad in | mellins or placebo 10 wesks of therapy (with no lead-
omce weekly administerad | Placeho- ImeFI7 e fall oace weekly in period with BYETTA BID)
for 10 wasks by 5C controlied - aralvsis sat therapy durng | appeared to be safe, effactive, and
mjection in Japanese Multiple-dose | Placebo Once a Li-wask well tolerated in Japanese sabjects
subjects with type 2 Weekly 5C QW 11 subjects Azsesamant with rype I dinbetes ma_lJ?us..
diabetes mellins. Valume squivalans | reated wich peried and Advarze events were mild to
Secandary Objective: dietand L10-week moderatz in intensity and did nos
R ——— sxuarrise n':lsg'rnl:im Lead 1o withdrawal from the stady.
pharmacokinesics acd 0 subiects pericd Io serious adverse events wera
pharmacodynamecs of treated with repormed )
exanatide ooce waskly 517 alome + Pharmacakivesic phservations were
admimistered for 10 wesks 5 subjecss generally similar to that reported
by 5C injection iz Japamesa sraated with previgusly
subjects with type 2 e » Improvemsnts in ghycemic conmal
diabetes mellins. alons orin upen execatida ooce weekly
combication therapy were demonstrated as
with 517 reductions in HbAle, fasting
4 subjects p%nsm.’. i]]w:nse. and postprandial
treated with plasima glucose
TZL alone or
in
combination
with 517

AUC = area under the time-concentration curve; BID = twice daily; C,., = average concenimation: Cpe = maxiemm coocenmation; HOMA = homeostatc model assessment;
DVIVC =i vitro'tn vivo comrelation; W = once weekly, PE = phammacokinetics; PR = patient repormed ouwtcomes; 5C = suboutameons; 51U = sulfonyhoea;
TID = 3 times daily, TZD = thinzolidinedions.

[

2003LAR-101, and 2893LAR-103 as dovble-blind In this docvment, this extent of snady blinding s referred w

a5 simgle-blmd (12, the subjects, mvestigator, and smdy-site persommel were blinded [except study-site saff dispersing study medication])
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