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Cross Discipline Team Leader Review

1. Introduction

This document contains the summary review for New Drug Application (209210) for Bydureon 

Bcise, (exenatide extended-release) injectable suspension, a drug-device combination product 

consisting of a non-aqueous formulation of exenatide in a prefilled autoinjector. The drug 

product in this review is abbreviated EQWS (‘exenatide q weekly suspension’).  The reader is 

referred to the multiple discipline reviews for a more detailed discussion of the issues. 

This memo relies upon or references the following documents:

Subject Author Date in DARRTS

Clinical Efficacy and Safety review Dr. Mahtab Niyyati 2017

Biostatistics review Dr. Yoonhee Kim 14 Sep 2017

Office of Clinical Pharmacology 
(OCP) review

Dr. S.W. Johnny Lau 21 Aug 2017

Nonclinical Pharmacology 
Toxicology review and supervisory 
memo

Dr. Huiqing Hao
Dr. Ron Wange

28 Sep 2017
29 Sep 2017

Quality review Dr. Suong Tran 20 Sep 2017

CDRH consult review for device 
constituent

Dr. Rong Guo 15 Sep 2017

Office of Biotechnology Products 
consult review

Dr. Rong Wang

Office of Prescription Drug 
Promotion (OPDP) labeling review

Dr. Domenic D’Alessandro 12 Oct 2017

Division of Medication Error 
Prevention and Analysis human 
factors validation study review

Dr. Ariane Conrad 8 Sep 2017

Division of Medication Error 
Prevention and Analysis proprietary 
name granted memo

Dr. Todd Bridges 13 Mar 2017

Clinical Inspections summary Dr. Cynthia Kleppinger 29 Aug 2017
Pediatric Review Committee 
Meeting Minutes

NA 16 Aug 2017
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2. Background

Exenatide is an antidiabetic therapy in the glucagon-like peptide 1 class. It improves glycemic 

control in patients with type 2 diabetes mellitus by stimulating glucose dependent insulin 

secretion, reducing glucagon secretion, and possibly slowing gastric emptying. Exenatide-

containing products currently approved in the United States are Byetta (NDA 021,773) and 

Bydureon (NDA 022,200) which both have the same sponsor as in the current application.  

Byetta, approved in 2005, is administered as a twice daily subcutaneous injection while 

Bydureon, approved in 2012, is administered once weekly and comes as a powder requiring 

reconstitution before subcutaneous injection. The rationale for development of Bydureon Bcise 

was to eliminate this reconstitution step; the Bydureon Bcise device constituent (autoinjector) 

comes prefilled with the non-aqueous suspension for injection.  Note that the long-acting nature 

of both the approved Bydureon and Bydureon Bcise formulation comes from the same 

microsphere drug delivery technology which uses biodegradable polymeric microspheres to 

‘entrap’ exenatide allowing release over days to months. The difference between Bydureon and 

Bydureon Bcise is limited to the vehicle/diluent, i.e. aqueous vs. non-aqueous, and consequently, 

the steps patients need to take to administer the drug.

The regulatory background for the Bydureon Bcise development program is discussed in Dr. 

Niyyati’s review. There were no presubmission regulatory issues that notably impacted the NDA 

review.

3. CMC / Device

CMC

The integrated Quality review recommends approval of this NDA. I agree with the summary and 

conclusions reached by the application technical lead, Dr. Tran, that there are no CMC issues 

precluding approval of this NDA. The pivotal Phase 3 studies were conducted with the 

commercial drug product formulation, manufactured at the commercial drug product 

manufacturing site at an acceptable pilot scale (>  commercial scale). However, the 

device constituent used was not the one that is intended to be commercialized.
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A summary of the Quality findings is included below. Please see the integrated Quality review 

for further details.

Drug Substance: The drug substance, exenatide, a small (39-residue) synthetic peptide, is the 

same as that in approved NDAs for Byetta and Bydureon as described above. Therefore, the 

Quality review references the NDA for Byetta (021,773) for all CMC information on the drug 

substance, and there is no new information in the current NDA, i.e. for Bydureon Bcise. The 

API, exenatide, is manufactured by 

Drug Product: The differences between the new product and the approved Bydureon include the 

dosage form, diluent, and delivery system: The Bydureon Bcise drug product is a suspension for 

subcutaneous injection, packaged in a single-dose autoinjector.  The autoinjector delivers 2 mg 

of exenatide in 0.85 mL of the diluent.

The formulation consists of drug microspheres [  exenatide with the following 

excipients: (per 0.85 mL) 0.8 mg sucrose and  mg 50:50 poly(D,L-lactide-co-glycolide)] in a 

non-aqueous, medium-chain triglyceride diluent.  

 There is no novel excipient, and there is no 

human/animal-derived excipient. The diluent/excipient MCT is not ‘novel’ because it has a USP-

NF monograph and it has been used in approved products; however, it is generally used in 

parenteral nutrition emulsions that are not intended for chronic use. See Section 4 for discussion 

of qualifying MCT for chronic use.

Drug Product specifications: there is no difference in the degradants between Bydureon and 

Bydureon Bcise. The specification includes the same degradants that are approved for

Bydureon with slightly higher limits, which are supported by qualification information. The limit 

on Total Impurities is the same % for both products.
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Primary container closure system: The primary packaging materials are a 2.0 mL USP

clear glass cartridge with a  plunger on one end and a

aluminum cap on the other end. The cartridge is pre-assembled into the autoinjector.

Expiration Date & Storage Conditions: The shelf life of the drug product is 36- month at at 2-8 

°C with an in-use storage for up to 4 weeks at room temperature, protected from light.

Facilities: CDRH Compliance found no issues with the overall facilities inspection.

Environmental assessment: The sponsor requests a categorical exclusion from the need to 

prepare an environmental assessment in accordance with 21 CFR 25.31 (b). The Quality review 

states that the claim for the categorical exclusion is acceptable.

Device 

CDRH recommends approval of the NDA based on review of the device constituent part of the 

combination product including review of the design taking into consideration the intended users, 

essential performance characteristics, biocompatibility, sterility, and risk analysis including 

functional failures, etc. I agree with the summary and conclusions reached by the CDRH 

consultants that there are no device-related issues precluding approval of this NDA. Although the 

to-be-marketed autoinjector was not used in the clinical trials, all design verification and design 

validation testing which is included in this submission has been conducted on the to-be-marketed 

autoinjector. Two design changes were made to the clinical autoinjector after clinical trials were 

completed that addressed the issue that the autoinjector used in clinical studies did not pass the 

statistical requirement . Based on a side by 

side comparison of the original and revised design, CDRH concluded that that these two changes 

were minor and not likely to affect the autoinjector’s essential performance, and the clinical 

device experience gained using the autoinjector within phase 3 pivotal studies is applicable to 

both the clinical and to be marketed version of the autoinjector and the final to be marketed 

autoinjector is fit for its intended use.
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For a discussion of the findings of the human factor validation study for use of the autoinjector 

please refer to Dr. Conrad and/or Dr. Niyyati’s review.

A summary of the device constituent review findings is included here. Please see the CDRH 

consult memo for details.

The autoinjector is manufactured by  
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4. Nonclinical Pharmacology/Toxicology

The overall recommendation of the Nonclinical Pharmacology/Toxicology review is for approval 

of this NDA. I agree with the conclusions of the nonclinical reviewers that there are no 

outstanding nonclinical issues precluding approval.

Exenatide is the active ingredient in the approved products Byetta and Bydureon (same sponsor 

as Bydureon Bcise). As the sponsor has previously characterized the pharmacologic, 

pharmacokinetic and toxicologic profile of exenatide and exenatide microspheres, the nonclinical 

bridging program was primarily designed to assess the safety of the diluent/vehicle in the drug 

product: medium chain triglycerides (MCT), i.e. bridge the aqueous to the non-aqueous 

formulation. MCT is considered to be a novel excipient (in the US) when employed for chronic 

use via SC injection, but are a typical lipid component of parenteral nutrition products approved 

in the US and at much higher doses than those achieved with anticipated use of Bydureon Bcise 

(774 mg of MCT per week).

Studies included a single-dose, local tolerability study in rats, and 4-week and 13-week toxicity 

studies in monkeys. Dr. Wange noted that in the sub-chronic monkey study, granulomatous 

inflammation (graded minimal to severe) was observed at the injection sites in monkeys treated 

with EQWS and in monkeys treated with the PLG microspheres (without exenatide). This is 

primarily a response to the microspheres (i.e., a foreign body reaction), although the presence of 

exenatide caused a modest increase in severity of this finding in female monkeys. This pattern 

agrees with the monkey injection site histopathology seen with Bydureon. MCTs, by themselves, 

caused only a minimal, transient granulomatous inflammatory response at the injections sites. 
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Together, the rat and monkey data do not indicate an increased risk for injection site reactions 

arising from the presence of the MCT vehicle.

The nonclinical reviewers concluded that the MCT diluent is acceptable for the intended use of 

the product, i.e. chronic use, and that the MCT vehicle did not exacerbate adverse events 

attributed to exenatide, and that subcutaneous MCT administration was not itself associated with 

new toxicity findings.

5. Clinical Pharmacology/Biopharmaceutics 

Clinical pharmacology was reviewed by Dr. Lau. Dr. Lau and his team leader Dr. Khurana 

recommend approval of this NDA. I agree that there are no clinical pharmacology issues 

precluding approval. It should be noted that due to feasibility issues and design challenges, the 

sponsor did not propose to submit the EQWS NDA with only bioequivalence assessment to the 

marketed Bydureon formulation. It follows that no pre-submission discussion between the 

Agency and sponsor occurred on this topic, and it is not relevant for this NDA to comment on 

whether that approach would have been acceptable.

The application contained one clinical pharmacology study: Study BCB110, a 2-cohort, single- 

and repeat-dose study intended to examine the pharmacokinetics (PK), tolerability, and safety of 

EQWS in healthy volunteers and in patients with type 2 diabetes mellitus (T2DM).  Population 

PK and exposure-response analyses were also submitted based on the Phase 3 study data. A 

summary of high level clinical pharmacology findings is provided below.

Study 110 had two cohorts. Healthy volunteers (N=30) participated in a single dose PK study in 

which 10 mg of the exenatide non-aqueous formulation was administered and PK data were 

obtained over the following 12 weeks.  In cohort 2, patients with T2DM participated in a 

randomized, multiple dose PK study in which 2 mg of the exenatide non-aqueous formulation 

(N=23) or MCT placebo (N=12) was administered weekly for 12 weeks.  Cohort 1 was primarily 

used to determine whether there was an early-release exenatide peak obtained with the new 

formulation and so a dose much higher than the clinically relevant dose was used. Results 
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showed that plasma exenatide concentrations increased slowly over time upon injection and 

peaked at about Weeks 6 to 7, and no early-release exenatide peak was observable within the 

first eight hours postdose. Cohort 2 tested the 2 mg dose that the sponsor proposes to market. 

Plasma exenatide concentrations increased over time upon multiple dosing and peaked at about 

Week 10 and achieved a geometric mean concentration of 310.0 (49.80) pg/mL.

Plasma exenatide concentration versus time profile for Study BCB110 Cohort 2 after 2 mg 
weekly doses for 12 weeks - from Dr. Lau’s review

In Phase 3 study 118, described below, blood samples for plasma exenatide measurement were 

drawn in a subset of patients at baseline and at Weeks 2, 4, 6, 8, 10, 12, 16, 20, 24, and 28. 

Results showed that plasma exenatide concentrations increased between Day 1 and Week 10 

with once weekly 2 mg EQWS. From Weeks 10 through 28, plasma exenatide concentrations 

remained stable, indicating steady state achievement. The geometric mean (SE) steady state 

average plasma exenatide concentration between Weeks 10 and 28 was 208 (8.99) pg/mL.

Similarly, in Phase 3 study 120, samples for plasma exenatide measurement were drawn at 

baseline and at Weeks 8, 16, and 28, and at 10 weeks after the final visit.  The data showed that 

by the time of the first post-baseline assessment plasma exenatide concentrations had reached 
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steady state. The geometric mean steady state average plasma exenatide concentration was 153 

(9.75) pg/mL between Week 16 and Week 28.1

The reader may have noted that the average steady state plasma exenatide concentration was 

lower for Study 120 when compared to study 1182. Renal function estimated by glomerular 

filtration rate3 (eGFR), ideal body weight4, and anti-exenatide antibody titer are main covariates 

that affect exenatide exposure. After accounting for differences in eGFR and ideal body weight 

between studies, and limiting PK assessments to data from patients with anti-exenatide antibody 

titers ≤ 1/625, the average steady state plasma exenatide concentration from study 120 was 

estimated to be only 14% lower than that of study 118. I agree with Dr. Lau’s conclusion that the 

clinical relevance of the difference in average steady state plasma exenatide concentration 

between study 118 and study 120 is minor because the observed exenatide exposure-response 

relationship from study 118 is like that observed from study 120 and in both studies, and average 

steady-state plasma exenatide concentrations in both studies exceed the estimated exenatide 

EC50
5 (which is the concentration at which exenatide gives a half-maximal response).

6. Clinical Microbiology 

See Section 3: CMC

7. Clinical/Statistical- Efficacy

1 Derived estimates excluded exenatide plasma concentration samples corresponding to high titers (≥ 1/625) of anti-

exenatide antibodies. However, the clinical pharmacology reviewer states the exclusion of the antibody titer outliers 

did not meaningfully affect estimates of parameters in the population PK model.
2 Both estimates are lower than that calculated for Bydureon: 265.8 (20.9) pg/mL. See NDA 022,200.

3 Exenatide is predominantly eliminated by glomerular filtration. Thus, higher eGFR will lead to higher

clearance of exenatide and subsequently lower average steady state plasma exenatide concentration.
4 Lower ideal body weight would be expected to lead to higher average steady state plasma exenatide concentration.
5 The estimated exenatide EC50 is 51.4 pg/mL when exenatide antibody titers are < 125 and 84 pg/mL when 

exenatide antibody titers are >= 125. These exenatide EC50 estimates are consistent with the exenatide EC50 

estimate, 83.5 pg/mL, from the FDA Clinical Pharmacology review of BYDUREON.
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Clinical and statistical efficacy were reviewed by Drs. Niyyati and Kim, respectively. Both have 

recommended approval of this NDA. I agree that there are no clinical or statistical efficacy issues 

precluding approval.

The sponsor conducted two ‘Phase 3’ clinical safety and efficacy studies conducted in U.S. adult 

patients with type 2 diabetes for the EQWS NDA: Study BCB118 and Study BCB120. An 

overview of the studies is shown in the table below. The two submitted trials were those agreed 

upon in presubmission meetings between the Agency and sponsor.

Overview of Clinical Studies in Bydureon Bcise NDA
BCB118 BCB120

Design features EQWS vs. exenatide twice daily (Byetta)
Randomized 3:2 and stratified by diabetes 
management at screening, HbA1c at screening, 
and renal function
Open-label
Parallel group + Uncontrolled extension

EQWS vs. sitagliptin (vs. placebo)
Randomized 3:2:1 and stratified by screening 
HbA1c
Open-label
Parallel group

Background 
therapy

diet and exercise alone or in combination with 
a stable regimen of oral antidiabetic 
medication, including metformin, sulfonylurea,
pioglitazone, or a combination of any 2 of
these agents

Inadequate glycemic control while taking ≥ 
1500mg metformin daily

Endpoint Change in HbA1c at 28 weeks + 24 week 
extension in which all subjects received EQWS

Change in HbA1c at 28 weeks

Primary 
Hypothesis 
Tests

1) Non-inferiority to Byetta (margin 0.35%)
2) Superiority to Byetta

1) Superiority to placebo
2) Non-inferiority to sitagliptin (margin 0.3%)
3) Superiority to sitagliptin

The protocol designs were overall adequate. The primary efficacy variable for the two studies 

was change from baseline in HbA1c (%) at the end of the treatment period. HbA1c is an 

appropriate endpoint because

a) HbA1c is a widely-accepted, objective, surrogate measure of glycemic control that 

correlates well with mean blood glucose over the preceding 1-3 months (Nathan DM 

1984).

b) The National Glycohemoglobin Standardization Program (NGSP) has established and 

promulgated standardized assays for HbA1c based on data from the Diabetes Control and 

Complications Trial (DCCT). Use of standardized methodology has reduced inter-
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laboratory coefficients of variation to <5% (College of American Pathologists 1999; 

Goldstein 1982).

c) HbA1c has excellent reliability, predicts several diabetes-specific complications, and 

provides the current basis for treatment decisions (American Diabetes Association 2008).

d) Lowering HbA1c reduces microvascular complications in patients with type 1 and type 2 

diabetes (Diabetes Control and Complications Trial Research Group 1993, UK 

Prospective Diabetes Study (UKPDS) Group 1998) and possibly macrovascular 

complications in patients with type 1 diabetes (Diabetes Control and Complications 

Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) Study 

Research Group 2005).

For these reasons, the FDA draft guidance entitled Guidance for Industry, Diabetes Mellitus:  

Developing Drugs and Therapeutic Biologics for Treatment and Prevention 

(http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/u

cm071624.pdf) states, “For purposes of drug approval and labeling, final demonstration of 

efficacy should be based on reduction in HbA1c (i.e., HbA1c is the primary endpoint of choice, 

albeit a surrogate), which will support an indication of glycemic control.”

Dr. Kim noted that the noninferiority margins for both studies (0.35% for study 118 and 0.3% for 

study 120) were adequately justified based on historical evidence of how the comparators would 

be expected to perform in a study with metformin as background therapy.  Power calculations to 

achieve > 95% power to show non-inferiority of EQWS to Byetta (study 118) and non-inferiority 

of EQWS to sitagliptin (study 120) assumed a common standard deviation of 1.15%.  Despite a 

relatively large dropout rate in both studies (discussed further in this section) moderate power 

was sustained for the primary analyses as stated by Dr. Kim. In hypothesis testing, a hierarchical 

strategy was followed to protect the study-wise error rates for the primary endpoints and 

secondary endpoints in each study.

That both trials enrolled patients on background oral antidiabetic therapies is acceptable given 

that 1) metformin is the most commonly recommended first-line drug therapy for patients with 

type 2 diabetes and 2) currently approved exenatide-containing products Byetta and Bydureon 
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are not recommended as first line therapy for patients who have inadequate glycemic control on 

diet and exercise because of the uncertain relevance of the rat thyroid C-cell tumor findings to 

humans.  An Bydureon Bcise product should also contain this limitation of use.

Comparators were dosed per approved product labeling. Other relevant aspects of the protocols 

are discussed in Dr. Niyyati’s review. These details, including inclusion and exclusion criteria, 

were acceptable, and overall the protocol designs would be expected to lead to ‘adequate and 

well-controlled studies’ except for the lack of follow up of subjects who received rescue therapy 

and/or discontinued study drug as discussed below. 

The protocol did not specify that subjects receiving rescue therapy or who discontinued study 

drug should be retained in the study and their HbA1c values included in the primary efficacy 

analysis. This aspect of the protocol lead to a high percentage of missing HbA1c values as well 

as likely biasing the estimate of treatment effect. Reasons for discontinuation primary included 

adverse events and withdrawal by subject, meaning the subject chose to withdraw him or herself 

from the study, and thus the withdrawal cannot be assumed to be at random. An analysis 

excluding subjects who withdrew or received glycemic rescue does not simulate the real-world 

efficacy of EQWS and is not the preferred method for demonstration of effectiveness for the 

purposes of regulatory decision-making. The table below shows subject disposition for the two 

studies.

Study 118
 BID EQWS BID/EQW

S
EQWS/EQWS

≤ 28 weeks > 28 weeks

Randomized 148 229
Randomized & Treated (ITT 
population)

146 (100%) 229 (100%)

Completed 28 week 116 (79.5%) 193 (84.3%)

Observed N (%) at Week 28 for HbA1c

mITT population (de-jure) 6 107 (73.3%) 176 (76.9%)

6 The modified intention-to-treat (mITT) population consists of all randomized subjects received at least one dose of 

study drug excluding those who started glycemic rescue therapy or post-treatment follow-up. Using strictly this 

population represents defining a ‘de jure’ estimand per the FDA biostatistical reviewer
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    Percent Dropouts 26.7 % 23.1 %

mITT + retrieved dropouts (de-facto) 7 
   Percent Dropouts 

119 (81.5%)
18.5 %

182 (79.5%)
20.5 %

Discontinuation Reasons
Miscoded/Enrolled twice in different 
arms/No baseline measurement

2 4 0 0

ADMINISTRATIVE 2 0 0 0
ADVERSE EVENT 8 6 2 1
INVESTIGATOR DECISION 1 1 3 0
LOSS OF GLUCOSE CONTROL 0 1 0 0
LOST TO FOLLOW-UP 7 5 4 7
PROTOCOL VIOLATION 1 2 0 0
WITHDRAWAL BY SUBJECT 11 17 7 16

Study 120
 EQWS 2 mg Sitagliptin Placebo
Randomized 182 122 61
Randomized & Treated (ITT 
population)

181 (100%) 122 (100%) 61 (100%)

Completed 28-week 155 (85.6%) 109 (89.3%) 47 (77.0%)

Observed N (%) at Week 28 for HbA1c
mITT population (de-jure)
   Percent Dropouts 

141 (77.9%)
22.1%

98 (80.3%)
19.7%

38 (62.3%)
37.7%

mITT + retrieved dropouts (de-facto)  
   Percent Dropouts

153 (84.5%)
15.5%

106 (86.8%)
13.2%

48 (78.7%)
21.3%

Discontinuation Reasons (N)
ADMINISTRATIVE 1 0 0
ADVERSE EVENT 4 0 3
INVESTIGATOR DECISION 1 0 1
LOST TO FOLLOW-UP 7 6 3
PROTOCOL VIOLATION 1 0 0
WITHDRAWAL BY SUBJECT 14 7 7

Dr. Kim notes that the sponsor did not define an estimand per se; however, a primary analysis 

based on the modified intention-to-treat (mITT) population without including retrieved dropouts 

7 The de facto population includes subjects who withdrew, discontinued treatment or received glycemic rescue. To 

evaluate the most likely true efficacy of EQWS in a regulatory setting, de-facto estimand is appropriate for 

estimating potential outcomes that would have been observed under different exposures regardless of adherence to 

treatment, use of rescue therapy or discontinuation of study drug.
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is essentially defining a ‘de-jure’ estimand. To try to address this issue, Dr. Kim used what she 

called the ‘de facto’ estimand to perform analyses. This analysis includes subjects who 

withdrew, discontinued treatment or received glycemic rescue, i.e. retrieved dropout. Further, the 

sponsor’s method of analysis [Mixed Model for Repeated Measures (MMRM) as a primary 

statistical analysis (which assumes missing data is missing at random) excluding post-rescued 

and/or discontinued observations and Last Observation Carried Forward (LOCF) as a sensitivity 

analysis] was not ideal to address the concerns of the relatively high and imbalanced missing 

data rates. Dr. Kim, using alternative methodology, i.e. using the de-facto estimand including 

post-rescued and/or discontinued observations in an ANCOVA model primary analysis and then 

validating the primary results through multiple sensitivity analyses including multiple imputation 

of pattern mixture model (PMM), and Trimmed Means method that estimates direct effects of 

EQWS could confirm the statistical conclusion of efficacy from the two Phase 3 studies. The 

results as analyzed by Dr. Kim are discussed below. An explanation of the methodology of the 

sensitivity analyses is discussed in slightly more detail below, but for a detailed explanation the 

reader should refer to Dr. Kim’s review.

Baseline data for studies 118 and 120

Summary tables from the sponsor’s submission showing demographics and disease 

characteristics at baseline are shown below.
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Summary of Baseline Demographics in Phase 3 Studies in Adult Patients with Type 2 
Diabetes
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Summary of Baseline Disease Characteristics in Phase 3 Studies in Adult Patients with 
Type 2 Diabetes

Primary Efficacy Results for studies 118 and 120

In study 118, EQWS was statistically superior to Byetta since the upper limit of 95% confidence 

interval for the difference between EQWS and Byetta was below zero. The LS means (SE) of 

changes of HbA1c (%) from baseline at Week 28 using de-facto population were -1.39 (0.09) 

and -1.03 (0.12) for EQWS and Byetta respectively.  The LS mean difference based on an 

ANCOVA model8 was 0.36% (95% CI -0.66, -0.14) p=0.0032.

8 Results derived from an ANCOVA model without imputation using the ITT population defined as all randomized 

and treated subjects with a baseline measurement regardless of initiation of rescue therapy and/or discontinuation of 

drug treatments. Covariates in study 118 included treatment, baseline HbA1c, baseline HbA1c stratum (<9% or 

≥9%), diabetes management method at screening (diet/exercise alone, SU use, or non-SU use), Renal function 

(normal, mild, or moderate renal impairment). Covariates in study 120 included treatment, baseline HbA1c stratum 

(<9% or ≥9%) and baseline HbA1c.
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In study 120, EQWS was superior to placebo and was non-inferior to sitagliptin (pre-specified 

margin of 0.3%). The LS means (SE) of change in HbA1c (%) from baseline at Week 28 using 

the de-facto population were -1.07 (0.10), -0.79 (0.13) and -0.58 (0.21) for EQWS, sitagliptin, 

and placebo, respectively. However, the LS Means difference between sitagliptin and placebo 

was -0.19% (95% CI: -0.62, 0.24), smaller than the observed -0.7% placebo-adjusted sitagliptin 

effect from the historical meta-analysis that was used for the NI margin determination and power 

calculation. Since sitagliptin (active control) did not show superiority to placebo in this study the 

non-inferiority testing of EQWS vs. sitagliptin is not meaningful. Nevertheless, the study results 

still provide evidence of effectiveness of EQWS given that EQWS was superior to placebo.

Sensitivity analyses for studies 118 and 120

As noted by Dr. Kim, both studies had high dropout rates (ranged 20% to 38%) that are likely to 

impact the evaluation of efficacy of EQWS. She conducted sensitivity analyses using multiple 

imputation and using both a ‘return to baseline’ model (for study 118) and ‘washout of treatment 

effect’ model (for study 120) which do not assume data are missing at random. Assuming data 

are missing at random is not a reasonable assumption and can lead to bias in study results. For 

example, one reasonable assumption made by the FDA biostatistician is that missing data of non-

retrieved dropouts behave similarly to those who discontinued treatment or initiated rescue 

therapy but had the HbA1c measured at Week 28. Another complicating factor was the unequal 

randomization ratios in the study designs. To address the potential bias from the imbalanced 

sample size and missing rates in both studies, Dr. Kim also performed a ‘trimmed means 

analysis’ which imputes missing data as ‘bad outcomes, rather than basing imputation on the 

behavior of other dropouts. A detailed explanation of the methodology can be found in Dr. 

Kim’s review.  For study 118, all sensitivity analyses conducted by Dr. Kim supported the 

conclusion of superiority of EQWS vs. Byetta with an effect size of roughly 0.3% to 0.4% 

meaning that robust evidence suggests that EQWS lowered HbA1c by about 0.3% to 0.4% more 

than did Byetta after 28 weeks of treatment and the results were statistically significant. For 

study 120, sensitivity analyses also generally supported the robustness of the primary efficacy 

analysis shown above including the lack of demonstration of superiority of sitagliptin to placebo. 

The effect size for superiority of EQWS vs. placebo ranged from -0.4% to -0.75%.
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The following forest plots and data tables are from Dr. Kim’s review and summarize the FDA 

treatment difference results using the aforementioned methodology9 for study 118 (first panel) 

and study 120. Note that the superiority of EQWS to sitagliptin was not demonstrated in any 

analysis using the ITT population.

Summary of Difference in HbA1c Change – Study BCB118 – from Dr. Kim’s review

Summary of Difference in HbA1c Change – Study BCB120 – from Dr. Kim’s review

Method Estimate (95% CI) p-value

EQWS-PBO MMRM -0.75(-1.18,-0.32) 0.0008
EQWS-PBO MI-PMM -0.41(-0.84,0.02) 0.0563
EQWS-PBO TrimmedMeans -0.655(-1.08,-0 23) 0.0116
EQWS-PBO FDA-MI-PMM -0.39(-0.91,0.12) 0.1363
EQWS-PBO ANCOVA -0.49(-0.91,-0.07) 0.0213
EQWS-SITA MMRM -0.4(-0.73,-0.07) 0.0169
EQWS-SITA MI-PMM -0.25(-0.58,0.08) 0.141
EQWS-SITA TrimmedMeans -0.19(-0.48,0.09) 0.0547
EQWS-SITA FDA-MI-PMM -0.34(-0.74,0.05) 0.0889
EQWS-SITA ANCOVA -0.3(-0.62,0.02) 0.065

9 Analyses included the sponsor’s primary analysis (MMRM) using the mITT population and sensitivity analysis 

with multiple imputations using PMM (MI-PMM) in ITT population by the sponsor; ANCOVA using de-facto 

population (ANCOVA), multiple imputations using PMM (FDA-MI-PMM), and FDA Trimmed Means analysis 

(TrimmedMeans) using the ITT population

Method Estimate (95% CI) p-value
MMRM -0.38(-0.64,-0.12) 0.0046
MI-PMM -0.3(-0.59,-0.01) 0.0451
TrimmedMeans -0.3(-0.56,-0.05) 0.03
FDA-MI-PMM -0.29(-0.58,0) 0.0532

ANCOVA -0.4(-0.66,-0.14) 0.0032
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Subgroup analyses for studies 118 and 120

Subgroup analyses based on gender, race, and age10 did not identify any evidence that treatment 

effect significantly depends on these factors. Dr. Kim also examined subgroup analysis by renal 

function status and ethnicity (Hispanic vs. non-Hispanic) and concluded that there were no 

notable differences across subgroups in both studies. A numerically significant interaction 

between renal function and treatment group was found in study 118 (ANCOVA interaction term 

p-value: 0.004) and in study 120 (ANCOVA interaction term p-value: 0.02). Since exenatide is 

renally eliminated it would follow logically that patients with mild/moderate renal impairment 

might have higher steady state concentrations with the same exenatide dose and hence derive 

slightly better HbA1c reduction. However, the effect seems to be better for normal renal function 

in study 118 and better for renal impairment in study 120 suggesting that the observed data do 

not represent a true effect.  

10 subgroups defined by race (White vs. Black or African American vs. Others), gender (Female vs. Male), and age 

(≥ 65 vs. < 65). Since both studies were conducted entirely in the U.S. subgroup analyses based on geographic 

region were not conducted
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Subgroup Analyses for Renal Function and Ethnicity for BCB118 from Dr. Kim’s Review

Subgroup Analyses for Renal Function and Ethnicity for BCB120 from Dr. Kim’s Review

Analyses based on ethnicity had similarly marginal significance.  Hence, based on these data I 

agree with Dr. Kim that these subgroup analyses do not suggest any meaningful difference in 

effect among any of the subgroups examined.

In both studies, subjects with higher baseline HbA1c tended to have the larger changes in HbA1c 

at Week 28 regardless of treatment assignment; this is an expected finding (it has been observed 

with most these types of clinical studies FDA has reviewed).

Secondary endpoints for studies 118 and 120
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Key secondary endpoints in both studies were percentage of patients with HbA1c < 7%, fasting 

plasma glucose (FPG), body weight changes (kg), and 2-hour postprandial plasma glucose at 

Week 28, and hypothesis testing of these outcomes was to be performed in a hierarchical fashion 

if the hypothesis tests for primary endpoints were statistically significant. 

Statistical evidence of differences between groups for any of these key secondary endpoints was 

not achieved. In study 118, as analyzed by the FDA biostatistical reviewer, 92 out of 182 (50%) 

subjects achieved HbA1c < 7.0% at Week 28 in the EQWS group compared to 56 out of 119 

subjects (47%) in the Byetta group using the de-facto population. The difference in the 

proportions did not reach statistical significance (p=0.63), and further formal hypothesis testing 

was stopped. In study 120, no further hypothesis testing for secondary endpoints was performed 

because hypothesis testing for primary endpoints failed to show the superiority of EQWS to 

sitagliptin.

For descriptive purposes, the results of these secondary endpoints are discussed in Dr. Niyyati’s 

review. Note, however, these analyses were conducted by the sponsor and use populations and/or 

methods that are not preferred by the FDA biostatistical reviewer.

8. Safety

Clinical safety was reviewed by Dr. Niyyati. I agree with her conclusion the overall safety 

profile for EQWS is consistent with Bydureon and does not raise new or worsening safety 

concerns of known safety issues. 

There were 410 patients exposed to Bydureon Bcise for 28 weeks during the controlled phases, 

and an additional 116 patients exposed to Bydureon Bcise during an uncontrolled extension for 

an additional 24 weeks. Overall, there were 526 patients exposed to Bydureon Bcise with a mean 

duration of exposure of 35 weeks in the controlled and extension phases of the two trials. Across 

the treatment arms in the controlled periods, the mean age of patients was 55 years, 2% were 75 

years or older and 59% were male. The population in these studies was 78% White, 15% Black 

or African American, 5% Asian; 1% American Indian or Alaska Native; <1 % were Native 
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Hawaiian or Pacific Islander; and <1% were other races. This population included 42% of 

Hispanic or Latino ethnicity. At baseline, the population had diabetes for an average of 8.3 years 

and had a mean HbA1c of 8.5%. Baseline estimated renal function was normal or mildly 

impaired (eGFR ≥60mL/min/1.73 m2) in 93% of the pooled study populations. As with 

Bydureon the most common adverse events for EQWS included injection site nodules (10.5%) 

and nausea (8.2%).

Less common but important safety issues known to be associated with either immediate-acting or 

extended-release exenatide products or both include a potential risk of medullary thyroid 

carcinoma (MTC) (long acting GLP-1 agonist-associated) pancreatitis, severe nausea and 

vomiting which can sometimes lead to dehydration and acute kidney injury, hypoglycemia when 

used in combination with insulin or insulin secretagogues, and immunogenicity. In the EQWS 

NDA these safety issues appeared to be like Bydureon, at least to the extent to which these issues 

can be reasonably assessed in short-term glycemic control trials. For example, given the rarity 

and long-latency of MTC the EQWS studies would not be expected to add any value to the 

evaluation of this safety issue. Nevertheless, given the similar or lower steady state exposure 

achieved with EQWS as compared to Bydureon, the current body of safety data is sufficient for 

approval. This section of the CDTL memo will discuss only notable specific safety issues for the 

EQWS NDA. For the totality of safety findings for the EQWS NDA please see Dr. Niyyati’s 

review. A general summary of safety is also contained in the risk/benefit assessment in section 

13 of this memo. 

Cardiovascular safety

Diabetes has been associated with an increase in the risk of cardiovascular (CV) disease, CV 

death and all-cause mortality,11,12 with many people with diabetes dying from CV causes. In 

December 2008 FDA issued the Guidance for Industry: Diabetes Mellitus, Evaluating 

11Preis SR, Hwang SJ et al. Trends in all-cause and cardiovascular disease mortality among women and men with 
and without diabetes mellitus in the Framingham Heart Study, 1950 to 2005.Circulation 2009;119:1728-35.

12Sarwar N, Gao P, Seshasai SR, et al. Diabetes mellitus, fasting blood glucose concentration, and risk of vascular 
disease: a collaborative meta-analysis of 102 prospective studies. Lancet 2010;375:2215-22
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Cardiovascular Risk in New Antidiabetic Therapies to Treat Type 2 Diabetes (“CV Guidance”) 

which asks sponsors developing therapies for T2DM to rule out an unacceptable CV risk before 

submitting to the FDA for marketing approval.

For EQWS, at the End-of-Phase 2 milestone meeting held December 14, 2011 it was agreed 

upon between the Agency and the sponsor that 1) for premarketing CV risk assessment the 

sponsor may rely on the cardiovascular safety data obtained to date from the Byetta and 

Bydureon exenatide formulations, and 2) to satisfy the recommendations of the 2008 CV Risk 

Guidance for postmarketing risk assessment, the EQWS NDA may rely on cardiovascular 

outcome study (CVOT) BCB109 [also known as EXSCEL (EXenatide Study of Cardiovascular 

Event Lowering)]. EXSCEL was a large placebo-controlled CVOT enrolling over 14,000 

patients from 35 countries. EXSCEL has not yet been submitted to the Agency for review, but 

results have been published in the New England Journal of Medicine13 and presented at the 

European Association for the Study of Diabetes (EASD) 2017 annual meeting14. These reports 

state that the EXSCEL trial met its primary safety objective of non-inferiority for MACE (major 

adverse cardiovascular events).  Numbers of CV events in the EQWS program were very low 

and insufficient to draw any meaningful conclusions. I believe that the EQWS NDA has met the 

minimum agreed upon requirement for approval. FDA will continue to consider the CV safety of 

exenatide containing products during review of EXSCEL.

Immunogenicity

As with all therapeutic proteins, there is potential for immunogenicity.  Anti-drug antibodies may 

also neutralize exenatide and impact efficacy or safety. Anti-drug antibodies that cross-react to 

endogenous GLP-1 or glucagon may affect glucose homeostasis. Antidrug antibodies (ADA) 

were present in about 74% of subjects were anti-exenatide antibody positive during the 

controlled period. 42.2% of these patients developed low titer antibodies to exenatide and 

approximately 31.8% of patients developed high titer antibodies at any time during the studies. 

Titers peaked at approximately weeks 8-16 of dosing and then diminished over time.

13 http://www nejm.org/doi/full/10.1056/NEJMoa1612917 accessed October 14, 2017
14Thursday, 14 September 2017 in Lisbon, Portugal
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The incidence of injection site reactions in patients treated with EQWS (who had ADA 

measurements available) was higher in patients with positive ADA (17% reported an injection 

site reaction) than in patients with negative ADA (6% reported an injection site reaction), and 

higher percentage of subjects with injection site reactions had positive antibodies, especially 

higher titer antibodies. Regarding a possible impact on efficacy, exploratory analyses suggest a 

possible smaller reduction in HbA1c at Week 28 and Week 52 with increasing antibody titers. I 

agree with Dr. Niyyati that the sample size of these sub-group exploratory analyses is small 

limiting data interpretation. However, this apparent trend of higher anti-drug antibody titer being 

associated with attenuated efficacy has been observed with other GLP-1 agonist products, 

including Bydureon and is likely to be a real effect.

ADAs were not tested for neutralizing activity or the cross-reactivity with GLP-1 and/or 

glucagon in the EQWS clinical program. This was, in part, because neutralizing assays are not 

routinely developed for this drug class and because the sponsor believed that previous evaluation 

of cross-reactivity done in the context of the Bydureon NDA showed no important cross-

reactivity. However, the reviewer from the Office of Biotechnology Products (OBP) noted that 

the Bydureon assays for evaluating the cross-reactivity of anti-exenatide antibody to GLP-1 and 

glucagon were not adequately sensitive.  

 

 

 

  These issues do not rise to the level of a Postmarketing 

Requirement because prior clinical experience indicates adequate safety or efficacy data to 

support approval, but these noted uncertainties about safety or efficacy that remain should be 

further characterized.
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9. Advisory Committee Meeting 

No issue rose to the level of needing to convene an advisory committee meeting for this NDA.

10. Pediatrics

This application triggers the Pediatric Research Equity Act (PREA) as a new dosage form of 

exenatide. This NDA was discussed at the Pediatric Review Committee (PeRC) meeting on 16 

Aug 2017. PeRC agreed with a partial waiver of pediatrics birth to less than 10 years as studies 

are impossible or highly impracticable and deferral of studies of pediatrics 10 to less than 18 

years.  An ongoing pediatric study will evaluate both long acting exenatide formulations, i.e. 

Bydureon and Bydureon Bcise, compared to placebo. This PREA-related PMR (post-marketing 

requirement) was issued for the Bydureon NDA and is intended to satisfy the PREA 

requirements for Bydureon Bcise.

11. Other Relevant Regulatory Issues 

Refer to the Office of Scientific Investigations (OSI) review by Dr. Cynthia Kleppinger dated 

August 29, 2017. OSI states overall the inspection findings support the validity of the data to 

support NDA 209210.

The proprietary name Bydureon Bcise was found conditionally acceptable by the Division of 

Medication Error Prevention and Analysis (DMEPA). See DARRTS dated 13 Mar 2017.

12. Labeling 

The agreed upon EQWS label adequately conveys the risks known with GLP-1 agonists, i.e., 

Bydureon and Byetta, either identified during the clinical trials or postmarketing. This includes a 

boxed warning stating that exenatide causes  

thyroid C-cell tumors at clinically relevant exposures in  rats, and that 

the human relevance of exenatide-induced rodent thyroid C-cell tumors is unknown. Based on C-
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cell tumorigenicity of liraglutide in rodents, Bydureon is contraindicated in patients with a 

personal or family history of MTC or patients with multiple endocrine neoplasia syndrome type 

2 (MEN2) and it is not recommended as first-line therapy for patients with T2DM inadequately 

controlled on diet and exercise.  Bydureon Bcise should retain this boxed warning and 

contraindication. Note that potential risk of MTC from exenatide treatment is attributed to its 

GLP-1 receptor agonist activity, and this risk is not unique to exenatide. A boxed warning about 

the potential risk of MTC is included in the label for all products containing long-acting GLP-1 

receptor agonists.

Dr. Niyyati found that, like Bydureon, EQWS had a noticeable imbalance as compared to Byetta 

for injection site reactions.  Bydureon labeling contains a Warning and Precaution about serious 

injection site reactions.  Injection site nodules are thought to be due to the microsphere 

technology and are expected to be similar between Bydureon and EQWS. Therefore, while no 

serious injection site reaction occurred in EQWS-treated subjects in the submitted trials, EQWS 

labeling will also contain this Warning and Precaution.

Similarly, while cases of anaphylaxis and angioedema were not reported in the EQWS studies, 

these have been reported with other GLP-1 receptor agonists. Therefore, the EQWS labeling 

should include a Warning and Precaution regarding serious hypersensitivity reactions.

The same logic applies to the other Warnings and Precautions contained in the Bydureon label 

such as pancreatitis, hypoglycemia, etc. Nothing in the EQWS NDA suggested worsening of 

these known safety issues and labeling for EQWS should be consistent with labeling for 

Bydureon.

Other notable issues include:

 Approved labeling will conform to the Pregnancy and Lactation Labeling Rule (PLLR). 

 OPDP has provided labeling review and has concurred that the current version of the 

proposed labeling minimizes inappropriate promotional claims to the degree possible. 
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 DMEPA has also provided a labeling review and has recommended suggestions to 

optimize labeling to reduce the risk of medication error.

13. Recommendations/Risk Benefit Assessment 

 Recommended Regulatory Action 

Approval 

 Risk Benefit Assessment

Exenatide is an antidiabetic therapy in the glucagon-like peptide 1 class. It improves glycemic 

control in patients with type 2 diabetes mellitus by stimulating glucose dependent insulin 

secretion, reducing glucagon secretion, and possibly by slowing gastric emptying. Exenatide-

containing products currently approved in the United States are Byetta and Bydureon.  Byetta, 

approved in 2005, is administered as a twice daily subcutaneous injection while Bydureon, 

approved in 2012, is administered once weekly by subcutaneous injection and comes as a 

powder requiring reconstitution before administration. Bydureon Bcise eliminates this 

reconstitution step as the Bydureon Bcise device constituent (autoinjector) comes prefilled with 

the non-aqueous drug suspension. Bydureon Bcise will provide another treatment option for 

adult patients with type 2 diabetes mellitus that is possibly better-liked by patients due to the 

theoretically more convenient administration, although this wasn’t directly assessed in clinical 

studies.

The sponsor has submitted two adequate and well-controlled trials that establish the efficacy of 

Bydureon Bcise. A high-level summary of the efficacy results in shown in the table below. The 

safety profile of Bydureon Bcise appears consistent with that of Bydureon and does not raise 

new or worsening safety concerns of known safety issues.  Overall, the risk benefit assessment 

for Bydureon Bcise is favorable and the application should be approved.
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FDA Biostatistician’s Efficacy Findings for Studies 118 and 120, Conducted in Adults with 
Type 2 Diabetes Mellitus*

*Results derived from an ANCOVA model without imputation using the ITT population defined as all randomized 
and treated subjects with a baseline measurement regardless of initiation of rescue therapy and/or discontinuation of 
drug treatments. Covariates in study 118 included treatment, baseline HbA1c, baseline HbA1c stratum (<9% or 
≥9%), diabetes management method at screening (diet/exercise alone, SU use, or non-SU use), Renal function 
(normal, mild, or moderate renal impairment). Covariates in study 120 included treatment, baseline HbA1c stratum 
(<9% or ≥9%) and baseline HbA1c.
EQWS is the same as Bydureon Bcise

 Recommendation for Postmarketing Risk Evaluation and Management Strategies

None
 Recommendation for other Postmarketing Requirements and Commitments

The following reportable16 PMCs have been agreed upon between the Agency and sponsor:

3274-1: Test samples from clinical studies BCB118 and BCB120 for the presence of anti GLP-1 

and anti-glucagon antibodies using a similar assay used to test samples as described in report 

REST080154R1.  Sample selection criteria will be submitted to and reviewed by the Agency 

prior to initiation of sample analysis.

Study Completion: 12/2018

Final Report Submission: 05/2019

3274-2: Validate the sensitivity of the version of ELISA-0308 method used for the detection of 

anti-exenatide antibodies [anti-drug antibodies (ADA)] in patient samples collected in clinical 

studies BCB118 and BCB120.

16 506B “reportable” includes all studies/trials an applicant has agreed upon or is required to conduct related to 

clinical safety, clinical efficacy, clinical pharmacology, or nonclinical toxicology (21 CFR 314.81(b)(2 )(vii) and 21 

CFR 601.70(a)).  
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Final Report Submission: 01/2019
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